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Content 
  

ORAL PRESENTATIONS 

 

PARALLEL SESSION L2.1 DEVELOPING AND EVALUATING CLIMATE-

SMART PRACTICES 

KEYNOTE PRESENTATIONS 

14:00 Developing and evaluating climate-smart practices and services 
Campbell Bruce M.1, Corner-Dolloff C.2, Girvetz E.H.3, Rosenstock T.4 
1CIAT, c/o University of Copenhagen, Copenhagen, Denmark 
2CIAT, Cali, Colombia 
3CIAT, Nairobi, Kenya 
4ICRAF, Nairobi, Kenya 

14:30 Evaluating agricultural mitigation and scaling up climate-smart practices using the FAO EX-

Ante Carbon balance Tool 
Bernoux Martial1, Bockel Louis2, Grewer Uwe2, François Jean-Luc3, Rossin Nicolas4, Braimoh Ademola5 
1IRD, UMR Eco&Sols, 34060 Montpellier, France 
2FAO, ESA, 00153 Rome, Italy 
3AFD, ARB, Paris, France 
4AFD, CLI, Paris, France 
5World Bank, Washington DC, USA 

CONTRIBUTED ORAL PRESENTATIONS 

16:30 Rain water-based integrated agricultural system: a model for ensuring food security and 

adaptation in coastal Bangladesh 
Talukder Byomkesh1, Blay-Palmer Alison1, van Loon Gary2 
1Department of Geography and Environmental Studies, Wilfrid Laurier University, Waterloo, Canada 
23ÃÈÏÏÌ ÏÆ %ÎÖÉÒÏÎÍÅÎÔÁÌ 3ÔÕÄÉÅÓȟ 1ÕÅÅÎȭÓ 5ÎÉÖÅÒÓÉÔÙȟ +ÉÎÇÓÔÏÎȟ #ÁÎÁÄÁ 

16:45 Additive impacts of climate-smart agriculture practices in mixed crop-livestock systems in 

Burkina Faso 
Rigolot Cyrille1,2, De Voil P.3, Douxchamps Sabine4, Prestwidge Di1, Van Wijk Mark5, Thornton Phillip6, 

Henderson B.1, Medina Hidalgo D.1, Rodriguez Daniel3, Herrero Mario1 
1Commonwealth Scientific and Industrial Research Organization, St Lucia, QLD 4067, Australia 
2INRA, UMR 1273 Metafort, F-63122 Saint Genes Champanelle, France 
3University of Queensland, Queensland Alliance for Agriculture and Food Innovation (QAAFI), Toowoomba, 

Australia 
4International Livestock Research Institute (ILRI), Ouagadougou, Burkina Faso 
5International Livestock Research Institute (ILRI), PO Box 30709-00100, Nairobi, Kenya 
6CGIAR Research Programme on Climate Change, Agriculture and Food Security, (CCAFS), PO Box 30709-

00100, Nairobi, Kenya 
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17:00 Developing indicators for Climate-Smart Agriculture (CSA) 
Rawlins Maurice Andres, Heumesser Christine, Emenanjo Ijeoma, Zhao Yuxuan, Braimoh Ademola 
The World Bank Group, 1818 H St. NW, Washington DC, USA 

17:15 Towards metrics to track and assess climate smart agriculture 
Verhagen Jan, Huib Hengsdijk, Sjaak Conijn, Annemarie Groot, Nico Polman, Theun Vellinga, Eddy Moors 
Wageningen UR, droevendaalsesteeg 4, 6708 pb, Wageningen, the Netherlands 

 

PARALLEL SESSION L2.2 FACING CLIMATIC VARIABILITY AND 

EXTREMES 

KEYNOTE PRESENTATIONS 

14:00 Facing climatic variability and extremes 
Zougmoré Robert1, Rao K.P.C.2, Diedhiou Arona3 
1ICRISAT-Mali, BP 320 Bamako Mali 
2ICRISAT Ethiopia, PO Box 5689, Addis Ababa, Ethiopia 
3Université de Grenoble, BP 53, 38041, Grenoble Cedex 9, France 

14:30 Rainfall modifications in the context of climate change: the puzzle of the tropical regions 
Lebel Thierry, Vischel Théo 
LTHE, IRD & Université de Grenoble, BP 53, 38041, Grenoble Cedex 9, France 

CONTRIBUTED ORAL PRESENTATIONS 

16:30 The potential for underutilised crops to improve food security in the face of climate change 
Massawe Festo1, Mayes Sean1,2, Cheng A.1, Chai, H.H.1, Cleasby P.1, Symonds R.1; Ho W.K.2, Siise Aliyu1, 

Wong Q.1, Kendabie P.3, Yanusa Y.4, Azman R.2, Azam-Ali Sayed N.2 
1University of Nottingham Malaysia Campus, Malaysia 
2Crops for the Future, Malaysia 
3University of Nottingham, United Kingdom 
4Bayero University Kano, Nigeria 

16:45 Changes in climate variability and potential for impacts of droughts on agricultural markets 
Leclère David, Havlík Petr 
International Institute for Applied System Analysis (IIASA), Ecosystem Services Management program (ESM), 

Laxenburg, Austria 

17:00 How precisely do maize crop models simulate the impact of climate change variables on yields 

and water use? 
Durand Jean-Louis1, Bassu Simona2, Brisson Nadine2, Boote Kenneth3, Lizaso Jon4, Jones James W.5, 

Rosenzweig Cynthia6, Ruane Alex C.6, Adam Myriam7, Baron Christian8, Basso Bruno9,10, Biernath 

Christian11, Boogaard Hendrik12, Conijn Sjaak13, Corbeels Marc14, Deryng Delphine15, de Sanctis Giacomo16, 

Gayler Sebastian17, Grassini Patricio18, Hatfield Jerry19, Hoek Steven12, Izaurralde Cesar20, Jongschaap 

Raymond R .13, Kemanian Armen R.21, Kersebaum K. Christian22, Kim Soo-Hyung23, Kumar Naresh S.24, 

Makowski David2, Müller Christoph25, Nendel Claas22, Priesack Eckart11, Pravia Maria Virginia21, Sau 

Federico4, Shcherbak Iurii9,10, Tao Fulu26, Teixeira Edmar27, Timlin Dennis28, Waha Katharina24 
1Unité de Recherche Pluridisciplinaire sur la Prairie et les Plantes Fourragéres, INRA, BP 80006, Lusignan, 

86600, France 
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25ÎÉÔï Äȭ!ÇÒÏÎÏÍÉÅȟ ).2!-AgroParisTech, BP 01, Thiverval-Grignon, 78850, France 
3Department of Agronomy, University of Florida, P.O. Box 110500, Gainesville, FL 32611, USA 
4Department Produccion Vegetal, Fitotecnia, University Politécnica of Madrid, Madrid, 28040, Spain 
5Department of Agricultural & Biological Engineering, University of Florida, P.O. Box 110570, Gainesville, FL 

32611, USA 
6Climate Impacts Group, NASA Goddard Institute for Space Studies, 2880 Broadway, New York, NY 10025, 

USA 
7UMR AGAP/PAM, CIRAD, Av. Agropolis, Montpellier, France, 
8CIRAD, UMR TETIS, 500 rue J-F. Breton, Montpellier, F-34093, France 
9Department of Geological Sciences, Michigan State University, East Lansing, MI, USA 
10Department Crop Systems, Forestry and Environmental Sciences, University of Basilicata, Potenza, Italy 
11Institute für Bodenökologie, Helmholtz Zentrum München, Ingolstädter Landstraße 1, D-85764, Neuherberg, 

Germany 
12Centre for Geo-Information, Alterra, P.O. Box 47, Wageningen, 6700AA, the Netherlands 
13WUR-Plant Research International, Wageningen University and Research Centre, P.O. Box 16, 6700AA, 

Wageningen, the Netherlands 
14CIRAD-Annual Cropping Systems, C/O Embrapa-Cerrados Km 18, BR 020 - 2ÏÄÏÖÉÁ "ÒÁÓąÌÉÁȾ&ÏÒÔÁÌÅÚÁȟ #0 

08223, CEP 73310-970, Planaltina, DF, Brazil 
15Tyndall Centre for Climate Change research and School of Environmental Sciences, University of East Anglia, 

Norwich, NR4 7TJ, United Kingdom 
16Unité AGROCLIM, INRA, Domaine st Paul Site Agroparc, Avignon Cedex 9, Avignon, 84914, France 
17Water & Earth System Science (WESS) Competence Cluster, c/o University of Tübingen, Tübingen, 72074, 

Germany 
18Department of Agronomy and Horticulture, University of Nebraska-Lincoln, 178 Keim Hall-East Campus, 

Lincoln, NE 68503-0915, USA 
19USDA-ARS National Soil Tilth Laboratory for Agriculture and the Environment, 2110 University Boulevard, 

Ames, IA 50011, USA 
20Pacific Northwest National Laboratory and University of Maryland, 5825 University Research Court Suite 

3500, College Park, MD 20740, USA 
21Department of Plant Science, The Pennsylvania State University, 247 Agricultural Sciences and Industries 

Building, University Park, PA 16802, USA 
22Institute of Landscape Systems Analysis, ZALF, Leibniz-Centre for Agricultural Landscape Research, 

Eberswalder Str. 84, D-15374, Muencheberg, Germany 
23School of Environmental and Forest Sciences, University of Washington, Seattle, WA 98195-4115, USA 
24Indian Agricultural Research Institute, Centre for Environment Science and Climate Resilient Agriculture, New 

Delhi 110012, India 
25Potsdam Institute for Climate Impact Research, Telegraphenberg A 31, P.O. Box 60 12 03, D-14412, Potsdam, 

Germany 
26Institute of Geographical Sciences and Natural Resources Research, Chinese Academy of Sciences, Beijing, 

100101, China 
27Sustainable Production, The New Zealand Institut for Plant & Food Research Limited, Lincoln, Canterbury, 

New Zealand 
28Crop Systems and Global Change Laboratory, USDA/ARS, 10300 Baltimore avenue, BLDG 001 BARC-WEST, 

Beltsville, 20705-2350 MD, USA 

17:15 Modeling livestock production under climate constraint in the African drylands to identify 

interventions for adaptation  
Mottet Anne1, Conchedda Giulia1, de Haan Cees2, Msangi S.3, Ham Frédéric4, Lesnoff Matthieu5, Fillol, 

Erwann4, Ickovicz Alexandre6, Cervigni Raffaello2, Gerber Pierre1 
1FAO, 1Viale delle Terme di Caracalla 00153 Rome, Italy 
2World Bank, 1818 H St NW, Washington, DC 20433, USA 
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3IFPRI, 2033 K Street, NW, Washington, DC 20006, USA 
4ACF West Africa Regional Office, Yoff Toundoup, RYA lot No. 11, Dakar, Senegal 
5CIRAD, Campus de Baillarguet, TA C-112 / A, 34398 Montpellier Cedex 5, France 
6CIRAD, Campus Montpellier SupAgro-INRA, 2, place P. Viala, 34060 Montpellier cedex 1, France 

 

PARALLEL SESSION L2.3 COMBINING MITIGATION, ADAPTATION AND 

SUSTAINABLE INTENSIFICATION 

KEYNOTE PRESENTATIONS 

14:00 Ex-ante evaluation of Climate-Smart Agriculture options 
Cassman Kenneth1, van Ittersum M. K.2, Hochman Z.3, McIntosh P.3, Grassini P.1, Yang H.1,  van Bussel 

L.G.J.2, Guilpart N.1, Van Wart J.1, Claessens L.4, Boogaard H.2, de Groot H.2, Wolf J.2, van Oort P.5 
1Univ. of Nebraska, USA 
2Wageningen University, the Netherlands 
3CSIRO, Australia 
4ICRISAT, Kenya 
5AfricaRice 

14:30 Will sustainable intensification get us to 2 degrees Celsius? 
Wollenberg Lini1, Richards Meryl1, Havlik Petr2, Smith Pete3, Carter Sarah4, Herold Martin4 
1CGIAR Research Program on Climate Change, Agriculture and Food Security (CCAFS), Gund Institute for 

Ecological Economics, University of Vermont, USA 
2International Institute for Applied Systems Analysis (IIASA), Austria 
3University of Aberdeen, United Kingdom 
4Wageningen University and Research Centre, the Netherlands 

CONTRIBUTED ORAL PRESENTATIONS 

16:30 Climate readiness in smallholder agricultural systems: Lessons learned from REDD+ 
Zurek Monika, Streck Charlotte, Roe Stephanie, Haupt Franziska with contributions from Wollenberg Lini 

and de Pinto Alex 
Climate Focus, Sarphatikade 13, 1017 WV Amsterdam, the Netherlands 

16:45 Assessing low emissions agricultural pathways under alternative climate policy regimes 
Kleinwechter Ulrich1, Havlik Petr1, Levesque Antoine1, Forsell Nicklas1, Zhang Yuquan W.1, Fricko Oliver2, 

Riahi Keywan2, Obersteiner Michael1 
1International Institute for Applied Systems Analysis (IIASA), Ecosystems Services and Management Program, 

Schloßplatz 1, 2361 Laxenburg, Austria 
2International Institute for Applied Systems Analysis (IIASA), Energy Program, Schloßplatz 1, 2361 Laxenburg, 

Austria 

17:00 Climate-smart coffee systems in East Africa 
Jassogne Laurence1, van Asten Piet1, Laderach Peter2, Craparo S.7, Liebig Theresa2, Rahn Eric2, Baca Maria2, 

Graefe S.3, Whitbread Anthony3, Nibasumba Anaclet4, Ampaire Edidah 1, Kagezi Godfrey5, Vaast Philippe6 
1International Institute of Tropical Agriculure (IITA), P.O.7878, Kampala, Uganda 
2International Center of Tropical Agriculture (CIAT), Cali, Columbia 
3Goettingen University, Goettingen, Germany 
4Institut des Sciences Agronomiques du Burundi (ISABU), Bujumbura, Burundi 
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5National Coffee Research Institute (NaCORI), Mukono, Uganda 
6World Agroforestry Centre (ICRAF - CIRAD), Nairobi, Kenya 
7University of Witwatersrand (WITS), South Africa 

17:15 Prioritizing climate-smart agricultural interventions at multiple spatial and temporal scales 
Shirsath Paresh B.1, Dunnett Alex2, Aggarwal Pramod K.3, Ghosh J.4, Joshi Pramod K.4, Thornton Phillip5, Pal 

B.6 
1PDF- Climate Change Adaptation, CCAFS, IWMI-New Delhi, India 
2CCAFS, IWMI-New Delhi, India 
3CCAFS-South Asia, IWMI-New Delhi, India 
4IFPRI, New Delhi, India 
5Theme Leader ɀ Data and Tools, CCAFS 
6ISEC, Bengaluru, India 

 

PARALLEL SESSION L2.4 BREEDING AND PROTECTING CROPS AND 

LIVESTOCK 

KEYNOTE PRESENTATIONS 

14:00 Plant breeding for climate-smart agriculture 
Glaszmann Jean Christophe 
UMR Amélioration Génétique et Adaptation des Plantes (Agap-DDSE), CIRAD, France 

14:30 What impact of climate change on animal health? 
Lancelot Renaud, Guis Hélène, Lefrançois Thierry 
Cirad, INRA, UMR CMAEE, France 

CONTRIBUTED ORAL PRESENTATIONS 

16:30 Reducing nitrogen run-off and emission, and increasing rice productivity in African rice 

production environment 
van Boxtel Jos1, Selvaraj Michael2, Dartey Kofi3, Lamo Jimmy4, Asante Maxwell3, Lu Zhongjin1, Ishitani 

Manabu2, Addae Prince5, Sanni Kayode5 
1Arcadia Biosciences, Davis CA 95618, USA 
2CIAT, AA6713 Cali, Colombia 
3CSIR- CRI, PO Box 3785, Kumasi, Ghana 
4NARO-NaCRRI, Box 7084, Kampala, Uganda 
5AATF, PO Box 30709, Nairobi, Kenya 

16:45 Utilization of ex situ collections and climate analogues for enhancing adaptive capacity to 

climate change 
Archak Sunil1, Semwal D.P.1, Pandey Sushil1, Mittra Sarika2, Mathur P.N.2, Agarwal Pramod3, Bansal K.C.1 
1ICAR-National Bureau of Plant Genetic Resources, Pusa Campus, New Delhi 110 012, India 
2Bioversity International, Pusa Campus, New Delhi 110 012, India 
3IWMI, Pusa Campus, New Delhi 110 012, India 

17:00 Adaptation of Mediterranean bovine livestock to climate constraints. Genetic diversity and 

breeding systems 
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Flori Laurence1,2, Moazami-Goudarzi Katayoun1, Lecomte Philippe3, Moulin Charles-Henri3,4, Thévenon 

Sophie2, Alary Véronique3, Casabianca François5, Lauvie Anne5, Boushaba Nadjet6, Saïdi-Mehtar Nadhira6, 

Boujenane Ismail7, Araba Abdelillah7, Menni Dalal7, Pineau Olivier8, Ciampolini Roberta9, Casu Sara10, 

ElBeltagy Ahmed11, Osman Mona-Abdelzaher11, Rodellar Clemen12, Martinez Amparo13, Delgado Juan-

Vicente13, Landi Vincenzo13, Hadjipavlou Georgia14, Ligda Christina15, Gautier Mathieu16, Laloë Denis1 
1INRA/AgroParisTech,  GABI, 78352 Jouy-en-Josas, France 
2Cirad, INTERTRYP, 34000 Montpellier, France 
3Cirad, SELMET, 34000 Montpellier, France 
4Montpellier SupAgro, SELMET, 34000 Montpellier, France 
5INRA, LRDE, 20250 Corte, France 
6Université ÄÅÓ 3ÃÉÅÎÃÅÓ ÅÔ ÄÅ ÌÁ 4ÅÃÈÎÏÌÏÇÉÅ Äȭ/ÒÁÎȟ $ïÐÁÒÔÅÍÅÎÔ ÄÅ 'ïÎïÔÉÑÕÅ -ÏÌïÃÕÌÁÉÒÅ !ÐÐÌÉÑÕïÅȟ 31000 

Oran, Algeria 
7Institut Agronomique et Vétérinaire Hassan II, Département de Productions et de Biotechnologies Animales, 

10101 Rabat, Morocco 
8La Tour du Valat, 13104 Arles, France 
9Dipartimenta di Scienze Veterinarie, LBG, 56124 Pisa, Italy 
10Agris Sardegna, Settore Genetica e Biotecnologie, 07100 Sassari, Italy 
11APRI, Animal Breeding and Genetics, Cairo, Egypt 
12Facultad de Veterinaria, Lagenbio, 50013 Zaragoza, Spain 
13Animal Breeding Consulting SL, Laboratorio de Genetica Molecular Aplicada, 14071 Cordoba, Spain 
14Agricultural Research Institute, 1010 Lefkosia, Cyprus 
15Veterinary Resarch Institute, NAGREF, 57001 Thessaloniki, Greece 
16INRA/IRD/Cirad/Montpellier SupAgro,  CBGP, 34988 Montferrier-sur-Lez, France 

17:15 Towards genotypes adapted to climate change via combination of phenotyping and modelling: 

The projects DROPS and Phenome 
Tardieu François 
INRA, LEPSE, 34060 Montpellier, France 

 

PARALLEL SESSION L2.5 OVERCOMING BARRIERS: POLICIES AND 

INSTITUTIONAL ARRANGEMENTS TO SUPPORT CSA 

KEYNOTE PRESENTATIONS 

14:00 Overcoming barriers: policies and institutional arrangements to support CSA 
Lipper Leslie 
FAO Rome, Via delle Terme di Caracalla, Rome, Italy 

14:30 Policies and institutions conducive for enhancing the transfer to CSA in Africa 
Sedogo Laurent1, Lamers John2, William Fonta3 
1Executive Director WASCAL Accra, Ghana 
2Coordinator of the Core Research Program of WASCAL, ZEF- University of Bonn, Germany 
3Research Coordinator, WASCAL Competence Center Ouagadougou, Burkina Faso 

CONTRIBUTED ORAL PRESENTATIONS 

16:30 Schools as climate smart agriculture information hubs 
Manalo Jaime IV A., Layaoen Myriam G., Balmeo Katherine P., Berto Jayson C., Frediles Christina A., 

Saludez Fredierick M. 
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Development Communication Division, Philippine Rice Research Institute, Maligaya, Science City of Munoz, 

Nueva Ecija 3119, Philippines 

 

16:45 Advancing CSA solutions through global collaboration: the Global Research Alliance on 

Agricultural Greenhouse Gases 
Clark Harry1, Scholten Martin2 
1NZAGRC, Tennent Drive, Private Bag 11008, Palmerston North 4442, New Zealand 
2Wageningen UR, Droevendaalsesteeg 4, 6708 PB Wageningen, the Netherlands 

17:00 Using whole-farm models for policy analysis of climate smart agriculture 
Paolantonio Adriana1, Branca Giacomo1, Arslan Aslihan1, Cavatassi Romina1, Cacho Oscar2 
1Agricultural Development Economics Division, Food and Agriculture Organization of the UN, Viale delle Terme 

di Caracalla, Rome 00153, Italy 
2University of New England, Armidale NSW 2350, Australia 

17:15 Climate shocks and risk attitudes among female and male maize farmers in Kenya 
Wainaina Priscilla1, Tongruksawattana Songporne2, De Groote Hugo2, Gunaratna Nilupa3 
1Department of Agricultural Economics and Rural Development; Georg-August-University of Goettingen, 

Germany 
2International Maize and Wheat Improvement Center (CIMMYT), Nairobi, Kenya 
3Department of Global Health and Population, Harvard School of Public Health, Massachusetts, USA 

 

 

POSTER SESSION 2 

L2.1 DEVELOPING AND EVALUATING CLIMATE SMART PRACTICES 

1. Climate Smart Management Options for Improving the Soil Fertility and Farm Productivity in the 

Middle Hills of Nepal 
Shrestha Shiva KumIar, Shrestha A., Bishwakarma B. K., Allen R. 
Sustainable Soil Management Programme (SSMP), HELVETAS Swiss Intercooperation Nepal, GPO Box 688, 

Kathmandu, Nepal 

2. Linking an ecological based system and social resilience to build Climate Smart village model in 

Niger 
Tougiani Abasse¹, Adamou Basso¹, Boureima Moussa¹, Jules Bayala² and Robert Zougmore³ 
¹Institut National de Recherche Agronomique du Niger, BP429, Niamey, Niger 
²World Agroforestry research Centre, Sahel Node, Samanko, BP: E5118, Bamako, Mali 
ϒ0ÒÏÇÒÁÍÍÅ ##!&3 !ÆÒÉÑÕÅ ÄÅ Ìȭ/ÕÅÓÔȟ )#2)3!4 0/ "ÏØ ΩΨΦ "ÁÍÁËÏȟ -ÁÌÉ 

3. Agriculture, climatic risks and food security in disaster-prone coastal landscape of Bangladesh 
Ronju Ahammad 
Charles Darwin University, Australia 

4. Assessing economic benefits of the use of climate seasonal forecasts within cowpea and sesame 

sectors in Burkina Faso 
Ouédraogo Mathieu1, Barry Silamana2, Kagambega Levy2, Somé Léopold2, Zougmoré Robert1 
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1The CGIAR Research Program on Climate Change, Agriculture and Food Security, West Africa Region, 

ICRISAT, BP 320, Bamako, Mali 
2)ÎÓÔÉÔÕÔ ÄÅ Ìȭ%ÎÖÉÒÏÎÎÅÍÅÎÔ ÅÔ ÄÅ 2ÅÃÈÅÒÃÈÅÓ !ÇÒÉÃÏÌÅÓ ɉ).%2!Ɋȟ  04 BP 8645 Ouagadougou 04, Burkina Faso 

5. Measurement of climate change and its effect: comparison between an objective method and 

population perceptions 
Azeufouet Alain Simplice1, Fofiri Nzossie Eric Joël2, Bring Christophe2 
1-ÉÎÉÓÔîÒÅ ÄÅ Ìȭ!ÇÒÉÃÕÌÔÕÒÅ ÅÔ ÄÕ ÄïÖÅÌÏÐÐÅÍÅÎÔ ÒÕÒÁÌ Ⱦ $%3!ȟ "0Ȣ 294 issea Yaoundé, Cameroon 
2Département de géographie, Université de Ngaoundéré  BP 454, Cameroon 

6. A set of indicators to evaluate policies for climate smart agriculture 
Bonati Guido, Altobelli Filiberto 
Istituto Nazionale di Economia Agraria, Via Nomentana 41, 00161 Roma, Italy 

7. Developing and evaluating CSA practices at country level: lessons learned from Malawi 
Phiri George1, Lipper Leslie2, Asfaw Solomon3, Cattaneo Andrea4, Cavatassi Romina5, Paolantino Adriana3, 

McCarthy Nancy6, Spairani Alessandro7, Branca Giacomo8, Grewer Uwe9, Mann Wendy10 
1CSA Technical Coordinator, FAO, Malawi 
2Senior Environmental Economist, FAO Rome, Viale delle Terme di Caracalla, Rome, Italy 
3Economist, FAO Rome, Italy 
4CSA Project Leader, FAO Rome, Italy 
5CSA Project Coordinator, FAO Rome, Italy 
6LEAD Analytics, Washington DC, USA 
7CSA project officer, FAO Rome, Italy 
8University of Tuscia, Viterbo, Italy 
9Agricultural Mitigation Consultant, FAO Rome, Italy 
10Senior Policy Consultant, FAO Rome, Italy 

8. Developing and evaluating CSA practices at country level: lessons learned from the Zambian 

experience 
Kokwe Misael1, Lipper Leslie2, Arslan Aslihan3, Cattaneo Andrea4, McCarthy Nancy5, Spairani Alessandro6, 

Branca Giacomo7, Grewer Uwe8, Mann Wendy9 
1CSA Technical Coordinator, FAO Zambia, FAO Representation Hse 5, Addis Ababa Drive, Ridgeway 10101 

LUSAKA, Zambia 
2Senior Environmental Economist, FAO Rome, Via delle Terme di Caracalla, Rome, Italy 
3Natural Resource Economist, FAO Rome, Italy 
4CSA Project Leader, FAO Rome, Italy 
5LEAD Analytics, Washington DC, USA 
6CSA project officer, FAO Rome, Italy 
7University of Tuscia, Viterbo, Italy 
8Agricultural Mitigation Consultant, FAO Rome, Italy 
9Senior Policy Consultant, FAO Rome, Italy 

9. Millet and sorghum leaf pruning and transplantation as adaptation techniques to rainfall variability 

in the Sahel 
Alhassane A., Traore S.B., Sarr B., Lawali M. N., Seybou O. A. B, Chaibou B. 
Centre Régional AGRHYMET, PO Box 11011, Niamey, Niger 

10. CSA menus of practices in the MICCA pilots 
Rioux Janie, Rosenstock Todd, Kirui Josephine, Mpanda Mathew, Massoro Erasto, Karttunen Kaisa 
Food and Agriculture Organization of the UN, Viale delle Terme di Caracalla, Rome 0015, Italy 
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11. Sustainability of broiler production in the context of climate change ɀ Evaluation of new 

incubation strategies 
Nyuiadzi Dzidzo1,10, Méda Bertrand1, Travel Angélique2, Berri Cécile1, Bignon Laure2, Leterrier Christine3,4,5,6, 

Guilloteau Laurence7, Coustham Vincent1, Dusart Léonie2, Mercerand Frédéric8, Delaveau Joël8, Grasteau 

Sandrine1, Tona Kokou9, Bouvarel Isabelle2, Collin Anne1 
1INRA, UR83 Recherches Avicoles, F-37380, Nouzilly, France 
2Institut Technique de l'Aviculture, F-37380, Nouzilly, France 
3INRA, UMR85 Physiologie de la Reproduction et des Comportements, F-3738, Nouzilly, France 
4CNRS, UMR7247, F-37380, Nouzilly, France 
5Université François Rabelais de Tours, F-37000, Tours, France 
6IFCE, F-37380, Nouzilly, France 
7INRA Val-de-Loire, F-37380, Nouzilly, France 
8INRA, UE1295 Pôle d'Expérimentation  Avicole de Tours, F-37380, Nouzilly, France 
9#ÅÎÔÒÅ Äȭ%ØÃÅÌÌÅÎÃÅ 2ïÇÉÏÎÁÌÅ ÓÕÒ ÌÅÓ 3ÃÉÅÎÃÅÓ !ÖÉÁÉÒÅÓ ɉ#%23!Ɋȟ 5ÎÉÖÅÒÓÉÔÙ ÏÆ ,ÏÍÅȟ "Ȣ0Ȣ ΧΫΧΫȟ ,ÏÍïȟ 4ÏÇÏ 
10Institut Togolais de Recherche Agronomique (ITRA), BP 1163, Lomé, Togo 

12. An analytical framework for Climate-Smart Agriculture at the community level 
Chandra Alvin, McNamara Karen, Dargusch Paul 
School of Geography Planning and Environmental Management, University of Queensland, St Lucia Campus, 

Brisbane, QLD 4072, Australia 

13. Are cropping practices developed by Sub-Saharan farmers climate-smart? Case study of millet 

cropping system in Senegal 
Tall Laure1, Mbengue Medoune2, Ndour B. Yacine1, Masse Dominique2, Clermont-Dauphin Cathy3 
1Institut Sénégalais de Recherches Agricoles (ISRA), Laboratoire National sur les productions végétales 

(LNRPV), Dakar, Senegal 
2Institut de Recherche pour le Développement (IRD), LMI IESOL, Dakar, Senegal 
3Institut de Recherche pour le Développement (IRD), UMR Eco&Sol, Montpellier, France 

14. Namibia specific climate smart agricultural land use practices: a budding vehicle for improving 

ecosystem services 
Kuhn Nikolaus J., Naanda Martha Talamondjila, Bloemertz Lena 
Physical Geography and Environmental Change, Department of Environmental Sciences, University of Basel 

(UNIBAS), Klingelbergstrasse 27, 4056 Basel, Switzerland 

15. A two-dimension evaluation of CSA practices. Evaluating practices by indicators and reduce non-

observable variable bias 
Maldonado Jorge1, Gómez John1, Corner-Doloff Caitlin2, Lizarazo Miguel2 
1Universidad de los Andes, Bogotá, Colombia 
2International Center for Tropical Agriculture (CIAT), Decision and Policy Analysis, Cali, Colombia 

16. Balancing complexity and usability when modelling farm scale production and greenhouse gas 

emissions 
Hutchings Nicholas, Kristensen Ib 
Dept of Agroecology, Aarhus University, Blichers Alle 1, 8830 Tjele, Denmark 
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17. An impact assessment of distinct agricultural climate protection measures for the implementation 

on 10 000 Swiss farms 
Prechsl Ulrich E., Alig Ceesay Martina, Wolff Veronika, Gaillard Gérard 
Agroscope, Institute for Sustainability Sciences, Reckenholzstrasse 191, CH-8046 Zurich, Switzerland 

18. How biodiversity-agriculture integration meets environmental expectations in a changing 

climate: a gender perspective 
Chitakira Munyaradzi 
Department of Environmental Sciences, University of South Africa, Johannesburg 1710, South Africa 

19. Analysing constraints to the improvement of cattle productivity via trypanosomosis treatment in 

West Africa 
MacLeod Michael1, Eory Vera1, Wint G.R.W.2, Shaw Alexandra P.M.3, Gerber Pierre4, Cecchi Giuliano5, 

Mattioli Raffaele C.4, Robinson Tim P.6 
1Land Economy, Environment and Society Group, SRUC, Edinburgh, EH9 3JG, United Kingdom 
2Environmental Research Group Oxford (ERGO), Department of Zoology, South Parks Road, Oxford, OX1 3PS, 

United Kingdom 
3AP Consultants, 22 Walworth Enterprise Centre, Duke Close, Andover, SP10 5AP, United Kingdom 
4Food and Agriculture Organization of the United Nations (FAO), Animal Production and Health Division. 

VialedelleTerme di Caracalla, 00153 Rome, Italy 
5Food and Agriculture Organization of the United Nations, Sub-regional Office for Eastern Africa, CMC Road, 

P.O.  Box 5536, Addis Ababa, Ethiopia 
6Livestock Systems and Environment (LSE), International Livestock Research Institute (ILRI), P.O. Box 30709, 

00100 Nairobi, Kenya 

20. Emission of N2O from soil received saline and sodic water: effects of compost and gypsum 

applications 
Dheri Gurmeet Singh1, Lal Rattan2 
1Department of Soil Science, Punjab Agricultural University, Ludhiana-141004, India 
2Carbon Management and sequestration Center, The Ohio State University, Columbus, USA 

21. Climate-Smart Agriculture livelihood options for displaced population on Yap Island 
Krishnapillai Murukesan V. 
Cooperative Research and Extension, College of Micronesia-FSM, Yap Campus, Colonia, Yap, FM 96943, 

Federated States of Micronesia 

22. Evaluating the cost-effectiveness of development investments 
Luedeling Eike1, De Leeuw Jan2, Rosenstock Todd S.2 Lamanna Christine2, Shepherd Keith2 
1World Agroforestry Centre and Center for Development Research (ZEF), University of Bonn, Walter-Flex-Str. 3, 

53113 Bonn, Germany 
2World Agroforestry Centre, PO Box 30677, 00100, Nairobi, Kenya 

23. MAPA project: resilient agro-climatic adaptation models for livestock production systems in 

Boyacá, Colombia 
López-Cepeda Michael, Bolaños-Benavides Martha, García-Gómez Gustavo 
CORPOICA (Colombian Corporation of Agricultural Research), Tibaitatá Investigation Center. Postcode: P.O. 

Box 344300. Bogotá, Colombia 

24. Assessing the determinants of adaptation strategies at farm level: the case of wine growers in 

South-East France 
Graveline Nina, Grémont Marine 
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BRGM, 1039, avenue de Pinville. 34000 Montpellier, France 

25. Determinants of adoption of climate smart agriculture in coastal Bangladesh 
Saroar Md Mustafa 
Urban and Rural Planning Discipline, Khulna University, Khulna 9208, Bangladesh 

26. Evolution of soil functional diversity after changes in management practices and effects on N2O 

emissions 
Recous Sylvie1, Léonard Joël2, Alavoine Gonzague1, Amossé Joël2,3, Bertrand Michel3, Boizard Hubert2, 

Brunet Nicolas2, Chauvat Matthieu4, Cheviron Nathalie5,Cluzeau Daniel6, Coudrain Valérie1,5, Dequiet 

Samuel7, Duparque Annie8, Duval Jérôme2, Hedde Mickaël5, Maron Pierre-Alain7, Peyrard Céline2, Philippot 

Laurent7, Mary Bruno2 
1INRA, UMR URCA FARE, 2 Esplanade Roland Garros, F-51100 Reims, France 
2INRA, UR AgroImpact, Laon, France 
3INRA, UMR AgroParisTech Agronomie, Thiverval-Grignon, France 
4University of Rouen, ECODIV laboratory, Mont-Saint-Aignan, France 
5INRA, UR PESSAC, Versailles, France 
6Université de Rennes, UMR CNRS Ecobio, Rennes, France 
7INRA, UMR AGROECOLOGIE, Dijon, France 
8AgroTranfert Ressources et Territoires, Estrées-Mons, France 

27. /ÐÐÏÒÔÕÎÉÔÉÅÓ ÁÎÄ ÃÈÁÌÌÅÎÇÅÓ ÉÎ #ÈÉÎÁȭÓ ÉÒÒÉÇÁÔÉÏÎ ×ÁÔÅÒɀenergy nexus 
Cremades Roger1, Rothausen Sabrina G.S.A.2, Conway Declan3, Wang Jinxia4, Zou Xiaoxia5ȟ ,É 9ÕȭÅ5 
1International Max Planck Research School on Earth System Modeling (IMPRS-ESM), Hamburg, Germany, and; 

Research Unit, Sustainability and Global Change, University of Hamburg, Germany 
2Department of Geography, University of Copenhagen, Copenhagen, Denmark 
3Grantham Research Institute on Climate Change and the Environment, London School of Economics and 

Political Science, London, United Kingdom 
4Center for Chinese Agricultural Policy, Institute of Geographic Sciences and Natural Resources Research, 

Chinese Academy of Sciences, Beijing, 100101, P.R. China 
5Institute of Environment and Sustainable Development in Agriculture, Chinese Academy of Agricultural 

Sciences, 100081 Beijing, P.R. China 

28. A climate smart strategy to reduce risks and increase resilience of agricultural production systems 

in Colombia 
Ayarza Miguel Angel, Rojas Edwin, Aguilera Elizabeth, Bolaños Martha, Arce Blanca, Rodríguez Gonzalo, 

Martínez Juan Carlos, Bautista Luis 
Corporacion Colombiana de Investigacion Agropecuaria, Corpoica, Km 14, via Bogota- Mosquera, Bogota, 

Colombia 

29. Interpretation of GHG emissions from mixed crop, grassland and ruminant systems using the 

FarmSim model 
Carozzi Marco1, Martin Raphaël2, Klumpp Katja2, Borras David2, Eza Ulrich2, Rumpel Cornelia3, Créme 

Alexandra3, Le Roux Xavier4, Poly Frank4, Chabbi Abad3, Massad Raia Silvia1 
1INRA, AgroParisTech, UMR 1091 Environnement et Grandes Cultures, 78850 Thiverval- Grignon, France 
2).2!ȟ 52 ΦήέΪ 52%0 5ÎÉÔï ÄÅ 2ÅÃÈÅÒÃÈÅ ÓÕÒ Ìȭ%ÃÏÓÙÓÔîÍÅ 0ÒÁÉÒÉÁÌȟ άΩΧΦΦ #ÌÅÒÍÏÎÔ-Ferrand, France 
3BIOEMCO, UMR 7618, CNRS-INRA-ENS-Paris 6, bât EGER, 78850 Thiverval-Grignon, France 
4Université de Lyon, INRA, CNRS, Université Lyon 1, Microbial Ecology Centre (UMR 5557 CNRS, USC 1364 

INRA), Villeurbanne, France 

30. DAYCENT parameterization and uncertainty assessment for modelling Swiss crops 
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Necpalova Magdalena, Lee Juhwan, Six Johan 
ETH-Zurich, Sustainable Agroecosystems, Tannenstrasse 1, 8092 Zurich, Switzerland 

31. The yield response of intercrop system to rainfall changes on the southern slopes of Mt. Kenya in 

Embu 
Kanampiu Fred1, Njeru M.James1, Kitonyo Onesmus2, Micheni Alfred3 
1International Maize and Wheat Improvement Centre, P.O. Box 1041-00621, Nairobi, Kenya 
2The University of Adelaide, Adelaide SA 5005, Australia 
3Kenya Agricultural Research Institute, P.O. Box 27-60100, Embu, Kenya 

32. Rain water harvest technology as a tool for climate smart agriculture for small holder farmer in 

Bangladesh 
Abdullah Hasan Muhammad, Ahamed Tofayel, Miah Md Gisahuddin, Rahman Mezanur 
Department of Agroforestry and Environment, Bangabandhu Sheikh Mujibur Rahman Agricultural University, 

Gazipur-1706, Bangladesh 

33. Greenhouse gases emission efficiency of alternative tillage practices in wheat farming systems of 

Bangladesh 
Aravindakshan Sreejith1, Tittonell Pablo1, Krupnik T.J.2, Scholberg J.M.S.1, Groot J.C.J.1, Rossi Frederick2 
1Farming Systems Ecology Group, Wageningen University, 6708PB, Wageningen, the Netherlands 
2International Maize and Wheat Improvement Center (CIMMYT), Bangladesh Country Office, Dhaka, 1212, 

Bangladesh 

34. Enabling synergies between development, climate change and conservation through land use 

practices portfolio approach 
Duguma Lalisa A., Minang Peter A. 
World Agroforestry Centre, P.O .Box 30677 -00100 Un Avenue Gigiri, Nairobi, Kenya 

35. Coffee agroforestry systems in Peru ɀ a double dividend for biodiversity and small scale farmers? 
Jezeer Rosalien E.1, Verweij Pita A.1, Boot Rene G.A.2 
1Utrecht University, Copernicus Institute of Sustainable Development, Section of Energy and Resources, 3584 

CS, Utrecht, the Netherlands 
2Tropenbos International, 6701 AN Wageningen, and Utrecht University, department of Biology, Section of 

Ecology & Biodiversity, 3584 CH Utrecht, the Netherlands 

36. Soil carbon input by below- and above-ground biomass in rainfed cropping systems in the 

highlands, Madagascar 
Laingo Irintsoa Rasolofo1, Naudin Krishna2, Botoela Odom1, Razafimbelo Tantely3 
1FOFIFA Ampandrianomby, BP 1690 Antananarivo 101, Madagascar 
2UPR AIDA, CIRAD, F-34398 Montpellier, France 
3Laboratoire des Radio-)ÓÏÔÏÐÅÓ ɉ,2)Ɋȟ 5ÎÉÖÅÒÓÉÔï Äȭ!ÎÔÁÎÁÎÁÒÉÖÏȟ "0ΩΩήΩȟ !ÎÔÁÎÁÎÁÒivo 101, Madagascar 

37. Climate Smart livestock development in natural and improved savannas of an extensive ranch in 

central Africa (RDC) 
Lecomte Phillipe1, Duclos A.1,2, Juanes Xaveir1, Ndao Séga3, De Crem Ph.4, Vigne Mathieu1, Blanfort 

Vincent1 
1CIRAD, UMR Selmet, Montpellier, France 
2UMRH Clermont, France 
3ISRA, CRZ Kolda, Senegal 
4Orgaman-JVL, Kinshasa, RD Congo 
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38. Targeting CSA in Southern Tanzania under multiple uncertainties 
Lamanna Christine1, Rosenstock Todd S.1,2, Luedeling Eike3 
1World Agroforestry Centre (ICRAF), Nairobi, Kenya 
2CGIAR Research Program on Climate Change, Agriculture, and Food Security (CCAFS), Nairobi, Kenya 
3World Agroforestry Centre (ICRAF), Bonn, Germany 

39. Opportunities and limitations of emissions intensity as a metric for climate change mitigation 

from the livestock sector 
Schulte Rogier P.O.1, Reisinger Andy2, Clark Harry2, Donnellan Trevor1, Lanigan Gary1 
1Teagasc, Wexford, Co. Wexford, Ireland 
2New Zealand Agricultural Greenhouse Gas Research Centre, Palmerston North 4442, New Zealand 

40. Climate smart agriculture from field to farm scale: a model based approach for Southern Africa 
Berre David1, Mutenje Munyaradzi J.1, Corbeels Marc2, Rusinamhodzi Leonard3, Thierfelder Christian1, 

Lopez Ridaura Santiago4 
1CIMMYT-Zimbabwe. CIMMYT Regional Office, 12.5 Km Peg Mazowe Road, P.O. Box MP163, Mt Pleasant, 

Harare, Zimbabwe 
2CIRAD - Agroecology and Sustainable Intensification of Annual Crops (AIDA)C/O Embrapa-Cerrados, Km 18, 

BR 020 ɀ Rodovia, Brasília/Fortaleza, CP 08223 CEP 73310-970, Planaltina, DF, Brazil 
3CIRAD- Agroecology and Sustainable Intensification of Annual Crops (AIDA)- c/o CIMMYT Regional Office, 

12.5 Km Peg Mazowe Road, P.O. Box MP163, Mt Pleasant, Harare, Zimbabwe 
4CIMMYT-CCAFS, Texcoco, Mexico 

41. Mainstreaming climate smart agriculture practices through climate smart villages: scalable 

evidences from South Asia 
Jat M.L.1, Ridaura S.L.2, Stirling C.M.3, Aryal J.P.1, Jat R.K.4, Sidhu H.S.5, Mittal S.1, Sapkota T.B.1, Sikka 

A.K.6, Aggarwal P.K.7 
1International Maize and Wheat Improvement Centre (CIMMYT), NASC Complex, New Delhi-110 012, India 
2International Maize and Wheat Improvement Centre (CIMMYT), El-Batan, Texcoco, Mexico 
3International Maize and Wheat Improvement Centre (CIMMYT), Wales, United Kingdom 
4Borlaug Institute for South Asia (BISA), CIMMYT, Pusa, Samastipur, Bihar, India 
5Borlaug Institute for South Asia (BISA), CIMMYT, Ludhiana, Punjab, India 
6Indian Council of Agricultural Research (ICAR), New Delhi, India 
7Climate Change, Agriculture and Food Security (CCAFS), IWMI, NASC Complex, New Delhi -110 012, India 

42. Towards a scalable framework for evaluating and prioritizing climate-smart agriculture practices 

and programs 
Corner-Dolloff Caitlin1, Jarvis Andrew1,2, Loboguerrero Ana Maria2, Lizarazo Miguel2, Nowak Andreea1, 

Andrieu Nadine1,3, Howland Fanny1, Smith Cathy4, Maldonado Jorge5, Gomez John5, Rosenstock Todd S.6, 

Girvetz Evan H.1 
1International Center for Tropical Agriculture (CIAT), Decision and Policy Analysis, Cali, Colombia 
2CGIAR research program on Climate Change, Agriculture, and Food Security (CCAFS), Cali, Colombia 
3Centre de ÃÏÏÐïÒÁÔÉÏÎ ÉÎÔÅÒÎÁÔÉÏÎÁÌÅ ÅÎ ÒÅÃÈÅÒÃÈÅ ÁÇÒÏÎÏÍÉÑÕÅ ÐÏÕÒ ÌÅ ÄïÖÅÌÏÐÐÅÍÅÎÔ ɉ#)2!$Ɋȟ ,ȭ5ÎÉÔï -ÉØÔÅ 

ÄÅ 2ÅÃÈÅÒÃÈÅ )ÎÎÏÖÁÔÉÏÎ ÅÔ $ïÖÅÌÏÐÐÅÍÅÎÔ ÄÁÎÓ Ìȭ!ÇÒÉÃÕÌÔÕÒÅ ÅÔ Ìȭ!ÇÒÏÁÌÉÍÅÎÔÁÉÒÅȟ -ÏÎÔÐÅÌÌÉÅÒȟ &ÒÁÎÃÅ 
4Twin Oaks Research, 16640, Flinton, PA, USA 
5Universidad de los Andes, Bogotá, Colombia 
6World Agroforestry Center (ICRAF), Nairobi, Kenya 

43. Repeated inputs of organic matter in the long term protect soils from global changes 
Feder Frédéric1, Diallo Falilou2, Ntoma Rachel2,3, Masse Dominique2, Diome Farid3, Akpo Léonard Elie3 
1CIRAD, UPR Recyclage et risque, BP 1386, 18524 Dakar, Senegal 
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2IRD, UMR 210 Eco&Sols, BP 1386, 18524 Dakar, Senegal 
3UCAD, faculté des sciences et techniques, Dakar, Senegal 

 

 

44. The use of agroforestry practices by dairy farmers in Malawi 
Arakelyan Irina 
Scotland's Rural College (SRUC) and The University of Edinburgh, SRUC, Kings Buildings, West Mains Road, 

Edinburgh, EH9 3JG, United Kingdom 

45. Towards climate-smart dairy value chains in Tanzania 
Notenbaert An1, Paul B.1, Fraval S.2, Morris J.4, Ran Y.5, Herrero Mario5, Mugatha S.2, Lannerstad M.2, 

Barron J.4 
1CIAT (International Center for Tropical Agriculture), PO Box 823-00621, Nairobi, Kenya 
2ILRI (International Livestock Research Institute), PO Box 30709-00100, Nairobi, Kenya 
3SEI (Stockholm Environment Institute), University of York, Heslington, York YO10 5DD, United Kingdom 
4SEI (Stockholm Environment Institute), PO Box 242 18, 104 51 Stockholm, Sweden 
5CSIRO (Commonwealth Scientific and Industrial Research Organisation), Brisbane, Australia 

46. Adapting pest management practices in sub-Saharan horticultural cropping systems in the 

context of climate change 
Ratnadass Alain, Chailleux Anaïs, Martin Thibaud, Simon Serge, Vayssières Jean-François 
CIRAD, UPR HortSys, TA B-103/C, Campus international de Baillarguet, 34398 Montpellier Cedex 5, France 

47. Promoting Climate Smart Agriculture in Nigeria: Household strategies and determinants among 

farmers 
Ali G.A.1, Sanni M.M.1, Ademiju T.A.2, Ilevbare O.E.1 
1National Centre for Technology Management (NACETEM), Federal Ministry of Science and Technology, 

Obafemi Awolowo University, Ile ɀ Ife, Nigeria 
2Dept. of Agricultural and Environmental Engineering, Obafemi Awolowo University, Ile-Ife, Nigeria 

48. Climate forecast, sustainable land and practices management, useful tools for implementation a 

climate smart village 
Ndour Ndeye Yacine Badiane1, Ndiaye Ousmane2, Sall Moussa1, Sanogo Diaminatou1, Toure Katim1, Thiam 

Djibril3, Moussa Abdoulaye4,5, Ouedraogo Mathieu4,5, Bayala Jules6, Zougmore Robert4,5 
1ISRA. Institut Senegalais de Recherches Agricoles, BP 3120, Bel Air, Dakar Senegal 
2!.!#)-Ȣ !ÇÅÎÃÅ .ÁÔÉÏÎÁÌ ÄÅ Ìȭ!ÖÉÁÔÉÏÎ #ÉÖÉÌÅ ÅÔ ÄÅ ÌÁ -ïÔïÏÌÏÇÉÅȟ "0 ήΧήΪȟ $ÁËÁÒ-Yoff, Senegal 
3AGRECOL. Agrecol Afrique, Quartier Dixième, BP 347, Thiès, Senegal 
4ICRISAT: International Crops Research Institute for the semi-arid tropics, BP 320, Bamako, Mali 
5CCAFS. Regional Program Leader CCAFS West Africa, ICRISAT, BP 320, Bamako, Mali 
6ICRAF. World Agroforestry Center, West and Central Africa Region ICRAF-WCA/Sahel B.P. E5118 Bamako, 

Mali 

49. Characterization of biochar properties derived from willow plant biomass for carbon 

sequestration and agricultural use 
Irfan Muhammad, Lin Qimei, Li Guitong 
College of Resources and Environmental Sciences, China Agricultural University, 10093 Beijing, China 

50. Assessing mitigation potential of agricultural practices in tropical, developing country systems 
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Richards Meryl1,2, Metzel Ruth3, Chirinda Ngonidzache4, Ly Proyuth5, Nyamadzawo George6, Quynh 

Vuduong7, Shi Yuefeng8, de Neergaard Andreas9, Oelofse Myles9, Wollenberg Eva1,2, Rosenstock Todd10 
1CGIAR Research Program on Climate Change, Agriculture and Food Security 
2Gund Institute, University of Vermont, Burlington VT 05405, USA 
3Yale School of Management & Yale School of Forestry and Environmental Studies, New Haven CT 06511, USA 
4International Center for Tropical Agriculture, Cali 6713, Colombia 
5United Nations Development Programme, Phnom Penh, Cambodia 
6Department of Soil Science and Agricultural Engineering, University of Zimbabwe, Harare, Zimbabwe 
7Institute for Agricultural Environment, Vietnamese Academy of Agricultural Sciences, Hanoi, Vietnam 
8College of Resources and Environmental Sciences, China Agricultural University, Beijing 100193, China 
9Department of Plant and Environmental Sciences, University of Copenhagen, Frederiksberg C 1871, Denmark 
10World Agroforestry Centre, Nairobi 00100, Kenya 

51. PERPHECLIM ACCAF Project - Perennial fruit crops and forest phenology evolution facing climatic 

changes 
Garcia de Cortazar-Atauri Iñaki1, Audergon Jean Marc2, Bertuzzi Patrick1, Anger Christel3, Bonhomm, Marc4, 

Chuine Isabelle5, Davi Hendrik6, Delzon Sylvain7, Duchêne Eric8, Legave Jean Michel9, Pichot Christian6, 

Raynal Hélène10, Van Leeuwen Cornelis11, PERPHECLIM Team12 
1INRA, US 1116 AGROCLIM, F-84914 Avignon, France 
2INRA, UR 1052 GAFL, F-84143 Avignon, France 
3INRA, UE 0995 GBFOR, F-45075 Orleans, France 
4INRA, UMR 0547 PIAF, F-63039 Clermont-Ferrand, France 
5CNRS, UMR 5175 CEFE, F-34293 Montpellier, France 
6INRA, UR 0629 URFM, F-84914 Avignon, France 
7INRA, UMR 1202 BIOGECO, F-33612 Cestas, France 
8INRA, UMR 1131 SVQV, F-68000 Colmar, France 
9INRA/CIRAD, UMR 1334 AGAP, F-34060 Montpellier, France 
10INRA, UR 0875 MIAT, F-31326 Castanet-Tolosan, France 
11Bordeaux Sciences Agro/INRA, UMR 1287 EGFV, F-33883 Bordeaux, France 
12INRA, UEVT - BFP - IRHS - AGPF - HORTI - ARBO - DIASCOPE - UVV - Vassal - UEFL - Pech Rouge - EPHYSE - 

EEF - URGI - UEFM, France 

52. Potential for biochar to mitigate N2O emissions is minimal at the field scale and in upland 

cropping systems 
Verhoeven Elizabeth1,2, Pereira Engil1,2, Decock Charlotte2, Suddick Emma1,3, Angst Teri1, Six Johan1,2 
1Department of Plant Sciences, University of California, Davis.  One Shields Avenue, Davis, California, 95616, 

USA 
2Department of Environmental Systems Sciences, Institute of Agricultural Sciences, Swiss Federal Institute of 

Technology, ETH-Zurich, Zurich, Switzerland 
3Department of Earth, Ocean, and Atmospheric Sciences, Florida State University. Tallahassee, FL, 32306, USA 

53. Facilitating climate adaptation in irrigated agriculture with decision support systems: El Molino 

platform  
Meza Francisco1,2, Poblete David1 , Vicuña Sebastian1, Gurovich Luis1,2, Miranda Marcelo1,2, Melo Oscar1,2 
1Centro Interdisciplinario de Cambio Global. Pontificia Universidad Católica de Chile. Av Vicuna Mackenna 

4860. Macul. Santiago, Chile 
2Facultad de Agronomía e Ingeniería Forestal. Pontificia Universidad Católica de Chile. Av Vicuna Mackenna 

4860. Macul. Santiago, Chile 

54. A model-based approach for adapting cropping systems to climate change 
Mottes Charles1,2, Makowski David1,2, Doré Thierry2,1 
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1INRA ɀ UMR 211 Agronomie ɀ F-78850 Thiverval-Grignon, France 
2AgroParisTech ɀ UMR 211 Agronomie ɀ F-78850 Thiverval-Grignon, France 

55. Tweaking the system: optimization of mitigation strategies in smallholder flooded rice systems 
de Neergaard Andreas1, Ly Proyuth1, Vu Quynh Duong2, Pandey Arjun1, Islam Syed1, Tariq Azeem1, Jensen 

Lars Stoumann1 
1University of Copenhagen, Plant and Environmental Sciences, Copenhagen, Denmark 
2Institute for Agricultural Environment, Vietnamese Academy of Agricultural Sciences, Hanoi, Vietnam 

56. Effect of coated and uncoated dietary nitrate on dairy cow health and dairy product quality 
Van Adrichem Peter S.J.1, Heck Jeroen M.L.2, Perdok Hink B.1, Rademaker Jan L.W.3, Newbold John R.1 
1Cargill Innovation Center, Veilingweg 23, 5334 LD Velddriel, the Netherlands 
2Nederlandse Zuivel Organisatie, Benoordenhoutseweg 46, 2596 BC Den Haag, the Netherlands 
3Qlip, Oostzeestraat 2a, 7202 CM Zutphen, the Netherlands 

57. Rainwater harvesting and conservation: climate smart sustainable techniques for homestead and 

cropland production 
Botha J.J., Anderson J.J. 
ARC-Institute for Soil, Climate and Water, Private Bag X01, Glen, 9360, South Africa 

58. Pathways for Climate Smart Agriculture (CSA) in the drylands of Africa 
Aune Jens B.1, Adama Coulibaly2, ElGailani Abdalla3, Abdelrahman Ousman3 
1Department of International Environment and Development Studies, Noragric, Norwegian University of Life 

Sciences,1432 Aas, Norway 
2)ÎÓÔÉÔÕÔÅ Äȭ%ÃÏÎÏÍÉÅ 2ÕÒÁÌÅȟ 3ÏÔÕÂÁȟ 0Ȣ/Ȣ "ÏØ ΨΫήȟ "ÁÍÁËÏȟ -ÁÌÉ 
3Agricultural Research Corporation/ElObeid Research Station, ElObeid, Sudan 

59. Climate-smart agriculture: panacea, propaganda or paradigm shift? 
Rosenstock Todd S.1, Lamanna Christine2, Tully Katherine L.3, Corner-Dolloff Caitlin4, Lazaro Miguel4, 

Girvetz Evan H.5 
1World Agroforestry Centre (ICRAF) and CGIAR Research Program on Climate Change, Agriculture and Food 

Security, PO Box 30677-00110, Nairobi, Kenya 
2World Agroforestry Centre (ICRAF), PO Box 30677-00110, Nairobi, Kenya 
3University of Maryland, 2108 Plant Sciences Building, College Park, MD, 20742, USA 
4International Center for Tropical Agriculture, Km 17, Recta Cali-Palmira, Apartado Aereo 6713, Cali, Colombia 
5International Center for Tropical Agriculture, PO Box 823-00621, Nairobi, Kenya 

60. Evaluating agricultural mitigation and scaling up climate-smart practices using the FAO EX-Ante 

Carbon-balance Tool 
Bernoux Martial1, Bockel Louis2, Grewer Uwe2, François Jean-Luc3, Rossin Nicolas4, Braimoh Ademola5 
1IRD, UMR Eco&Sols, 34060 Montpellier, France 
2FAO, ESA, 00153 Rome, Italy 
3AFD, ARB, Paris, France 
4AFD, CLI, Paris, France 
5World Bank, Washington DC, USA 

61. Characterization, stability, availability of nutrients and microbial effects of kiln produced biochars 
Purakayastha T.J.1, Savita Kumari1, Pathak H.2 
1Division of Soil Science and Agricultural Chemistry, Indian Agricultural Research Institute, New Delhi 110012, 

India 
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2Center for Environmental Science and Climate Resilient Agriculture, Indian Agricultural Research Institute, 

New Delhi 110012, India 

62. Effect of pyrolysis temperatures on stability and priming effects of C3 and C4 biochars applied to 

two different soils 
Purakayastha T. J.1, Das K.C. 2, Gaskin Julia3, Harris Keith2, Smith J. L.4, Savita Kumari1 
1Division of Soil Science and Agricultural Chemistry, Indian Agricultural Research Institute, New Delhi 110 012, 

India 
2College of Engineering, Driftmier Engineering Center, University of Georgia, Athens GA 30602-4435, USA 
3Department of Crop and Soil Sciences, the University of Georgia, Athens, GA 30602-4435, USA 
4USDA-ARS, Pacific West Area Land Management and Water, Conservation Research Unit, Pullman, WA 

99164-6421, USA 

63. Smallholders farm carbon footprint reduced by agroecological practices (Highlands & East Coast, 

Madagascar) 
Rakotovao Narindra1, Razakaratrimo Joyce1, Razafimbelo Tantely1, Deffontaines Sylvain2, 

Rakotosamimanana Stéphan2, Jahiel Michel3,4, Albrecht Alain5 
1,ÁÂÏÒÁÔÏÉÒÅ ÄÅÓ 2ÁÄÉÏÉÓÏÔÏÐÅÓȟ 5ÎÉÖÅÒÓÉÔï Äȭ!ÎÔÁÎÁÎÁÒÉÖÏȟ "0 3383, Antananarivo, Madagascar 
2Agrisud International, Lot VB7 Ambatoroka, 101 Antananarivo, Madagascar 
3Centre Technique Horticole de Tamatave, BP 11, Tamatave, Madagascar 
4Cirad UR HortSys, BP 11, Tamatave, Madagascar 
5Institut de Recherche pour le Développement, UMR Eco&Sols, 34060 Montpellier, France 

64. Climate Smart Agriculture imperative in Nepal: prospect and challenges 
Gurung Jayakumar1, Sainjoo Snehalata1, Regmi Punya1, Devkota Laxmi1, Khatri-Chhetri Arun2, Aggarwal 

Pramod2 
1Nepal Development Research Institute (NDRI), P.O. Box 8975, EPC 2201, Pulchowk, Lalitpur Nepal 
2CGIAR Research Program on Climate Change, Agriculture and Food Security (CCAFS), International Water 

Management Institute ɀ New Delhi Office, NASC Complex, CG Block, DPS Marg, PUSA | New Delhi 110012, 

India 

65. Big data from small farms: analysis of drivers of food security across farming systems in sub 

Saharan Africa 
van Wijk Mark T.1, Frelat Romain1,2, Lopez Ridaura Santiago 2, van Asten Piet3, Djurfeldt Anders4, 

Douxchamps Sabine5, Paul Birthe6, Ritzema Randall7, Rodriguez Daniel8, Giller Ken E.9, Herrero Mario10 
1ILRI, Nairobi, Kenya 
2CIMMYT, Mexico DF, Mexico 
3IITA, Kampala, Uganda 
4Lund University, Lund, Sweden 
5ILRI, Ouagadougou, Burkina Faso 
6CIAT, Nairobi, Kenya 
7ILRI, Addis Abeba, Ethiopia 
8University of Queensland, Toowoomba, Australia 
9Wageningen University, Wageningen, the Netherlands 
10CSIRO, Brisbane, Australia 

66. Participatory action research in climate-smart villages of Tanzania: fast track for new potato 

resilient varieties 
Harahagazwe Dieudonné1, Quiroz Roberto2, Sayula George3, Brush Gladness3, Msoka Elizabeth4, Rimoy 

Mary4 
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1International Potato Center (CIP), Production Systems and the Environment, P.O. Box 25171-00603, Nairobi, 

Kenya 
2International Potato Center (CIP), Production Systems and the Environment, P.O. Box 1558, Lima 12, Peru 
3Northern Zone Agricultural Research Institute (NZARDI), Integrated Soil Fertility Management, P.O. Box 6024, 

Arusha, Tanzania 
4District Agricultural Irrigation and Cooperatives Office, Horticulture department, Lushoto, Tanzania 

 

67. Prospects of climate smart agriculture (CSA) under low-input and rain-fed conditions in southern 

Africa 
Rusinamhodzi Leonard1, Thierfelder Christian2, Berre David2, Lopez Ridaura Santiago3 Mkuhlani Siyabusa2, 

Nyagumbo Isaiah2, Corbeels Marc4 
1CIRAD-Annual Cropping Systems C/O CIMMYT, P.O. Box MP163, Mt Pleasant, Harare, Zimbabwe 
2CIMMYT, P.O. Box MP163, Mt Pleasant, Harare, Zimbabwe 
3CIMMYT, Apdo. Postal 6-641 06600 Mexico, D.F., Mexico 
4CIRAD-Annual Cropping Systems C/O Embrapa-Cerrados, BR 020 ɀ Rodovia Brasília/Fortaleza, Planaltina, DF, 

Brazil 

68. Climate change, promising technologies and ex ante analysis of impacts on agriculture and food 

security to 2050 
Wiebe Keith1, Robinson Sherman1, Mason-$ȭ#ÒÏÚ $ÁÎÉÅ1, Islam Shahnila1, Robertson Richard1, Cennachi 

Nicola1, Rosegrant Mark1, Creamer Bernardo2, Sika Gbegbelebge3, Hareau Guy4, Kleinwechter Ulrich5, 

Nedumaran Swamikannu6, Mottaleb Khondoker7 
1International Food Policy Research Institute, 2033 K St NW, Washington DC 20006, USA 
2formerly International Center for Tropical Agriculture, Km 17, Recta Cali-Palmira, Apartado Aéreo 6713, Cali, 

Colombia 
3International Maize and Wheat Improvement Center, Apdo. Postal 6-641 06600 Mexico, D.F., Mexico 
4International Potato Center, Avenida La Molina 1895, La Molina, Apartado Postal 1558, Lima, Peru 
5International Institute for Applied Systems Analysis, Schlossplatz 1, A-2361 Laxenburg, Austria 
6International Crops Research Institute for the Semi-Arid Tropics, Patancheru 502324, Telangana, India 
7formerly International Rice Research Institute, DAPO Box 7777, Metro Manila 1301, Philippines 

69. Strategies for developing climate resilient genotypes of rice and chickpea 
Chaturvedi Ashish K., Pal Madan 
Division of Plant Physiology, Indian Agricultural Research Institute, New Delhi-110012, India 

70. Simulation of spot blotch in wheat as strategic decision support for adaptation practice in 

changing scenario 
Viani Ali1*, Sinha P.1, Pathak Himanshu2, Rashmi Aggarwal1 
1Division of Plant Pathology, Indian Agricultural Research Institute, New Delhi, 110012, India 
2Centre of Environmental Sciences and Climate Resilient Agriculture, Indian Agricultural Research Institute, 

New Delhi, 110012, India 
*Current address: Department of Plant Protection, Faculty of Agriculture, Yasouj University, Yasouj, Iran 

71. To evaluate reforestation in farms: a tool for smallholders and the sustainability of their initiatives 

(EvaRefo) 
Mejía Nelson1, Fallot Abigail2,3, McTavish Heather4,5 
1ESNACIFOR, Forest Research Department, PO 2, Siguatepeque, Honduras 
2CATIE 7170 30 501 Turrialba, Costa Rica 
3CIRAD UPR GREEN, Campus International de Baillarguet, 34398 Montpellier Cedex 05, France 
4Reventazón Model Forest Alliance, CATIE 7170 30 501 Turrialba, Costa Rica 
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5Cuso International, 44 Eccles St #200, Ottawa, ON K1R 7K2, Canada 

72. Backyard potted yam cultivation in Abuja, Nigeria 
Adedotun Oke Michael 
Foundation No Tafida Tal Avenue Compensation Layout Gwagwalada, P.O. Box 11611, Garki Abuja, Nigeria 

73. Meta-analysis of the effect of dietary nitrate on enteric methane emissions in ruminants 
Veneman Jolien B.1,2, Newbold Charles J.2 
1Cargill Innovation Center, 5334 LD, Velddriel, the Netherlands 
2IBERS, Aberystwyth University, SY23 3DA, Aberystwyth, United Kingdom 

74. Climate smart strategies to strengthened coffee farmers adaptive capacity to climate change 
Asayehegn Kinfe1,3, Temple Ludovic2, Iglesias Ana3, Pedelahore Philippe2,Triomphe Bernard2 
1Université Montpellier, France 
2CIRAD, Montpellier, France 
3Universidad Politécnica de Madrid, Spain 

75. Linking agricultural adaptation strategies and food security: evidence from West Africa 
Douxchamps Sabine1, Van Wijk Mark T.2, Silvestri Silvia2, Moussa Abdoulaye S.3, Quiros Carlos2, Ndour 

Ndèye Yacine B.4, Buah Saaka5, Somé Léopold6, Herrero Mario2,7, Kristjanson Patricia8, Ouedraogo 

Mathieu3, Thornton Philip K.9, Van Asten Piet10, Zougmoré Robert3, Rufino Mariana C.2,11 
1International Livestock Research Institute (ILRI), c/o CIFOR, 06 B.P. 9478, Ouagadougou, Burkina Faso 
2International Livestock Research Institute (ILRI), PO Box 30790, Nairobi 00100, Kenya 
3International Crops Research Institute for the Semi-Arid Tropics (ICRISAT), Bamako B.P. 320, Bamako, Mali 
4Institut Sénégalais de Recherche Agricole (ISRA), Dakar, Senegal 
5Council for Scientific and Industrial Research-Savanna Agricultural Research Institute (CSIR-SARI), P. O. Box 

494, Wa, Ghana 
6)ÎÓÔÉÔÕÔ .ÁÔÉÏÎÁÌ ÄÅ Ìȭ%ÎÖÉÒÏÎÎÅÍÅÎÔ ÅÔ ÄÅ 2ÅÃÈÅÒÃÈÅÓ !ÇÒÉÃÏÌÅÓ ɉ).ERA), Kaboinsé, Burkina Faso 
7Commonwealth Scientific and Industrial Research Organisation (CSIRO), 306 Carmody Road, St Lucia, QLD 

4067, Australia 
8World Agroforestry Centre (ICRAF), United Nations Avenue, Gigiri, PO Box 30677, Nairobi 00100, Kenya 
9CGIAR Research Program on Climate Change, Agriculture and Food Security (CCAFS), ILRI, PO Box 3079, 

Nairobi 00100, Kenya 
10International Institute for Tropical Agriculture (IITA), Kampala, Uganda 
11Centre for International Forestry Research (CIFOR), PO Box 30677, Nairobi, Kenya 

76. Quantifying greenhouse gas emissions and carbon storage at the local scale in the U.S. 
Marlen D. Eve, Walsh Meg 
U.S. Dept of Agriculture, Climate Change Program Office, 1400 Independence Ave SW, Rm 4407 South 

Building, Washington, DC 20250, USA 

77. A systemic approach to evaluate shea parklands as possible smart agriculture to be intensified in 

Sudanese Africa 
Seghieri Josiane, et al. (all the RAMSES project team, i.e., 8 French joint research units + African partners: 

INRAB-Benin + INERA Burkina Faso) 
- IRD - UMR HydroSciences Montpellier, Université Montpellier, 2, Place Eugène Bataillon - CC MSE, 34095, 

Montpellier cedex 5, France 
- IRD - UMR ECO&SOLS, 2, Place Viala, Campus La Gaillarde SupAgro-INRA bât. 12, 34060 Montpellier 

cedex2, France 
- University of Rennes 2 - UMR LETG, Place du recteur Henri Le Moal, CS 24307, 35043 Rennes cedex, France 
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- Université of Paris 7 - UMR LIED, 10 Rue Alice Domont et Léonie Duquet, Bâtiment Condorcet - case 7040, 

75013 Paris, France 
- IRD - UMR GRED, 911 Avenue Agropolis, BP 64501, 34394 Montpellier Cedex 5, France 
- IRD - UMI RESILIENCES, 32 Avenue Henri Varagnat, IRD France Nord, 93140 Bondy, France 
- Ecole Nationale de Formation Agronomique - UMR Dynamiques Rurales, 2 Route de Narbonne, BP 22687, 

31326 Castanet Tolosan, France 
- Institut National de Recherche Agronomique du Bénin (INRAB),  08 BP 0220 Cotonou, Benin 
-Institut de l'Environnement et des recherches Agricoles (INERA) 03 BP. 7047, Ouagadougou, Burkina Faso 

78. Participatory methodology of agricultural extension to Climate Smart Agriculture development: a 

case in Brazil 
Guyot Marina Souza Dias 
ESALQ/ UNIVERSITY OF SAO PAULO. Applied Ecology Program. Av. Pádua Dias, 11. 13418-900. Piracicaca, 

Brazil 

L2.2 FACING CLIMATIC VARIABILITY AND EXTREMES 

79. Consequences of high temperatures and drought on peach fruit production strongly depend on 

their period of occurrence 
Adra Fatima1, Vercambre Gilles1, Plenet Daniel1, Bakan Bénédicte2, Noblet Agathe3, Ammar Aroua1, 

Mickael Maucourt4,5, Stéphane Bernillon3,5, Catherine Deborde3,5, Moing Annick3,5, Gibon Yves3,5, Gautier 

Hélène1 
1INRA, UR1115 Plantes et Systèmes de culture Horticoles, Domaine St Paul, Site Agroparc, 84914 Avignon, 

France 
2INRA, UMR 1268, B.I.A, rue de la Géraudière, BP71627 44316 Nantes, France 
3INRA, UMR1332, Biologie du Fruit et Pathologie, 71 av EÄÏÕÁÒÄ "ÏÕÒÌÁÕØȟ ΩΩΧΪΦ 6ÉÌÌÅÎÁÖÅ Äȭ/ÒÎÏÎȟ &ÒÁÎÃÅ 
45ÎÉÖȢ "ÏÒÄÅÁÕØȟ "ÉÏÌÏÇÉÅ ÄÕ &ÒÕÉÔ ÅÔ 0ÁÔÈÏÌÏÇÉÅȟ έΧ ÁÖ %ÄÏÕÁÒÄ "ÏÕÒÌÁÕØȟ ΩΩΧΪΦ 6ÉÌÌÅÎÁÖÅ Äȭ/ÒÎÏÎȟ &ÒÁÎÃÅ 
5Plateforme Métabolome du Centre de Génomique Fonctionnelle Bordeaux, MetaboHUB, IBVM, Centre INRA 

"ÏÒÄÅÁÕØȟ έΧ ÁÖ %ÄÏÕÁÒÄ "ÏÕÒÌÁÕØȟ ΩΩΧΪΦ 6ÉÌÌÅÎÁÖÅ Äȭ/ÒÎÏÎȟ &ÒÁÎÃÅ 

80. Reducing uncertainty in prediction of wheat performance under climate change 
Martre Pierre1,2, Asseng Senthold3, Ewert Frank4, Rötter Reimund5, Lobell David6, Cammarano Davide1, 

Kimball Bruce7, Ottman Mike8, Wall Gerard7, White Jeffrey7, Reynolds Matthew9, Alderman Phillip9, Prasad 

Vara10, Aggarwal Pramod11, Anothai Jakarat12, Basso Bruno13, Biernath Christian14, Challinor Andy15,16, De 

Sanctis Giacomo17,18, Doltra Jordi19, Fereres E.20, Garcia-Vila Margarita20, Gayler Sebastian21, Hoogenboom 

Gerrit12, Hunt Anthony22, Izaurralde Cézar23,24, Jabloun M.25, Jones Curtis23, Kersebaum Christian26, Koehler 

Ann-Kristin15, Müller Christoph27, Naresh Kumar Soora28, Nendel Claas26ȟ /ȭ,ÅÁÒÙ 'ÁÒÒÙ29, Olesen Jorgen 

E.25, Palosuo Taru5, Priesack Eckart14, Eyshi Rezaei Ehsan2, Ruane Alex30, Semenov Mikhail31, Shcherbak 

Iruii13, Stöckle Claudio32, Stratonovitch Pierre31, Streck Thilo33, Supit Iwan34, Tao Falu5,35, Thorburn Peter36, 

Waha Katharina27, Wang Enli37, Wallach Daniel38, Wolf Joost34, Zhao Z.39,37, Zhu Yan40 
1INRA, UMR1095 Genetic, Diversity and Ecophysiology of Cererals (GDEC), F-63 100 Clermont-Ferrand, France 
2Now at INRA, UMR759 Laboratoire d'Ecophysiologie des Plantes sous Stress Environnementaux, Place Viala, 

F-34 060 Montpellier, France 
3Agricultural & Biological Engineering Department, University of Florida, Gainesville, FL 32611, USA 
4 Institute of Crop Science and Resource Conservation INRES, University of Bonn, 53115, Germany 
5Plant Production Research, MTT Agrifood Research Finland, FI-50100 Mikkeli, Finland 
6Department of Environmental Earth System Science and Center on Food Security and the Environment, 

Stanford University, Stanford, CA 94305, USA 
7USDA, Agricultural Research Service, U.S. Arid-Land Agricultural Research Center, Maricopa, AZ 85138, USA 
8The School of Plant Sciences, University of Arizona, Tucson, AZ 85721, USA 
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9CIMMYT Int. Adpo, D.F. Mexico 06600, Mexico 
10Department of Agronomy, Kansas State University, Manhattan, KS 66506, USA 
11CGIAR Research Program on Climate Change, Agriculture and Food Security, International Water 

Management Institute, New Delhi-110012, India 
12Biological Systems Engineering, Washington State University, Prosser, WA 99350-8694, USA 
13Department of Geological Sciences and W.K. Kellogg Biological Station, Michigan State University East 

Lansing, Michigan 48823, USA 
14Institute of Soil Ecology, Helmholtz Zentrum München - German Research Center for Environmental Health, 

Neuherberg, D-85764, Germany 
15Institute for Climate and Atmospheric Science, School of Earth and Environment, University of Leeds, Leeds 

LS29JT, United Kingdom 
16CGIAR-ESSP Program on Climate Change, Agriculture and Food Security, International Centre for Tropical 

Agriculture (CIAT), A.A. 6713, Cali, Colombia 
17INRA, US1116 AgroClim, F- 84 914 Avignon, France 
18Now at European Commission Joint Research Center, via Enrico Fermi, 2749 Ispra, 21027 Italy 
19Cantabrian Agricultural Research and Training Centre (CIFA), 39600 Muriedas, Spain 
20IAS-CSIC and University of Cordoba, Apartado 4084, Cordoba, Spain 
21WESS-Water & Earth System Science Competence Cluster, University of Tübingen, 727074 Tübingen, 

Germany 
22Department of Plant Agriculture, University of Guelph, Guelph, Ontario, N1G 2W1, Canada 
23Dept. of Geographical Sciences, Univ. of Maryland, College Park, MD 20742, USA 
24Texas A&M AgriLife Research and Extension Center, Texas A&M Univ., Temple, TX 76502, USA 
25Department of Agroecology, Aarhus University, 8830 Tjele, Denmark 
26Institute of Landscape Systems Analysis, Leibniz Centre for Agricultural Landscape Research, 15374 

Müncheberg, Germany 
27Potsdam Institute for Climate Impact Research, 14473 Potsdam, Germany 
28Centre for Environment Science and Climate Resilient Agriculture, Indian Agricultural Research Institute, IARI 

PUSA, New Delhi 110 012, India 
29Landscape & Water Sciences, Department of Environment and Primary Industries, Horsham 3400, Australia 
30NASA Goddard Institute for Space Studies, New York, NY 10025, USA 
31Computational and Systems Biology Department, Rothamsted Research, Harpenden, Herts, AL5 2JQ, United 

Kingdom 
32Biological Systems Engineering, Washington State University, Pullman, WA 99164-6120, USA 
33Institute of Soil Science and Land Evaluation, University of Hohenheim, 70599 Stuttgart, Germany 
34Plant Production Systems & Earth System Science, Wageningen University, 6700AA Wageningen, The 

Netherlands 
35Institute of Geographical Sciences and Natural Resources Research, Chinese Academy of Science, Beijing 

100101, China 
36CSIRO Agriculture Flagship, Dutton Park QLD 4102, Australia 
37CSIRO Agriculture Flagship, Black Mountain ACT 2601, Australia 
38INRA, UMR 1248 Agrosystèmes et développement territorial (AGIR), 31326 Castanet-Tolosan Cedex, France 
39Department of Agronomy and Biotechnology, China Agricultural University, Yuanmingyuan West Road 2, 

Beijing 100193, China 
40College of Agriculture, Nanjing Agricultural University, Nanjing, Jiangsu, 210095, China 

81. Managing climate induced risks and adaptation in the agriculture sector; a case of Punjab 

province Pakistan 
Abid Muhammad, Scheffran Jürgen 
Research Group Climate Change and Security (CLISEC), Institute of Geography, University of Hamburg, 

KlimaCampus, Grindelberg 7, 20144 Hamburg, Germany 
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82. Veille Agro Climatique (VAC): a real time monitoring tool for agroclimatic conditions 
Huard Frédéric, Ripoche Dominique, Persyn Benoit 
INRA AgroClim, site Agroparc, 84914 Avignon Cedex 9, France 

83. Modelling of extreme climate events for South Africa using historical data and general circulation 

models 
Debusho Legesse K.1, Diriba Tadele A.1, Hassen Abubeker2, Botai Joel3 
1Department of Statistics, University of Pretoria, South Africa 
2Department of Animal and Wildlife Sciences, University of Pretoria, South Africa 
3Department of Geography, Geoinformatics and Meteorology, University of Pretoria, South Africa 

84. Beyond incremental change: transformation to climate -smart agriculture in response to changing 

extremes 
Dowd Anne-Maree1, Howden Mark2, Rickards Lauren3, Fleming Aysha1, Jakku Emma1, Gaillard Estelle1 
1CSIRO Land and Water, PO Box 883, Kenmore, QLD, 4069, Australia 
2CSIRO Agriculture, GPO Box 1700, Canberra, ACT, 2601, Australia 
3University of Melbourne, Parkville, Victoria, 3010, Australia 

85. Strengthening the capacity of local extension services to face agroclimatic risks for production 

systems 
Aguilera Elizabeth, Rojas Edwin, Martínez Fabio, Deantonio Leidy 
Corporación Colombiana de Investigación Agropecuaria CORPOICA, Agroclimatology Unit, Postcode 250047 

(A.A. 240142, Las Palmas), Mosquera, Colombia 

86. Grassland manipulation experiments across climatic zones 
Picon-Cochard Catherine1, Diop Amadou Tamsir2, Finn John3, Fischer F.4, Hassen Abubeker5, Haughey 

Eamon3, Hofer Daniel6, Lüscher Andreas6, Nagy Zoltan7,8, Ousmane Ndiaye 2, Pillar Valério4, Pintér 

Krisztina7, Suter Matthias6, Talore Deribe Gemiyu5, Tesfamariam Eyob9, Soussana Jean-François1 
1INRA U4874, Grassland Ecosystem Research, F-63100 Clermont-Ferrand, France 
2ISRA, Dakar, Senegal 
3Teagasc Environment Research Centre, Johnstown Castle, Wexford, Ireland 
4Universidade Federal do Rio Grande do Sul (UFRGS), Porto Alegre, Brazil 
5University of Pretoria, Department of Animal and Wildlife Sciences, Pretoria, South Africa 
6Agroscope, Institute for Sustainability Sciences ISS, Zurich, Switzerland 
7Szent István University, Institute of "ÏÔÁÎÙ ÁÎÄ %ÃÏÐÈÙÓÉÏÌÏÇÙȟ 'ĘÄĘÌÌěȟ (ÕÎÇÁÒÙ 
8Szent István University, MTA-3:)% 0ÌÁÎÔ %ÃÏÌÏÇÙ 2ÅÓÅÁÒÃÈ 'ÒÏÕÐȟ 'ĘÄĘÌÌěȟ (ÕÎÇÁÒÙ 
9University of Pretoria, Department of Plant Production and Soil Science, Pretoria, South Africa 

87. Building a global framework for banana resilience and adaptation under increased weather 

variability and uncertainty  
Staver Charles1, Calberto German2, Siles Pablo3 
1Bioversity International, Parc Scientifique II, Montpellier, France 
2Bioversity International, Km 17, Recta Cali-Palmira, Cali, Colombia 
3CIAT, Apartado Postal LM-172, Managua, Nicaragua 

88. Gauging the effects of extreme climate events on European crop yields 
Ben-Ari Tamara1, Adrian Juliette1, Calanca Pierluigi2, Klein Tommy2, Van der Velde Marijn3, Niemeyer 

Stefan3, Bellocchi Gianni4, Makowski David1 
1INRA, AgroParisTech UMR 211 Agronomie, BP 01, F-78850 Thiverval-Grignon, France 
2Agroscope, Institute for Sustainability Sciences ISS, Reckenholzstrasse 191, CH-8046 Zurich, Switzerland 
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3European Commission, Joint Research Centre (JRC), Institute for Environment and Sustainability (IES), Via E. 

Fermi 2749, I-21027 Ispra (VA), Italy 
4INRA, UR 874 Écosystème Prairial, 5 chemin du Beaulieu, F-63039 Clermont-Ferrand, France 

89. Development of district contingency plans as a coping strategy to face climate variability and 

extremes in agriculture 
Yenumula Gerard Prasad1, Cherukumalli Srinivasarao1, Ravindrachary G.1, Rao K.V.1, Ramana D.B.V.1, Rao 

V.U.M.1, Venkateswarlu B.2, Sikka A.K.3 
1ICAR- Central research institute for dyland agriculture, Santoshnagar, Hyderabad, 500059, India 
2Vasantharao naik marathwada krishi vidyapeeth, Parbhani, Maharashtra, 431402, India 
3Indian council of agricultural research, New Delhi, 110 012, India 

90. Why role of local institution is crucial in Climate Smart Agriculture? Some evidence from rice-

wheat system of Nepal 
Dhanej Thapa1, Chhatra Mani Sharma2 
1Southasia Institute of Advanced Studies of Nepal, Nepal 
2Department of Development Studies/Kathmandu University, Nepal 

91. Introducing a legume cover crop in rubber plantations is not necessarily an option for their 

sustainability in dry areas 
Clermont-Dauphin Cathy1,2, Suvannang Nopmanee2, Pongwichian Pirach2, Cheylan Vincent1,2, Hammecker 

Claude1,2, Harmand Jean-Michel3 
1IRD (Institut de Recherche pour le Développement), UMR Eco&Sols, 2 Place viala, 34060 Montpellier, France 
2Land Development Department, Ministry of Agriculture and Co-Operative, Phaholyothin Road, Chatuchak, 

Bangkok 10900, Thailand 
3CIRAD, UMR Eco &Sols, 2 Place Viala, 34060 Montpellier, France 

92. Sustainability of the Koga irrigation scheme: adaptive water management to deal with climate 

variability and change 
Beza Berhanu Demissie, Alemseged Tamiru Haile 
International Water Management Institute (IWMI), Ethiopia 

93. Pearl millet yields and climate evolution across the last 20 years in central Senegal. A yield gap 

study 
Kouakou Patrice1,2, Muller Bertrand1,3,5, Affholder François2, Guissé Aliou4, Sultan Benjamin6 
1)ÎÓÔÉÔÕÔ 3ïÎïÇÁÌÁÉÓ ÄÅ 2ÅÃÈÅÒÃÈÅÓ !ÇÒÉÃÏÌÅÓ ɉ)32!Ɋȟ #ÅÎÔÒÅ ÄȭOÔÕÄÅ 2ïÇÉÏÎÁÌ ÐÏÕÒ Ìȭ!ÍïÌÉÏÒÁÔÉÏÎ ÄÅ 

Ìȭ!ÄÁÐÔÁÔÉÏÎ Û ÌÁ 3ïÃÈÅÒÅÓÓÅ ɉ#%2!!3Ɋȟ "0 ΩΩΨΦ 4ÈÉîÓ %ÓÃÁÌÅȟ 3ÅÎÅÇÁÌ 
2Centre de coopération Internationale en Recherche Agronomique pour le Développement (CIRAD), 

!ÇÒÏïÃÏÌÏÇÉÅ ÅÔ )ÎÔÅÎÓÉÆÉÃÁÔÉÏÎ $ÕÒÁÂÌÅ ÄÅÓ ÃÕÌÔÕÒÅÓ !ÎÎÕÅÌÌÅÓ ɉ5ÐÒ !a$!Ɋȟ !ÖÅÎÕÅ Äȭ!ÇÒÏÐÏÌÉÓȟ ΩΪΩίή 

Montpellier, Cedex 5, France 
3Centre de coopération Internationale en Recherche Agronomique pour le Développement (CIRAD), 

Amélioration Génétique et Adaptation des Plantes méditerranéennes et tropicales (Umr AGAP), Avenue 

Äȭ!ÇÒÏÐÏÌÉÓȟ ΩΪΩίή -ÏÎÔÐÅÌÌÉÅÒȟ #ÅÄÅØ Ϋȟ &ÒÁÎÃÅ 
4Université Cheikh Anta Diop (UCAD), Faculté des Sciences et Techniques (FST), Avenue Cheikh Anta Diop, BP 

5005 Dakar, Senegal 
5AfricaRice, Station Régionale du Sahel, BP 96 Saint-Louis, Senegal 
6Université Pierre et Marie Curie, Institut Pierre-Simon Laplace (IPSL), Laboratoire d'Océanographie Dynamique 

et de Climatologie (LODYC), 4 Place Jussieu 75252 Paris Cedex 05, France 

94. Effective adaptation strategies and risk reduction to increased climatic variability among coffee 

farmers in Mesoamerica 
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Castellanos Edwin1, Tucker Catherine2, Barrera Juan3, Díaz Rafael4 
1Universidad del Valle de Guatemala, 18 ave. 11-95 zona 15 Guatemala, Guatemala 
2Indiana University, Bloomington, Indiana, USA 
3Colegio de la Frontera Sur, Tapachula, Chiapas, Mexico 
4Universidad Nacional de Costa Rica, Heredia, Costa Rica 

95. Impact of climate change on crop production in southern Mali and the potential of adaptation 

strategies 
Traore Bouba1, Corbeels Marc2, van Wijk Marc T.3, Descheemaeker Katrien3, Giller Ken E.3 
1)%2ȟ )ÎÓÔÉÔÕÔ $ȭ%ÃÏÎÏÍÉÅ 2ÕÒÁÌÅ Ƞ 0ÒÏÇÒÁÍÍÅ #ÏÔÏÎȟ "Ðȡ Ψή +ÏÕÔÉÁÌÁȟ -ÁÌÉ 
2CIRAD, Agroécologie et intensification durable des cultures annuelles, 34398 Montpellier, France 
3Wageningen University, Plant Production Systems, 6708 PB Wageningen, the Netherlands 

96. Use of regional climate model output for modelling the effects of future extremes in agriculture 
Christensen Ole B.1, Fox Maule C.1, Cornes R.2, Goodess C.2, Bellocchi Gianni3 
1Danish Meteorological Institute, Lyngbyvej 100, DK-2100 Copenhagen Ø, Denmark 
2Climatic Research Unit, School of Environmental Sciences, University of East Anglia, Norwich, NR4 7TJ, United 

Kingdom 
3INRA, UR 874 Écosystème Prairial, 5 chemin du Beaulieu, F-63039 Clermont-Ferrand, France 

97. Drought resistant and resilient plant functional types can maintain production in intensively 

managed grassland 
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2&ÁÃÕÌÔï ÄÅÓ ÓÃÉÅÎÃÅÓȟ ÕÎÉÖÅÒÓÉÔï ÄÅ -ÁÈÁÊÁÎÇÁȟ ÃÁÍÐÕÓ Äȭ!ÍÂÏÎÄÒÏÎÁȟ -ÁÈÁÊÁÎÇÁ ΪΦȟ -ÁÄÁÇÁÓÃÁÒ 
3LMI IESOL - Intensification écologique des sols cultivés en Afrique de l'Ouest., Campus Bel-Air B.P. 1386. CP 

18524. Dakar, Senegal 
4UMR Eco&Sols - Ecologie Fonctionnelle & Biogéochimie des Sols & des Agroécosystèmes - (Montpellier 

SupAgro  CIRAD  INRA  IRD). Bâtiment 12, 2 place Viala 34060 Montpellier cedex 2, France 

142. Evaluating the impact of rising fertilizer prices on crop yields 
Brunelle Thierry, Dumas Patrice, Souty François, Dorin Bruno, Nadaud Franck 
CIRAD - UMR CIRED, Centre International de Recherche sur l'Environnement et le Developpement, Campus du 

Jardin Tropical, 45 bis, avenue de la Belle Gabrielle, 94736 Nogent-sur-Marne Cedex, France 

143. Agent based model analysis on the impact of agricultural land-use change adaptation in semi-arid 

Ghana 
Badmos Biola K.1,2, Villamor Grace B.3,4, Agodzo Sampson K.5, Odai Samuel N.1,2 
1Civil Engineering, Kwame Nkrumah University of Science and Technology, Kumasi, Ghana 
2West African Science Service Centre on Climate Change and Adapted Land Use, Kwame Nkrumah University 

of Science and Technology, Kumasi, Ghana 
3Center for Development Research (ZEF), University of Bonn, Germany 
4World Agroforestry Centre, Bogor, Indonesia 
5Agricultural Engineering, Kwame Nkrumah University of Science and Technology, Kumasi, Ghana 

144. The gathering of Non-Timber Forest Products as adaptation strategy to climate change in the 

rural community of Niaguis 
Ndao Mohamed Lamine 
Sciences of Humanities and Society, Gaston Berger University of Saint Louis, Senegal 

145. Optimisation of the nitrogen fertilisation in the context of climate change 
Dumont Benjamin1,2, Basso Bruno2, Destain Jean-Pierre1, Bodson Bernard1, Destain Marie-France1 
1Dpt. Biosystems enginnering, Precision agriculture lab, ULg - Gembloux Agro-Bio Tech, Passage des Déportés, 

2, 5030, Gembloux, Belgium 
2Department of Geological Sciences, Michigan State University, Lansing, MI, USA 

146. #ÌÉÍÁÔÅ ÃÈÁÎÇÅ ÉÍÐÁÃÔÓ ÏÎ ÃÒÏÐÓ ÐÒÏÄÕÃÔÉÏÎ ÁÎÄ ÁÄÁÐÔÉÖÅ ÍÅÁÓÕÒÅÓ ÆÒÏÍ ÆÁÒÍÅÒÓȭ ÐÅÒÓÐÅÃÔÉÖÅ ÉÎ 

North -East China 
Xie Liyong1, Lin Erda2, Li Yue1, Zhao Hongliang1 
1College of Agronomy, Shenyang Agricultural University, Shenyang 110866, China 
2Institute of Environment and Sustainable Development in Agriculture, Chinese Academy of Agricultural 

Sciences, Beijing 100081, China 

147. Emissions mitigation by sustainable intensification in Brazilian livestock production 
De Oliveira Silva Rafael1,2, Barioni Luis Gustavo3, Hall Julian A. J.1, Folegatti Matsuura Marilia4, Albertini T. 

Zanetti5, Fernandes F. A.6, Moran Dominic2 
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1School of Mathematics, The University of Edinburgh, Mayfield Road, Edinburgh, EH9 3JZ, Scotland, United 

Kingdom 
2Research Division, SRUC, West Mains Road, Edinburgh, EH9 3JG, Scotland, United Kingdom 
3Embrapa Agriculture Informatics, CEP 13083-886  Campinas-SP, Brazil 
4Embrapa Meio Ambiente, Brazil 
5University of Sao Paulo (ESALQUSP), CEP 13418-900, Piracicaba, SP, Brazil 
6Embrapa Pantanal, CEP 79320-900, Corumbá-MS, Brazil 

L2.4 BREEDING AND PROTECTING CROPS AND LIVESTOCK 

148. Adaptation of tropical cattle breeds to their environment, in the perspective of climatic change 
Naves Michel1, Flori L.2, Thevenon S.2, Gauthier M.3 
1INRA, UR143, Recherches Zootechniques, F-97170, Petit Bourg, France 
2CIRAD, UMR INTERTRYP, F-34398, Montpellier, France 
3CBGP, Campus International de Baillarguet CS 30016, 34988 Montferrier-sur-Lez Cedex, France 

149. Genetic diversity of Dactylis glomerata in the response to temperature during germination 
Ahmed L.Q., Durand J.-L., Escobar-Gutiérrez A.J. 
INRA, UR4 P3F, Site du Chêne ɀ BP6, F-86600 Lusignan, France 

150. Globally representative C. arabica variety trial site selection in a changing climate 
Bunn Christian1, Läderach Peter1, Pérez Juan Guillermo1, Montagnon Christophe2 
1International Center for Tropical Agriculture (CIAT), Km 17, Recta Cali-Palmira, Apartado Aéreo 6713, Cali, 

Colombia 
2RD2 Vision, 60, rue du Carignan 34270, Valflaunes, France 

151. Ȱ2Å#ÏÌ!Äȱȡ #ÏÌÌÁÂÏÒÁÔÉÖÅ ÎÅÔ×ÏÒË ÏÎ ÆÁÒÍ ÁÎÉÍÁÌ ÁÄÁÐÔÁÔÉÏÎ ÔÏ ÅÎÖÉÒÏÎÍÅÎÔÁÌ ÃÈÁÎÇÅÓ 
Zerjal Tatiana1, Laloë Denis1, Mandonnet Nathalie2, Naves Michel2, Collin Anne3, Thévenon Sophie4, 

Renaudeau David5 
1INRA/AgroParisTech, UMR 1313 GABI, 78352 Jouy-en-Josas, France 
2INRA, UR143, Recherches Zootechniques, F-97170, Petit Bourg, France 
3INRA, UR83 Recherches Avicoles, F-37380 Nouzilly, France 
4CIRAD, UMR INTERTRYP, F-34398, Montpellier, France 
5INRA UMR1348 PEGASE, F35590 Rennes, France 

152. Crop diversity as an adaptation strategy to climate change in West Africa 
Piquet J.1,2,3, Barnaud Adeline1,2,3,. Barry M.B 4, Berthouly-Salazar C.1,2,3, Diallo M.A.T.4, Deu M.5, Kané N.A.3, 

Leclerc C.5, Noyer J.L.5, Pham J.L.1,6, Vigouroux Y.1, Billot C.5 
1IRD, UMR DIADE, Montpellier, France 
2LMI LAPSE, Dakar, Senegal 
3ISRA, LNRPV, Centre de Bel Air, Dakar, Senegal 
4IRAG, Conakry, Guinea 
5CIRAD, UMR AGAP, Montpellier, France 
6Agropolis Foundation, Montpellier, France 

153. Genetic variability and phenotypic characterization of thermotolerance in rainbow trout 
Dupont-Nivet Mathilde1, Colson V.2, Crusot M.1, Labbé L.3, Rigaudeau D.4, Prunet P.2, Quillet E.1, Leguen I.2 
1INRA, UMR 1313 GABI, Génétique Animale et Biologie Intégrative, Jouy en Josas, France 
2INRA, UR1037 Fish Physiology and Genomics, F-35000 Rennes, France 
3).2!ȟ 5%ΦίΩέ 0%)-!ȟ 0ÉÓÃÉÃÕÌÔÕÒÅ %ØÐïÒÉÍÅÎÔÁÌÅ ).2! ÄÅÓ -ÏÎÔÓ Äȭ!ÒÒïÅȟ ΨίΪΫΦ 3ÉÚÕÎȟ &ÒÁÎÃÅ 
4INRA, UE 0907 IERP, Infectiologie Expérimentale Rongeurs et Poissons, Jouy en Josas, France 
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154. NGS for identifying wild-to-cultivated gene flow for African crops adaptation 
Berthouly-Salazar Cécile1,2,4, Barnaud Adeline1,2,4, Scarcelli Nora1, Billot Claire3, Mariac Cédric1, Kane 

Ndjido2,4, Vigouroux Yves1 
1IRD, UMR DIADE, Montpellier, France 
2LMI LAPSE, Dakar, Senegal 
3CIRAD, UMR AGAP, F-34398 Montpellier, France 
4ISRA, LNRPV, Centre de Bel Air, Dakar, Senegal 

155. Impact of pea genetic variability on the control of N2O reduction by soil-microorganisms-plant 

systems 
Bourion V.1, Revellin C.1, Bizouard F.1, De Larambergue H.1, Aubert V.1, Duc G.1, Hénault C.2 
1INRA, UMR AgroEcologie, 21000 Dijon, France 
2INRA, UR SOLS, 0272, 45075 Orleans Cedex, France 

156. Using crop-climate models for designing climate-smart breeding strategies 
Koehler Ann-Kristin1, Ramirez-Villegas Julian1,2,3, Challinor Andrew J.1,3 
1School of Earth and Environment, University of Leeds, Leeds, United Kingdom 
2CGIAR Research Program on Climate Change, Agriculture and Food Security, CCAFS, Cali, Colombia 
3International Center for Tropical Agriculture, CIAT, Cali, Colombia 

157. Genetics of tolerance of extra-early Quality Protein Maize inbreds under contrasting 

environments 
Annor Benjamin1, Badu-Apraku B.1ȟ !ËÅÎȭ/ÖÁ -Ȣ%Ȣ2 
1International Institute of Tropical Agriculture, Ibadan, Nigeria 
2University of Ibadan, Nigeria 

158. Adaptation of alfalfa ecotypes to climate change 
Julien Lionel1, Delalande Magalie2, Sartre Pascal2, Carpon Jean-Marie3, Blandineau Claude2, Bastianeli 

Denis1, Huguenin Johann1 
1CIRAD, UMR-SELMET, Montpellier, France 
2INRA, UE DIASCOPE, Montpellier, France 
3INRA, UMR-SELMET, Montpellier, France 

159. Improvement of yield and related characters of temperate maize (Zea mays L.) under three water 

regimes 
Murtadha M.A.1, Alghamdi S.S.2 
1Osun State University, College of Agriculture, Ejigbo. Osun State, Nigeria 
2College of Food and Agricultural Sciences, King Saud University, P.O. Box 2454, Riyadh 11451, Saudi Arabia 

160. Breeding for sunflower hybrids adapted to climate change: the SUNRISE collaborative and multi-

disciplinary project 
Debaeke Philippe1, Coque M.2, Muños S.3, Mangin B.4, Gouzy J.3, Kephaliacos C.5, Piquemal J.6, Pinochet X.7, 

Vincourt P.3, Langlade N.3 
1INRA, UMR AGIR, 31326 Castanet-Tolosan, France 
2BIOGEMMA, 31700 Mondonville, France 
3INRA, UMR LIPM, 31326 Castanet-Tolosan, France 
4INRA, UR MIAT, 31326 Castanet-Tolosan, France 
5ENFA, LEREPS, 31326 Castanet-Tolosan, France 
6SYNGENTA Seeds, 31042 Saint-Sauveur, France 
7CETIOM, 78850 Thiverval-Grignon, France 
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161. Climate change in tropical environment: what impact on agricultural pests and diseases? What 

crop protection strategies? 
Goebel François-Régis1, Cilas Christian2 
1UPR AÏDA, CIRAD, Campus de Lavalette - 34398 Montpellier cedex 5, France 
2UPR Bioagresseurs, CIRAD, Campus international de Baillarguet - 34398 Montpellier cedex 5, France 

162. Understanding the genetic diversity of Ethiopian oilseed Noug (Guizotia abissinica) for its 

improvement and conservation 
Weldeyohannes Misteru1, Gari Abel2, Hannes Dempewolf3 
1Ethiopian Institute of Agricultural Research, Holetta Agricultural Research Center P.O. Box.31, Holetta, 

Ethiopia 
2Departments of Biology, Addis Ababa University, P.O. Box 1176, Addis Ababa, Ethiopia 
3Global Diversity Trust, 53115, Bonn, Germany 

163. Proteomics in the drive for climate smart livestock production 
Eckersall David1, Almeida Andre2 
1Institute of Biodiversity, Animal Health & Comparative Medicine, University of Glasgow, G41 4HQ, Glasgow, 

United Kingdom 
2Instituto de Investigação Científica Tropical, Lisboa, Portugal; CIISA ɀ Centro Interdisciplinar de Investigação 

em Sanidade Animal, Lisboa, Portugal 
3ITQB ɀ Instituto de Tecnologia Química e Biológica da UNL, Oeiras, Portugal 
4IBET ɀ Instituto de Biologia Experimental e Tecnológica CVZ ɀ Centro de Veterinária e Zootecnia, Av. Univ. 

Técnica, 1300-477 Lisboa, Portugal 

164. Bridging landscape genomics and quantitative genetics for a regional adaptation of European 

grasslands to climate-change 
Sampoux Jean-Paul1, Manel Stéphanie2, Hegarty Matthew J.3, Dehmer Klaus J.4, Willner Evelin4 
1INRA, Centre Poitou-Charentes, UR4 (UR P3F), BP80006, 86600 Lusignan, France 
2EPHE ɀ CEFE, UMR 5175, 34293 Montpellier Cedex 5, France 
3IBERS ɀ Aberystwyth University, SY23 3EE, Ceredigion, Wales, United Kingdom 
4IPK, Genebank Department / Satellite Collections North, 23999 Malchow / Poel, Germany 

165. Ecological niche of R. fistulosa in climate change context: what future for lowland rice production 

in West-Africa? 
Zossou Norliette, Gouwakinnou Gérard, Idelphonse Sode, Sinsin Brice 
Laboratories of Applied Ecology, Faculty of Agronomics Sciences, University of Abomey-Calavi, Benin 

166. Effects of heat stress and sulfur restriction during seed filling on grain characteristics in rapeseed 
Brunel-Muguet Sophie1,2,3ȟ $ȭ(ÏÏÇÈÅ 0ÈÉÌÉÐÐÅ1,2,3, Bataillé Marie-Paule1,2,3, Larré Colette4, Kim Tae-

Hwan1,2,3,5, Jacques Trouverie1,2,3, Avice Jean-Christophe1,2,3, Etienne Philippe1,2,3, Dürr Carolyne6 
Hélène Gautier1 
1INRA, UMR INRAɀUCBN 950 Ecophysiologie Végétale, Agronomie & nutritions N.C.S., F-14032 Caen, France 
2Normandie University, F-14032 Caen, France 
3UCBN, UMR INRAɀUCBN 950 Ecophysiologie Végétale, Agronomie & nutritions N.C.S., F-14032 Caen, France 
4INRA UR1268 BIA, Rue de la Géraudière, BP 71627, F-44316 Nantes, France 
5Environment-Friendly Agriculture Research Center (EFARC), Department of Animal Science, Institute of 

Agricultural Science and Technology, College of Agriculture & Life Science, Chonnam National University, Buk-

Gwangju, P.O. Box 205, Gwangju 500-600, South Korea 
6INRA, UMR 1345, Institute of Research on Horticulture and seeds, F-49045, Beaucouzé, France 

167. Selection of families new of rice for their adaptability of lowland in West Africa 



35 

 

Oteyammi Magloire1, Sie Moussa2, Ahanchede Adam3 
1AfricaRice, Cotonou, Benin 
2National centre of research applied to rural development, Ampandrianomby ɀ Antananarivo, Madagascar 
3University of Abomey-Calavi Faculty of Agricultural Sciences, Cotonou, Benin 

168. Evaluation of triticale genotypes for food and feed security in Egypt 
Hozayn M.1, Abd El-Monem A.A.2,3, Abd El-lateef E.M.1 
1Field Crop Research Dept. , Agriculture and Biology Div., National Research Centre, El Buhouth St., Dokki, 

Cairo, Egypt 
2Botany Dept., Agriculture and Biological Division, National research centre, El Behouth St., Dokki, Cairo, 

Egypt 
3Biology Dept., Fac. of Sci., Tabuk Univ., Branch Tayma, Saudi Arabia 

169. Improving Bambara groundnut for global food security: MAGIC populations for ideotype 

development and genomic analysis 
Aliyu Siise1,2,3, Kendabie Presidor1, 2, Murchie Erik1, Massawe J. Festo2 , Mayes Sean3 
1School of Biosciences, The University of Nottingham, Sutton Bonington Campus, Loughborough, 

Leicestershire, LE12 5RD, United Kingdom 
2School of Biosciences, University of Nottingham Malaysian Campus, Jalan Broga, Semenyih, 43500, Selangor, 

Malaysia 
3Crops for the Future Research Centre (CFFRC), Jalan Broga, Semenyih 43500, Selangor, Malaysia 

170. 'ÅÎÅÔÉÃÓ ÉÎ ÃÏÎÔÒÏÌÌÉÎÇ ÓÍÁÌÌ ÒÕÍÉÎÁÎÔȭÓ ÉÎÔÅÒÎÁÌ ÎÅÍÁÔÏÄÅÓ ÉÎÆÅÓÔÁÔÉÏÎ ÉÎ ÔÈÅ ÅÒÁ ÏÆ ÃÌÉÍÁÔÅ 

change 
Matebesi-Ranthimo P.A.M.1,2, Cloete S.W.P.3,4, van Wyk J.B.2,Olivier J.J.4 
1National University of Lesotho, P.O. Roma 180, Roma, Lesotho 
2University of the Free State, P.O. Box 339, Bloemfontein 9300, South Africa 
3University of Stellenbosch, Private Bag X1, Matieland, 7602, South Africa 
4Institute for Animal Production: Elsenburg, Private Bag X1, Elsenburg, 7609, South Africa 

171. Climate change impact on incidence of mite (Tetranychus urticae Koch) infesting ladysfinger in 

sub-Himalayan India 
Ghosh Sunil 
Department of Agricultural Entomology, Bidhan Chandra Krishi Viswavidyalaya (BCKV), (Agril. University), 

AINP on Agril. Acarology, Directorate of Research, PO: Kalyani, Dist: Nadia, West Bengal-741235, India 

L2.5 OVERCOMING BARRIERS: POLICIES AND INSTITUTIONAL 

ARRANGEMENTS TO SUPPORT CSA 

172. Cross-scale policy dynamics and climate smart agriculture 
Crane Todd, Robinson Lance 
Livestock Systems and Environment, International Livestock Research Institute, Box 30709, Nairobi 00100, 

Kenya 

173. Theory and criteria for improved understanding of Climate Smart Territories (CST) 
Jenet Andreas1, Van Etten Jacob2, Sepulveda Claudia1, Martinez-Salinas Alejandra1,3, Villanueva Cristobal1, 

Sanabria Oscar1, Louman Baastian1, Alpizar Francisco1 
1Centro Agronómico Tropical de Investigación y Enseñanza (CATIE), 30501 Turrialba, Costa Rica 
2Bioversity International, 30501 Turrialba, Costa Rica 
3Department of Fish and Wildlife Sciences, University of Idaho, Moscow, ID, USA 
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174. Scenario-guided policy development and investment for Climate Smart Agriculture in Cambodia 
Peou Rathana1, Vervoort Joost2,3, Lipper Leslie4 ,Cattaneo Andrea4, Cavatassi Romina4 
1South East Asia Regional Scenarios Coordinator, CGIAR CRP7: Climate Change, Agriculture and Food Security 

(CCAFS), IRRI-CCAFS SEA Regional Office, Hanoi, Vietnam 
2Environmental Change Institute, Oxford University Centre for the Environment, South Parks Road, Oxford, 

OX1 3QY, United Kingdom 
3CGIAR programme for Climate Change, Agriculture and Food security, University of Copenhagen, Faculty of 

Science, Department of Plant and Environmental Sciences, Rolighedsvej 21, DK-1958, Frederiksberg C, 

Denmark 
4FAO- EPIC, Viale delle Terme di Caracalla, 00153 Rome, Italy 

175. Effects of the Jordanian rainfed barley-livestock producer perceptions and values on their 

adaptation to climate change 
Auerbach Anita1, Yigezu Yigezu2, Haddadin Maissa2, El-Shater Tamer2, Akroush Samia2, De Pauw Eddy2, 

Guendel Sabine1 
1University of London (SOAS), Senate House, Malet Street, London, WC1E 7HU, United Kingdom 
2ICARDA, P.O. Box 950764 Amman 11195, Jordan 

176. #ÌÉÍÁÔÅ 3ÍÁÒÔ !ÇÒÉÃÕÌÔÕÒÅ ÉÎ ÔÈÅ .ÏÒÔÈÅÁÓÔȡ ÁÓÓÅÓÓÉÎÇ ÓÔÁËÅÈÏÌÄÅÒÓȭ ÂÅÌÉÅÆ-action gaps and 

research/extension capacity 
Chatrchyan Allison1, Tobin Daniel2, Radhakrishna Rama2, Allred Shorna1 
1Cornell University, Cornell Institute for Climate Change and Agriculture, College of Agriculture and Life 

Sciences, 206 Rice Hall, Ithaca, NY 14853, USA 
2Penn State University, Department of Agricultural Economics, Sociology, and Education, 102 Ferguson 

Building, University Park, PA 16802, USA 

177. Barriers to the adoption and diffusion of CSA technological innovations in Europe 
Blok Vincent1, Long Thomas1, Coninx Ingrid2 
1Wageningen UR, MST, Wageningen, 6706KN, the Netherlands 
2Wageningen UR, Alterra, Wageningen, 6706KN, the Netherlands 

178. Necessity of clear concepts and convergence of discourse for a climate-smart agriculture (Costa 

Rica) 
Laffourcade Roland1,3, Dhorne Soazic1,4, Gutiérrez Montes Isabel2, Rapidel Bruno5,6, Sibelet Nicole1, 2 
1CIRAD, UMR INNOVATION, F-37398 Montpellier, France 
2CATIE, IDEA, CATIE, 7170 Turrialba 30501, Costa Rica 
3AgroParistech, Montpellier, France 
4AgroParistech UMR 1048 SADAPT AgroParisTech-INRA, Paris, France 
5CIRAD, UMR SYSTEM, F-37398 Montpellier, France 
6CATIE, Agroforestería, CATIE, 7170 Turrialba 30501, Costa Rica 

179. A rights-based approach to realizing socially equitable development outcomes from climate smart 

agriculture 
Park S.E.1, Ensor J.E.2 
1WorldFish, Jalan Batu Maung, Batu Maung, 11960, Bayan Lepas, Penang, Malaysia 
2Stockholm Environment Institute, Environment Department, Grimston House, University of York, Heslington, 

York, YO10 5DD, United Kingdom 

180. Implications of alternative GHG emission metrics for emission trends and targets 
Reisinger Andy 
New Zealand Agricultural Greenhouse Gas Research Centre, Palmerston North 4442, New Zealand 
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181. Climate smart agriculture without climate smart spatial planning? 
2ÁÚÐÏÔÎÉË 6ÉÓËÏÖÉç .ÉËÁ 
Research Centre of the Slovenian Academy of the Sciences and Arts, Anton Melik Geographical Institute, 1000 

Ljubljana, Slovenia 

182. Forestry and agriculture in the climate change governance: Non-UNFCCC venues for enhancing 

action 
Soto Cinthia 
Research Assistant (PhD candidate) at Wageningen University, Trompstraat 166, The Hague, 2518 BP, The 

Netherlands 

183. Barriers to uptake of conservation agriculture in Malawi: multi-level analyses & development 

planning implications 
Dougill Andrew1, Whitfield Stephen1, Wood Ben1, Chinseu Edna1, Mkwambisi David2, Stringer Lindsay1 
1School of Earth & Environment, University of Leeds, Leeds, United Kingdom 
2Department of Natural Resources, Lilongwe University of Agriculture and Natural Resources, Lilongwe, 

Malawi 

184. Policies for climate-smart agriculture: contribution of agroforestry literature  
Durey Louis1, Le Coq Jean François2 
1!'2/0!2)34%#( ɉ)ÎÓÔÉÔÕÔ ÄÅÓ ÓÃÉÅÎÃÅÓ ÅÔ ÄÅ ÌȭÉÎÄÕÓÔÒÉÅ ÄÕ ÖÉÖÁÎÔ ÅÔ ÄÅ ÌȭÅÎÖÉÒÏÎÎÅÍÅÎÔɊȟ Χά ÒÕÅ #ÌÁÕÄÅ 

Bernard F-75231 Paris Cedex 05, France 
2CIRAD, UMR ART-Dev, F-34398 Montpellier Cedex 5, France; UNA (National University of Costa Rica), CINPE, 

Heredia, Costa Rica 

185. Learning and sharing for action: experiences of Ghana climate change and food security platform 
Karbo Naaminong1, Botchway Vincent1, Zougmore Robert2, Odum K. S.1 
1CSIR-Animal Research Institute, Accra, Ghana 
2ICRISAT, Bamako, Mali 

186. Linking climate change adaptation and mitigation: Implications for Central America 
Cuéllar Nelson, Kandel Susan, Gómez Ileana, Cartagena Rafael, Luna Fausto, Diáz Oscar 
Fundación PRISMA, Pasaje Sagrado Corazón #821, Colonia Escalón, San Salvador, El Salvador 

187. Social learning in support of CSA: getting to outcomes and impact 
Förch Wiebke1, Thornton Philip1, Schuetz Tonya2, Harvey Blane3 
1CCAFS, ILRI, PO Box 30709, Nairobi 00100, Kenya 
2Orleansstr. 59, D-81667 Munich, Germany 
3Collaborative Adaptation Research Initiative in Africa and Asia (CARIAA), IDRC, PO Box 8500, Ottawa, ON 

K1G 3H9, Canada 

188. Policy instruments for Climate Smart Agriculture: toward a specific integrated analytical 

framework 
Le Coq Jean-Francois1,2, Fallot Abigail3,4, Bouroncle Claudia4 
1CIRAD UMR ART-DEV, 34000 Montpellier, France 
2UNA/CINPE, 3000 Heredia, Costa Rica 
3CIRAD UPR GREEN, 34000 Montpellier, France 
4CATIE-Climate Change and Watershed group; 30 501 Turrialba, Costa Rica 

189. Building local capacity in agricultural carbon projects in Kenya and Uganda through participatory 

action research 
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Shames Seth1, Heiner Krista1, Masiga Moses2, Recha John3, Kapukha Martha4, Ssempala Annet5, Wekesa 

Amos4 
1EcoAgriculture Partners, 1100 17th St, NW Suite #600, Washington, DC 20036, USA 
2ENR Africa Associates, P.O. Box 72287, Kampala, Uganda 
3Environmental Resources Management Center for Sustainable Development [ERMCSD], Utumishi Cooperative 

House, Mezzanine Floor, Mamlaka Road, Off Nyeyere Road, P.O. BOX 1728 ɀ 00100, Nairobi, Kenya 
4Vi-Agroforestry Regional Office, P.O. Box 457 67 00100 Nairobi, Kenya 
5Environmental Conservation Trust of Uganda (ECOTRUST), Plot 49 Nakiwogo Road, Entebbe, Uganda 

190. What does it take to see transformative adaptation? Evidence from sub-Saharan Africa 
Bernier Quinn1, Kristjanson Patti2, Meinzen-Dick Ruth1 
1International Food Policy Research Institute, 2033 K Street NW, Washington DC, 20006, USA 
2World Agroforestry Centre, United Nations Avenue, P. O. Box 30677, Nairobi, Kenya 

191. Is technical information what policy makers need to take action on the climate change adaptation 

of smallholder farmers? 
Donatti Camila I.1, Martínez-Rodríguez M.R.1, Harvey Celia A.1, Vignola R.2, Rodríguez C.M.3 
1Conservation International, The Betty and Gordon Moore Center for Science and Oceans, 22202, Arlington, 

VA, USA 
2CATIE, Climate Change and Watershed Program, 7170, Turrialba, Costa Rica 
3Conservation International, Center for Environmental and Peace, 22202, Arlington, VA, USA 

192. Drip irrigation works: drip irrigation kits do not 
Davidson Michael 
Davidson Consultants, 1169 Boston Street, Altadena, CA 91001, USA 

 193. Barriers to adaptation and mitigation to climate change in livestock farms of Africa, South 

America and Europe 

Frey Hélène1, Vayssières Jonathan1, Messad Samir1, Koslowski Franck2, Stienezen Marcia3, Cardoso Viera 

Paulo4, Poccard René1, Blanchard Mélanie1, Silvestri Silvia5, García de Jalón Silvestre6, Lecomte Philippe1 
1CIRAD, French Agricultural Research Centre for International Development, Umr SELMET Tropical and 

Mediterranean Livestock Production Systems, 34398, Montpellier, France 
2325#ȟ 3ÃÏÔÌÁÎÄȭÓ 2ÕÒÁÌ #ÏÌÌÅÇÅȟ $ÅÐÁÒÔÍÅÎÔ ÏÆ Land Economy, Environment & Society Research Group, 
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6UPM, Technical University of Madrid, Department of Agricultural Economics and Social Sciences, 28040, 
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14:00 Developing and evaluating climate-smart practices and services 

 

Campbell Bruce M.1, Corner-Dolloff C.2, Girvetz E.H.3, Rosenstock T.4 

 

1CIAT, c/o University of Copenhagen, Copenhagen, Denmark 

2CIAT, Cali, Colombia 

3CIAT, Nairobi, Kenya 

4ICRAF, Nairobi, Kenya  

 

While the concept of climate-smart agriculture (CSA) is new, it draws on concepts that have been around for a 

while, such as sustainable agriculture and sustainable intensification. In simplest terms, CSA emphasises the 

climate dimensions ɀ both adaptation and mitigation ɀ of previous concepts, suggests shifts in priorities for 

investment and implementation, and gives greater prominence to certain partnerships (Campbell et al., 2014; 

Lipper et al., 2014).   

Rosenstock (et al., in prep.) have examined 6000 peer-reviewed papers to compile the productivity, adaptation 

ÁÎÄ ÍÉÔÉÇÁÔÉÏÎ ÏÕÔÃÏÍÅÓ ÏÆ ÁÇÒÉÃÕÌÔÕÒÁÌ ÐÒÁÃÔÉÃÅÓȟ ÓÏ ÁÓ ÔÏ ÉÄÅÎÔÉÆÙ ÔÈÅ ȰÓÍÁÒÔÎÅÓÓȱ ÏÆ #3! ÐÒÁÃÔÉÃÅÓȢ 4ÈÅÙ ÆÉÎÄ 

numerous trade-offs amongst the dimensions of CSA. They also record a dearth of studies that examine all 

three stated outcomes of CSA, suggesting a new paradigm for research. This work has led to the Compendium 

of CSA Practices. 

Other literature on specific practices (e.g. alternate wetting and drying in rice, conservation agriculture) shows 

how context-specific outcomes are; being highly dependent on the agroecological conditions (Sander et al., in 

prep.; Powlson et al., 2014). 

A third area of work shows how socio-economic factors influence uptake of practices and services (e.g. 

Beuchelt and Badstue, 2013). For example, intensity of adoption of conservation agriculture is negatively 

affected by land per capita ɀ an indicator of labour constraints (Arslan et al., 2013). Women are less likely to be 

targeted or involved in climate information services and are even less likely to receive and use such services 

(McKune et al., in prep.).  

Put together, this work suggests that we have to recognise levels of climate smartness for specific objectives, 

agro-ecologies and socio-economic conditions. The global community has indicated a willingness to ensure 

rapid progress in making agriculture climate-smart, but the above conclusion ɀ that CSA is highly context-

specific ɀ does not help policy makers, investors and implementing agencies make easy decisions about what 

ÓÈÏÕÌÄ ÂÅ ÉÎÃÅÎÔÉÖÉÓÅÄ ÁÎÄ ÉÍÐÌÅÍÅÎÔÅÄȢ &ÏÒ ÔÈÉÓ ÔÏ ÈÁÐÐÅÎȟ ×Å ÐÒÏÐÏÓÅ Ȱ#3!-0ÌÁÎȱ ɀ a set of planning and 

implementation tools.  This is now being tested and developed in several countries across Latin America, 

!ÆÒÉÃÁ ÁÎÄ !ÓÉÁȟ ÁÎÄ ×ÉÔÈ ÔÈÅ 6ÉÓÉÏÎ ΨΫ Ø ΨΫ ÉÎÉÔÉÁÔÉÖÅ ÏÆ ÔÈÅ .Å× 0ÁÒÔÎÅÒÓÈÉÐ ÆÏÒ !ÆÒÉÃÁȭÓ %ÃÏÎÏÍÉÃ 

$ÅÖÅÌÏÐÍÅÎÔȭÓ ɉ!5-NEPAD).  

CSA-Plan consists of four steps: Situation Analysis; Targeting and Prioritising; Programming Design; 

Monitoring and Evaluation. These are flexibly applied depending on context, and can be applied at any level, 

from community to regional economic block. A key principle is stakeholder engagement at all steps.   

Situation Analysis includes understanding the context in which the CSA concept is being applied and 

identifying entry points for investing in CSA, usually through use of existing global and national data sources 

and expert input including farmer participation. Key tools here are the Compendium of CSA Practices, 

vulnerability analysis and institutional analysis. The results of this step can be in the form of a Country Profile 



Keynote Presentations                                           L2.1 Developing and evaluating climate-smart practices 

 

43 

 

(or project profile), where entry points related to agricultural priorities, institutions, policies and finance are 

identified, covering technologies and practices, climate information services, and climate-linked advisories 

and safety nets.  

Targeting and Prioritising supports the selection and prioritisation of investment portfolios. This sets the 

scope (e.g. sites, types of climate changes to address, transformative actions needed), identifies practices, 

services and policies linked to scope, identifies outcomes of importance to evaluate (indicators) and desired 

balance of the three CSA goals. A variety of tools are available: Compendium, CSA Practice Briefs, mitigation 

optimization tool. Stakeholder engagement leads to the shortlisting of priority CSA practices, services and 

policies. More detailed analysis of the top options, including cost-benefit analyses, analysis of trade-offs, 

follows. Further stakeholder engagement with key stakeholders, including men and women farmers, helps 

derive the investment portfolio.  

The Programming Design step includes the detailed spatial targeting of implementation activities, including a 

landscape analysis, barriers and constraints analyses, and assessing the business case for programs and their 

scaling up. It is supported by a CSA Toolbox (that includes practice guidelines).  

The Monitoring and Evaluation step is fraught with challenges, e.g., adaptive capacity and resilience are not 

easy to operationalise and emissions measurements are extremely expensive and not easily captured by 

proxies. Some practical suggestions are made for simple ways to monitor and evaluate CSA programmes. The 

M&E is constructed to promote adaptive learning. 

CSA shows much promise, with a wide range of stakeholders acknowledging the need to move rapidly to 

climate-proof agriculture. As researchers, we can support that process through deep engagement in 

implementation initiatives. 
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Arslan A., McCarthy N., Lipper L., Asfaw S. and Cattaneo A. (2013) Adoption and intensity of adoption of 

conservation farming practices in Zambia. ESA Working paper No. 13-01, FAO. 

Beuchelt T.D. and Badstue L. (2013) Gender, nutrition- and climate-smart food production: Opportunities and 

trade-offs. Food Security 5:709ɀ721 

Campbell B.M., Thornton P., Zougmoré R., van Asten P. and Lipper L. (2014) Sustainable intensification: What 

is its role in climate smart agriculture? Current Opinion in Environmental Sustainability, 8: 39-43, 
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Lipper L., Thornton P., Campbell B.M., Baedeker T., Braimoh A., Bwalya M., Caron P. et al. (2014) Climate-

smart agriculture for food security. Nature Climate Change. 4: 1068-1072. 
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14:30 Evaluating agricultural mitigation and scaling up climate-smart practices 

using the FAO EX-Ante Carbon balance Tool 

 

Bernoux Martial1, Bockel Louis2, Grewer Uwe2, François Jean-Luc3, Rossin Nicolas4, Braimoh Ademola5 

 

1IRD, UMR Eco&Sols, 34060 Montpellier, France 

2FAO, ESA, 00153 Rome, Italy 

3AFD, ARB, Paris, France 

4AFD, CLI, Paris, France 

5World Bank, Washington DC, USA 

 

The quantification of agricultural greenhouse gas (GHG) emissions is an important component of the Climate 

Smart Agriculture (CSA) agenda, and a key step in managing and ultimately reducing those emissions in a 

cost-effective manner. The scale and speed of climate change requires considerable investment in filling 

knowledge gaps and in research, for the development of time and cost-effective decision-support tools to 

prioritize both adaptation and mitigation actions, in addition to increasing productivity. The EX-Ante Carbon-

balance Tool (EX-ACT) is a land-based accounting system for estimating and projecting changes in the carbon 

balance over time. The carbon-balance is defined as the net balance from all greenhouse gases (CO2, CH4 and 

N2O) expressed in CO2 equivalent that were emitted or sequestered due to the implementation of an action or 

project as compared to a business-as-usual scenario. EX-ACT can provide ex-ante (as well as ex-post) 

assessments covering crop intensification, agroforestry, silvopasture, livestock development, perennial 

agriculture, watershed management, forestry development, and land rehabilitation. It is interactive, user-

friendly, and flexible in terms of requirements for coefficients and site-specific data. While EX-ACT is primarily 

used for project design, it is readily scalable to program, sector-wide, and policy analyses. EX-ACT analyses 

have been carried out in over 50 countries on climate-smart investment projects worth more than $5 billion 

dollars. EX-ACT has proven useful in estimating the GHG-balance of such investments and in scaling up 

climate-smart practices.  
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16:30 Rain water-based integrated agricultural system: a model for ensuring food 

security and adaptation in coastal Bangladesh 

 

Talukder Byomkesh1, Blay-Palmer Alison1, van Loon Gary2  

 

1Department of Geography and Environmental Studies, Wilfrid Laurier University, Waterloo, Canada 

23ÃÈÏÏÌ ÏÆ %ÎÖÉÒÏÎÍÅÎÔÁÌ 3ÔÕÄÉÅÓȟ 1ÕÅÅÎȭÓ 5ÎÉÖÅÒÓÉÔÙȟ +ÉÎÇÓÔÏÎȟ #ÁÎÁÄÁ 

 
The coastal areas of Bangladesh face challenges to sustaining agriculture, food and nutrition security in the 
presence of climate change impacts (e.g., rising sea level, increased salinity, coastal erosion), natural 
calamities (e.g., cyclone, storm surges, floods, riverbank erosion, drought), and human interventions, creating 
a situation in most of the coastal areas in which agricultural development, food security, nutrition and 
livelihood indicators are far worse than national or even rural averages. To adapt to the changing environment 
and ensure food security, some farmers in the coastal areas have started rain water/fresh water-based 
integrated (rice + shrimp + vegetable) agricultural systems. This agricultural system raises many questions, 
including what are the sustainability features of this agricultural practice and how does it help in adaptation 
and ensuring food security. To assess the sustainability and adaptability of this agricultural system, this study 
compares them with rice-based and shrimp-based agricultural systems. A holistic and interdisciplinary 
approach is applied to assess sustainability questions by evaluating both primary and secondary data from the 
southwest coast of Bangladesh. Primary data were collected through questionnaires, surveys and key 
informant interviews. The collated data were analyzed using various statistical techniques including measuring 
yield (t/ha), yield of protein and energy, energy use efficiency, Shannoa diversity index, weighted average, and 
goalpost value. The findings show that integrated agricultural systems have the capacity to produce more 
food, maintain biodiversity, ensure ecosystem health and ensure a higher quality of life for farmers than other 
agricultural systems in the coastal areas of Bangladesh. This system is a unique way to adapt to climate 
change since it stores rain water for agriculture by protecting the land from surface saline water. It is an 
example of doing agriculture in a smart way to adapt and ensure food security.  
 
Acknowledgement: This project is supported by SSHRC, Canada 
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16:45 Additive impacts of climate-smart agriculture practices in mixed crop-

livestock systems in Burkina Faso 

 

Rigolot Cyrille1,2, De Voil P.3, Douxchamps Sabine4, Prestwidge Di1, Van Wijk Mark5, Thornton Phillip6, 

Henderson B.1, Medina Hidalgo D.1, Rodriguez Daniel3, Herrero Mario1 

 

1Commonwealth Scientific and Industrial Research Organization, St Lucia, QLD 4067, Australia 

2INRA, UMR 1273 Metafort, F-63122 Saint Genes Champanelle, France 

3University of Queensland, Queensland Alliance for Agriculture and Food Innovation (QAAFI), Toowoomba, Australia       

4International Livestock Research Institute (ILRI), Ouagadougou, Burkina Faso 

5International Livestock Research Institute (ILRI), PO Box 30709-00100, Nairobi, Kenya 

6CGIAR Research Programme on Climate Change, Agriculture and Food Security, (CCAFS), PO Box 30709-00100, Nairobi, 

Kenya 

 

Smallholder farmers of Northern Burkina Faso have important development opportunities, but they will have 
to cope with the effects of climate variability and change. In four farms representative of the area, crop and 
animal production, income and food security indicators have been simulated, with all combinations of four 
interventions: i) Optimized crop residue collection; ii) Improved allocation of existing feeds, iii) Crop 
fertilization; iv) Animal supplementation. The modeling framework we used is based on three existing 
dynamic livestock (Livsim), crop (Apsim) and household (IAT) models. To assess the impacts of climate 
variability, a 99 years current climate series has been generated with the climate generator Marksim. The 
simulations show that collecting crop residues improves significantly the food security indicator (FS) in one 
farm because it enables the development of cattle production (FS +135%), whereas the effects are moderate in 
the three other farms (FS <10%). Low amounts of fertilizer have a significant effect (FS +15%), but the 
simulations show decreasing yield returns and the higher downside risk in the bad years. Improved feed 
allocation strategies with available resources have a positive effect (FS +9%), which is as important as 
supplementation with additional feeds.  The impacts of the tested interventions are additive and synergistic, 
because increased crop residues production with fertilization creates opportunities for optimized feeding. As a 
consequence, in the four farms, the highest income and kilocalorie production (up to 53% compared to current 
farmer practices) are obtained with a combination of interventions enhancing synergies between the crop and 
the livestock systems. The household yearly probability to be food secure also increases by up to +26%, 
suggesting an increased resiliency toward climate variability. We conclude that the best options for adapting 
mixed crop-livestock systems might be found in the synergies between their components, rather than in single 
interventions. 
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17:00 Developing indicators for Climate-Smart Agriculture (CSA) 

 

Rawlins Maurice Andres, Heumesser Christine, Emenanjo Ijeoma, Zhao Yuxuan, Braimoh Ademola 

 

The World Bank Group, 1818 H St. NW, Washington DC, USA 

 
CSA has emerged as a framework for developing and promoting agricultural systems which simultaneously 
improve productivity, resilience to climate change, and provide GHG mitigation benefits. However, the 
ÉÍÐÌÅÍÅÎÔÁÔÉÏÎ ÏÆ #3! ÒÁÉÓÅÓ ÓÅÖÅÒÁÌ ÑÕÅÓÔÉÏÎÓ ÉÎÃÌÕÄÉÎÇ Ȭ×ÈÁÔ ÉÓ ÔÈÅ ÃÌÉÍÁÔÅ-smartness of an agricultural 
ÔÅÃÈÎÏÌÏÇÙ ÉÎ Á ÓÐÅÃÉÆÉÃ ÃÏÎÔÅØÔȭȟ ȬÔÏ ×ÈÁÔ ÅØÔÅÎÔ ÉÓ ÁÎ ÉÎÔÅÒÖÅÎÔÉÏÎ ÁÃÈÉÅÖÉÎÇ ÔÈÅ ÇÏÁÌÓ ÏÆ #3!ȭȟ ÁÎÄ ȬÉÓ ÔÈÅÒÅ ÁÎ 
ÅÎÁÂÌÉÎÇ ÅÎÖÉÒÏÎÍÅÎÔ ×ÉÔÈÉÎ Á ÃÏÕÎÔÒÙ ÆÏÒ #3! ÉÍÐÌÅÍÅÎÔÁÔÉÏÎȭȩ  In response to these questions, the World 
Bank in collaboration with international partners has developed three indicator sets to support CSA 
implementation at the national and sub-national levels. The CSA-Policy indicators assess the enabling 
environment i.e. policy and institutional frameworks, and services and infrastructure, within a country 
supporting the implementation of CSA. The CSA-Technology indicators provide an ex-ante assessment 
whether agricultural technologies, when applied in different contexts, achieve the goals of CSA. The CSA-
Results indicators monitor short-term results of a CSA intervention which may relate to food security, poverty 
reduction and sustainability. For each indicator set, an index was developed to capture the climate-smartness 
of each area, i.e. ÔÅÃÈÎÏÌÏÇÉÅÓȟ Á ÃÏÕÎÔÒÙȭÓ ÅÎÁÂÌÉÎÇ ÅÎÖÉÒÏÎÍÅÎÔȟ ÁÎÄ ÐÒÏÊÅÃÔ ÌÅÖÅÌ ÉÎÔÅÒÖÅÎÔÉÏÎÓȟ ÉÎ Á ÓÉÎÇÌÅ 
number. The indicators were developed through a consultative process with international experts on 
agriculture, rural development and climate change. The major steps in the methodology included: (i) 
development of a CSA impact pathway and theory of change; (ii) selection of indicators using a set of 
established criteria; (iii) indicator scoring and aggregation using binary and Likert scoring and fuzzy logic 
methods; and (iv) testing of indicators using data from World Bank projects, and government documents. The 
indicators will guide CSA investment decisions, and assist national governments, agricultural specialists and 
natural resource managers in evaluating the productivity and climate benefits of sustainable land 
management operations. 



Oral Presentations                                                    L2.1: Developing and evaluating climate-smart practices 

 

49 

 

17:15 Towards metrics to track and assess climate smart agriculture 

 

Verhagen Jan, Huib Hengsdijk, Sjaak Conijn, Annemarie Groot, Nico Polman, Theun Vellinga, Eddy Moors 

 

Wageningen UR, droevendaalsesteeg 4, 6708 pb, Wageningen, the Netherlands   

 
To inform decision-makers, the impact of interventions and progress of climate smart agricultural practices 
need to be assessed and possible out-scaling options and trade-offs made explicit. For this purpose a 
stakeholder-based methodology is developed in which the goals and aspirations of the stakeholder are the 
main entry point. The anticipated effects of the interventions or practices applied by the stakeholder to reach 
their goals are assessed using indicators addressing food productivity, climate resilience and GHG emissions. 
The selected indicators will link to existing monitoring systems. For distinct cases of rainfed arable systems in 
sub-Saharan Africa the metÈÏÄÏÌÏÇÙ ÉÓ ÔÅÓÔÅÄ ÁÔ ÔÈÅ ÈÏÕÓÅÈÏÌÄ ÁÎÄ ÒÅÇÉÏÎÁÌ ÌÅÖÅÌȢ 3ÔÁÒÔÉÎÇ ÆÒÏÍ ÔÈÅ ÆÁÒÍÅÒÓȭ 
objectives to obtain a livelihood from agriculture several strategies, including cropping intensification, 
diversification and increasing farm size, are assessed. The long-term impacts on productivity, climate 
resilience and GHG emissions are calculated using a farm systems model. The GHG emissions are based on 
local emission factors when available or when necessary IPCC emissions factors. Long-term climate resilience 
is determined by estimating the impact of climate change on variations in crop yields and by assessing 
differences in food self-sufficiency and income via comparison of current yield levels and simulated water-
limited yield levels using historical weather data and projected changes in temperature and precipitation up to 
2050. First results reveal that less than 50% of the households succeed to escape from poverty using the most 
intensive crop production strategy. Trade-offs between production increase and GHG emissions associated 
with applying fertilizers as part of the intensification strategy occur. Depending on the strategy the increase in 
crop productivity outpaces the increase in GHG emission resulting in a lower GHG emission intensity. 
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14:00 Facing climatic variability and extremes 

 

Zougmoré Robert1, Rao K.P.C.2, Diedhiou Arona3 

 

1ICRISAT-Mali, BP 320 Bamako Mali 

2ICRISAT Ethiopia, PO Box 5689, Addis Ababa, Ethiopia 

3Université de Grenoble, BP 53, 38041, Grenoble Cedex 9, France 

 

Climate change will continue to have far-reaching consequences for agriculture that will disproportionately 

affect poor and marginalized groups who depend on agriculture for their livelihoods and have a lower capacity 

to adapt. For instance, rain-fed agriculture will remain vital for food security in sub-Saharan Africa, where 

nearly 90% of staple food production will continue to come from rain-fed farming systems. Factors like farm 

productivity, crop, market and local preferences, capacity to invest, willingness to take risks and soil quality 

play an important role, but climate variability and climate extremes will induce crop failures, fishery collapses 

and livestock deaths, causing economic losses and undermining food security. These are likely to become 

more severe as global warming continues.  

Historical statistical studies and integrated assessment models provide evidence that climate change will 

affect agricultural yields and earnings, food prices, reliability of delivery, food quality, and, notably, food 

safety. Recent AR5 show that global warming is faster than expected and point out the increasingly adverse 

role of higher temperatures irrespective of rainfall changes. It is shown for example that when warming 

exceeds +2°C, negative impacts caused by temperature rise in reducing crop yields over West Africa cannot be 

counteracted by any rainfall change (wet or dry). In this new context, these changes in the minimum and 

maximum temperature, in the daily thermal range and in the occurrence of heat waves could affect flowering, 

agricultural production and food security, human health and the demand and cost of energy. 

The occurrence of more extreme events have already been observed in many regions of the world (e.g. West 

Africa, Asia) including strong wind, heavy storms, and floods. Climate change impacts on agricultural supply 

chains also involve uncertainties, interactions, nonlinearities and tipping points. Low-income producers and 

consumers of food will be more vulnerable to climate change owing to their comparatively limited ability to 

invest in adaptive institutional systems and technologies under increasing climatic risks. In rural areas, climate 

changes have immediate and direct effects on the health and well-being of millions of households that depend 

on natural resources for their basic livelihoods. Smallholder farmers, already struggling to cope effectively 

with the impacts of current rainfall variability, will face a daunting task in adapting to future climate change. 

Predicting the exact rate, nature and magnitude of changes in temperature and rainfall is a complex scientific 

undertaking and there currently remains considerable uncertainty with regard to the final outcome of climate 

change and its impacts. Uncertainties of climate predictions at local and regional scales are a critical issue of 

understanding risks, especially with regard to implications for food security. Indeed, insuring food security for 

the projected 9 billion people in 2050 requires radical transformation of agriculture over the next four decades, 

growing more food without exacerbating environmental problems and simultaneously coping with climate 

change. 

Responses need to come quickly, with salient and tailored risk management strategies that can limit disasters 

on agricultural productions and infrastructures. Thus, the need to develop adaptation and transformation 

strategies, increase the resilience of farming systems and design coping strategies becomes a must. A better 

knowledge of how local actors such as farmers already adapt to climate variability and extreme weather 

conditions such as droughts and floods is essential to design new adaptation strategies that can be adopted 
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and used. This should encompass climate-smart planning, management and recovery approaches that will 

enable farmers to reduce their vulnerability to climate induced risks and shocks, increase their investments on 

improved management practices, enhance productivity and profitability of agricultural enterprises and 

become more resilient. In addition to adaptation technologies and practices, options that assist in enhancing 

ÆÁÒÍÅÒÓȭ ÁÂÉÌÉÔÙ ÔÏ ×ÉÔÈÓÔÁÎÄ ÔÈÅÓÅ ÏÃÃÁÓÉÏÎÁÌ ÃÌÉÍÁÔÅ ÓÈÏÃËÓ ÄÅÓÅÒÖÅ ÂÅÔÔÅÒ ÁÔÔÅÎÔÉÏÎȢ "ÅÔÔÅÒ ÍÁÎÁÇÅÍÅÎÔ ÏÆ 

surplus production from good seasons, developing community-based safety net programs and diversifying 

sources of income are possible interventions that can positively contribute to building farmersȭ ability to 

manage climate-related shocks. In India for instance, national index insurance programmes have reached over 

30 million farmers through a mandatory link with agricultural credit and strong government support. 

Also, innovative approaches for communicating risks and uncertainties to all stakeholders, notably decision-

makers and farmers, need to be investigated. Improved access to climate information, blending and sharing 

indigenous and scientific knowledge as well as facilitating dialogue between stakeholders, will contribute 

making climate-smart all the best practices of agricultural production and management systems. This is for 

instance the case in Senegal where seasonal climate forecasts, communicated in accessible and meaningful 

ways to farmers, provide invaluable knowledge for local agricultural decisions and livelihoods. This approach 

aims to translate and communicate the seasonal forecast, and an indication of its probability, in easily 

understandable language, giving farmers the capacity to make informed farm management decisions. This is 

ÃÏÕÐÌÅÄ ×ÉÔÈ ÄÉÓÃÕÓÓÉÏÎÓ ÏÎ ÆÁÒÍÅÒÓȭ ÔÒÁÄÉÔÉÏÎÁÌ ÆÏÒÅÃÁÓÔ ÐÒÁÃÔÉÃÅÓȟ ÐÒÏÖÉÄÉÎÇ ÓÐÁÃÅ ÔÏ ÓÈÁÒe the different types 

of knowledge and thus ÉÎÃÒÅÁÓÅ ÅÖÅÒÙÏÎÅȭÓ ÁÂÉÌÉÔÙ ÔÏ ÍÁËÅ ÉÎÆÏÒÍÅÄ ÃÈÏÉÃÅÓ ÁÎÄ ÇÏÏÄ ÄÅÃÉÓÉÏÎÓȢ ,ÉËÅ×ÉÓÅȟ 

advisories shared widely to farmers in Colombia allowed yielding good outcomes of climate risk management. 

Considering the progressive nature of climate change, uncertainties associated with predicting changes in 

rainfall and the need to prepare for both positive and negative potential futures, there is a need to develop 

climate change adaptation programs that are customized for different regions and climatic conditions 

focusing on options that make best of variable and changing climatic conditions. The involvement of farmers, 

policy-makers, researchers, the private sector and civil society in the research process is vital. Successful 

mitigation and adaptation will entail changes in individual behavior, technology, institutions, agricultural 

systems and socio-economic systems. These changes cannot be achieved without improving interactions 

among scientists and decision-makers at all levels of society, especially when the foremost priority is to 

achieve food security now and in the future. 
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14:30 Rainfall modifications in the context of climate change: the puzzle of the 

tropical regions 

 

Lebel Thierry, Vischel Théo 

 

LTHE, IRD & Université de Grenoble, BP 53, 38041, Grenoble Cedex 9, France 

 

The water cycle is a key element controlling the Earth climate. Evaporation and condensation of water are two 

major processes redistributing the excess of incoming solar energy arriving in the inter-tropical band towards 

the mid-latitude and polar regions. Water is also at the heart of the vulnerability and risk implications of 

climate change, as treated in the report of Working Group II of the IPCC. Unfortunately the uncertainties 

regarding the modifications of the hydrological cycle in a global warming context are as large as these 

implications. The various components of the water balance are extremely variable in time and space over a 

broad range of scales, due to the complex interaction between numbers of processes ranging from cloud 

microphysics to soil moisture transfers, through convection, plant transpiration and root extraction, aquifer 

drainage, not to mention the oceanic processes. These processes are not equally well represented in climate 

models, both for scale gap reasons and physical complexity. Consequently the predictions of climate scenarios 

regarding possible changes in the hydrological cycle may change significantly from one model to another, 

depending on the regions considered. For instance, there is an agreement that the arid and semi-arid regions 

under the influence of the descending branch of the Hadley cell will become drier and that this dry area will 

extend further poleward. Many models also forecast more intense rainfall within the Inter Tropical 

Convergence Zone (ITCZ), due to a warmer and wetter atmosphere. On the other hand, there is no consensus 

regarding the evolution of the dynamics of the monsoon systems. Consequently, the future of rainfall in South 

Asia and in West Africa is pretty much unclear, while these regions are among those which will witness the 

largest population increase over this century. The challenge for the scientific community is thus threefold. One 

is of course to improve our understanding of the scale and process interactions in the monsoon systems in 

order to better represent them in the climate models. There might well be some intrinsic limitation in this 

improvement, which means that a second major task is to better characterize the present rainfall patterns in 

tropical regions and their recent evolutions. This is clearly essential in order to study the major bias in the 

models as well as to detect possible premises of durable changes. Long-term observing systems are a key tool 

in support of this monitoring and detection work. The third challenge is to use the finer knowledge acquired on 

the multi-scale rainfall patterns in tropical regions to study their impact on hydrology and agriculture. 

Apparent contradictions may exist between the local vision of rainfall variability and the regional vision built 

from analyzing multiscale data sets. It is thus extremely important that communities of scientists working at 

different scales for different purposes have opportunities to exchange on their findings and questions on 

multiscale rainfall variability in the Tropics. This is illustrated in the following by looking in more details to 

recent advances regarding rainfall variability patterns in West Africa.  

A comprehensive study of the 1970-1990 drought that affected the whole of West Africa has led to some key 

findings on the changes of rainfall regime between the wet period 1950-1970 and the ensuing dry period. First 

of all, in absolute value, the rainfall deficit was relatively homogenous over the whole sub-continent, 

averaging around 200 mm per year; this means a relative deficit of more than 50% in the northern Sahel and a 

deficit in that may have not exceeded 15% in the humid coastal areas. Looking at finer scale, it was found that 

this reduced annual total, was mostly explained by a diminution of the number of rainy events rather than by a 

diminution of the intensity of the rainfall events. A third major finding was related to the modification of the 

seasonal cycle associated with the drought. While at the time a link was often assumed between dry years 

over the Sahel and a reduced length of the rainy season, it was shown that, in fact, dry years were rather 
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characterized by longer and more frequent dry spells at the heart of the rainy season. South to the Sahel, the 

second rainy season proved to be more affected than the first one. This has important implications for both 

climate science and agriculture. From a climate perspective it means that this not so much a different 

positioning of the ITCZ that may be the cause of the 1970-1990 drought, but rather the capacity of triggering 

convection. As for agriculture, it means that it might be as important for food security in the Sahel, to look for 

varieties able to resist to dry spells at the heart of the growing period as to try developing short cycle varieties. 

And in Sudanese regions crops growing during the second rainy season are especially at risk. 

In the 1990s, the regional rainfall pattern underwent another major change. Better rainfall conditions returned 

to the Sudanese domain, while the drought continued unabated in the Sahel. This continued drought was still 

associated with a persisting reduction of the number of rainy events. This dipole situation (more or less normal 

rainfall conditions in the South and drought in the North) is not properly seen in climate model simulations, 

which feeds the discussion about the respective roles played by a warming ocean, on the one hand, and a 

devegetated continent, on the other hand, in shaping regional rainfall patterns in West Africa.  

The 2000s have seen the emergence of yet another configuration. Rainfall returned to better rainfall 

conditions over the Central and Eastern Sahel, while it remained highly in deficit over the Western Sahel. This 

East-West dipole is seen in the recent CMIP simulations, corresponding to changes in both the Hadley cell and 

the Walker cell linking the Asian monsoon to the African monsoon. Models anticipate that this pattern will 

dominate for the decades to come. At the same time, a significant increase of extreme rainfall events is 

detected, starting at the beginning of the 2000s, explaining the more frequent occurrence of inundations all 

over the Sahel. The return to higher annual rainfall in the Central Sahel happens in a context of persisting 

deficit of the number of rain events, compensated by a larger share of strong rainfall events. This new rainfall 

regime is typical of a more extreme climate characterized by harsher dry spells during the rainy season and 

more extreme rainfall events, raising puzzling questions for both the climatologists and the agronomists. The 

first will pursue their quest for reproducing this behavior in their models, while the seconds must ponder the 

implications for cropping. 
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16:30 The potential for underutilised crops to improve food security in the face of 

climate change 

 

Massawe Festo1, Mayes Sean1,2, Cheng A.1, Chai, H.H.1, Cleasby P.1, Symonds R.1; Ho W.K.2, Siise Aliyu1, Wong 

Q.1, Kendabie P.3, Yanusa Y.4, Azman R.2, Azam-Ali Sayed N.2 

 

1University of Nottingham Malaysia Campus, Malaysia 

2Crops for the Future, Malaysia 

3University of Nottingham, United Kingdom 

4Bayero University Kano, Nigeria 

 
Food production must be increased to respond to the demands of a growing world population and the 
challenges posed by climate change. Higher temperatures, unpredictable rainfall and weather patterns, 
changes in growing seasons, increased occurrences of drought and extreme weather events will exert a 
greater strain on agriculture. Emerging evidence suggests that climate change will cause shifts in food 
production and yield loss due to more unpredictable and hostile weather patterns.  
A key strategy to adapt to a changing climate is the development and promotion of underutilised crop species. 
The world today relies on a small number of crop species for food, mainly major cereals (wheat, rice and 
maize), leaving an abundance of genetic resources and potentially beneficial traits neglected. Exploiting the 
large reservoir of minor and underutilised crop plants would provide a more diversified agricultural system and 
food sources necessary to address food and nutrition security concerns in the face of climate change. 
Underutilised crops (also known as understudied, neglected, orphan, lost or disadvantaged crops) play an 
important role in food security, nutrition, and income generation of many resource-poor farmers and 
consumers especially in the developing world.  
Using specific crop examples, we discuss the potential for underutilised crops to improve food and nutrition 
security, increase agricultural diversification and minimise environmental degradation. We present research 
evidence to suggest that crop specific traits and physiological responses contribute to underutilised crops 
resilience in the face of climate change. We urge that in the semi-arid environments these traits and 
physiological responses contribute significantly to crops ability to endure periods of water stress. We conclude 
that a key mitigation strategy to minimise the impact of climate change on crop production must be through 
the development of underutilised crops with proven potential to cope with the adverse effects of climate 
change.  
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16:45 Changes in climate variability and potential for impacts of droughts on 

agricultural markets 

 

Leclère David, Havlík Petr  

 

International Institute for Applied System Analysis (IIASA), Ecosystem Services Management program (ESM), Laxenburg, 

Austria 

 
The effects of expected future changes in climate on agriculture have long been studied but remain largely 
uncertain. Recently, collaborative efforts in the agricultural modelling community have conducted inter-
comparisons of simulated outcomes across main global modelling framework, in particular through the ISI-
MIP and AGMIP projects. This led to an improved understanding of long-term climate change related 
outcomes in the food global system, potential adaptations, and the uncertainties at stake. However, little is 
known about the risks for the agricultural sector of changes in climate inter-annual variability. 
Here we use the spatially explicit global scale crop yield simulations generated with the EPIC crop model in the 
frame of the above mentioned projects for a range of nine climatic scenarios, four crops under rainfed low- 
and high-fertilization as well as irrigated high-fertilization managements. We compare the estimated present 
and future yield variability, and develop a few metrics to estimate the potential impacts at market level of 
drought events, for the different climate change scenarios. In particular we develop statistical methods to 
estimate at high resolution places subject to drought, and then incorporate information on current land use to 
scale-up the intensity and severity of drought events with respect to their extent and impact on national 
productions levels, as an indicator of potential for market-level impacts. 
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17:00 How precisely do maize crop models simulate the impact of climate change 

variables on yields and water use? 

 

Durand Jean-Louis1, Bassu Simona2, Brisson Nadine2, Boote Kenneth3, Lizaso Jon4, Jones James W.5, 

Rosenzweig Cynthia6, Ruane Alex C.6, Adam Myriam7, Baron Christian8, Basso Bruno9,10, Biernath Christian11, 

Boogaard Hendrik12, Conijn Sjaak13, Corbeels Marc14, Deryng Delphine15, de Sanctis Giacomo16, Gayler 

Sebastian17, Grassini Patricio18, Hatfield Jerry19, Hoek Steven12, Izaurralde Cesar20, Jongschaap Raymond R .13, 

Kemanian Armen R.21, Kersebaum K. Christian22, Kim Soo-Hyung23, Kumar Naresh S.24, Makowski David2, 

Müller Christoph25, Nendel Claas22, Priesack Eckart11, Pravia Maria Virginia21, Sau Federico4, Shcherbak Iurii9,10, 

Tao Fulu26, Teixeira Edmar27, Timlin Dennis28, Waha Katharina24 

 

1Unité de Recherche Pluridisciplinaire sur la Prairie et les Plantes Fourragéres, INRA, BP 80006, Lusignan, 86600, France 

25ÎÉÔï Äȭ!ÇÒÏÎÏÍÉÅȟ ).2!-AgroParisTech, BP 01, Thiverval-Grignon, 78850, France 

3Department of Agronomy, University of Florida, P.O. Box 110500, Gainesville, FL 32611, USA 

4Department Produccion Vegetal, Fitotecnia, University Politécnica of Madrid, Madrid, 28040, Spain 

5Department of Agricultural & Biological Engineering, University of Florida, P.O. Box 110570, Gainesville, FL 32611, USA 

6Climate Impacts Group, NASA Goddard Institute for Space Studies, 2880 Broadway, New York, NY 10025, USA  

7UMR AGAP/PAM, CIRAD, Av. Agropolis, Montpellier, France,  

8CIRAD, UMR TETIS, 500 rue J-F. Breton, Montpellier, F-34093, France 

9Department of Geological Sciences, Michigan State University, East Lansing, MI, USA 

10Department Crop Systems, Forestry and Environmental Sciences, University of Basilicata, Potenza, Italy 

11Institute für Bodenökologie, Helmholtz Zentrum München, Ingolstädter Landstraße 1, D-85764, Neuherberg, Germany 

12Centre for Geo-Information, Alterra, P.O. Box 47, Wageningen, 6700AA, the Netherlands 

13WUR-Plant Research International, Wageningen University and Research Centre, P.O. Box 16, 6700AA, Wageningen, the 

Netherlands 

14CIRAD-Annual Cropping Systems, C/O Embrapa-Cerrados Km 18, BR 020 - 2ÏÄÏÖÉÁ "ÒÁÓąÌÉÁȾ&ÏÒÔÁÌÅÚÁȟ #0 ΦήΨΨΩȟ #%0 έΩΩΧΦ-

970, Planaltina, DF, Brazil 

15Tyndall Centre for Climate Change research and School of Environmental Sciences, University of East Anglia, Norwich, NR4 

7TJ, United Kingdom 

16Unité AGROCLIM, INRA, Domaine st Paul Site Agroparc, Avignon Cedex 9, Avignon, 84914, France 

17Water & Earth System Science (WESS) Competence Cluster, c/o University of Tübingen, Tübingen, 72074, Germany 

18Department of Agronomy and Horticulture, University of Nebraska-Lincoln, 178 Keim Hall-East Campus, Lincoln, NE 68503-

0915, USA 

19USDA-ARS National Soil Tilth Laboratory for Agriculture and the Environment, 2110 University Boulevard, Ames, IA 50011, 

USA 

20Pacific Northwest National Laboratory and University of Maryland, 5825 University Research Court Suite 3500, College Park, 

MD 20740, USA 

21Department of Plant Science, The Pennsylvania State University, 247 Agricultural Sciences and Industries Building, 

University Park, PA 16802, USA 

22Institute of Landscape Systems Analysis, ZALF, Leibniz-Centre for Agricultural Landscape Research, Eberswalder Str. 84, D-

15374, Muencheberg, Germany 

23School of Environmental and Forest Sciences, University of Washington, Seattle, WA 98195-4115, USA 
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24Indian Agricultural Research Institute, Centre for Environment Science and Climate Resilient Agriculture, New Delhi 110012, 

India 

25Potsdam Institute for Climate Impact Research, Telegraphenberg A 31, P.O. Box 60 12 03, D-14412, Potsdam, Germany 

26Institute of Geographical Sciences and Natural Resources Research, Chinese Academy of Sciences, Beijing, 100101, China 

27Sustainable Production, The New Zealand Institut for Plant & Food Research Limited, Lincoln, Canterbury, New Zealand 

28Crop Systems and Global Change Laboratory, USDA/ARS, 10300 Baltimore avenue, BLDG 001 BARC-WEST, Beltsville, 

20705-2350 MD, USA 

  
AgMIP is an international program bringing together research projects on climate, crop modelling and 
regional agriculture adaptation to climate change. One objective is to better assess the projections of global 
food availability depending on different staple crops (wheat, rice and maize), taking into account the 
projections of climate change for the end of century and the uncertainty attached to them. The need for 
robust estimates, i.e. good crop models for yields and use of natural resources is a prerequisite to benchmark 
the various cropping systems and local solutions that will ultimately be explored in order to cope with climate 
change, without bringing about any negative side effects on the environment. Modelers hence work together 
internationally in order to compare and improve process-based crop simulation models. Maize is a strategic 
crop, exhibiting high potential radiation and water use efficiencies and is cultivated worldwide. In a first phase, 
the impacts of CO2 and temperature on the maize yields and water use were studied using 23 crop models on 4 
sites with contrasted cool or hot climate conditions, under no water limitation (Lusignan in France, Ames in 
the United States, Morogoro in Tanzania and Rio Verde in Brasil). Models were run using local soil conditions 
and climate variables for 30 years (1980-2010) after adjusting the cultivar parameters to the ones used in one 
experiment in each site. At the four sites studied, the average values across models of simulated yields were 
closer to the observed local experimental results than the simulation of any individual model. This indicated 
that ensemble modelling could be a relevant way to approach the impact of climate change on maize yields. 
There was also a broad agreement between models to simulate a reduction in maize yield in response to 
temperature, roughly - 0.5 Mg ha-1 per °C increase, with no significant impact on water use, although the latter 
variable was estimated with a large variability between models. Plant phenology was the mostly altered 
process with increasing temperature. Shortening of the duration from flowering to maturity in particular 
reduced the gain in grain weight during that phase. This suggests that genetics could hence play a key role in 
adapting maize production to climate change, at least under high water availability. Doubling [CO2] from 360 
to 720 µmole mole-1 increased grain yield by 7.5% on average across models and sites, with a slight decrease of 
water use, bringing about an increase in water use efficiency. However, the variability of the response to [CO2] 
was very high, bringing about the need to better simulate the role of CO2, especially on plant transpiration. In 
a second phase, models are therefore now being tested against Free Air CO2 Enrichment experimental data, 
so that variability can be reduced and the actual impact of global change on water use can be assessed with 
a relevant precision to adaptating agricultural practices. 
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17:15 Modeling livestock production under climate constraint in the African 

drylands to identify interventions for adaptation  

 

Mottet Anne1, Conchedda Giulia1, de Haan Cees2, Msangi S.3, Ham Frédéric4, Lesnoff Matthieu5, Fillol, 

Erwann4, Ickovicz Alexandre6, Cervigni Raffaello2, Gerber Pierre1 

 

1FAO, 1Viale delle Terme di Caracalla 00153 Rome, Italy 

2World Bank, 1818 H St NW, Washington, DC 20433, USA 

3IFPRI, 2033 K Street, NW, Washington, DC 20006, USA 

4ACF West Africa Regional Office, Yoff Toundoup, RYA lot No. 11, Dakar, Senegal 

5CIRAD, Campus de Baillarguet, TA C-112 / A, 34398 Montpellier Cedex 5, France 

6CIRAD, Campus Montpellier SupAgro-INRA, 2, place P. Viala, 34060 Montpellier cedex 1, France 

 
In the African drylands, livestock is the main source of food, income and livelihood for millions of pastoralists 
and agro-pastoralists who are very vulnerable and exposed to climate change. Our understanding of livestock 
contribution to food security and rural development as well as climate change adaptation issues in these areas 
is still quite poor and limits our capacity to guide interventions for building resilience.  
This paper presents a modelling framework for livestock productivity under climate constraints. It is the result 
of a collaboration between FAO, CIRAD, IFPRI and Action contre la Faim (ACF), for a contribution to the World 
Bank study on the economics of resilience in the African drylands. The methodology relies on the integration 
of four models and a participative interaction with local livestock experts: biomass availability under various 
climate scenarios (baseline, mild drought, severe drought) for the period 2012-2030 was computed by 
Biogenerator (ACF); livestock population dynamics and feed requirements for different interventions 
(baseline, animal health improvements, male cattle early offtake) were extracted from MMAGE (CIRAD); feed 
rations and balances were calculated by GLEAM (FAO) and levels of demand, supply and prices were analysed 
with IMPACT (IFPRI). 
Results show that interventions can significantly increase the output of livestock products (5% to 20% in meat 
production) if accessibility to feed is improved. This can be achieved through enhancing livestock mobility, 
developing feed processing and transport and supporting market integration. Livestock systems have the 
potential to buffer climatic variability through consecutive filters and management decisions: mobility, animal 
physiology, feeding practices, herd management and eventually milk production and offtake rates. Livestock 
proves to be a significant asset for adaptation to climate change and interventions should be designed to fully 
take advantage of this potential. 
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14:00 Ex-ante evaluation of Climate-Smart Agriculture options 

 

Cassman Kenneth1, van Ittersum M. K.2, Hochman Z.3, McIntosh P.3, Grassini P.1, Yang H.1,  van Bussel L.G.J.2, 

Guilpart N.1, Van Wart J.1, Claessens L.4, Boogaard H.2, de Groot H.2, Wolf J.2, van Oort P.5 

 

1Univ. of Nebraska, USA 

2Wageningen University, the Netherlands 

3CSIRO, Australia 

4ICRISAT, Kenya 

5AfricaRice 

 

Climate-smart agriculture (CSA) involves sustainably increasing agricultural productivity and incomes, 

adapting and building resilience to climate change, and, where possible, reducing and/or removing 

greenhouse gas (GHG) emissions (FAO, 2013).There are many paths to achieve these goals, however, 

depending on the environmental and social context in which an agricultural system operates. Hence CSA 

practices may include all aspects of crop, soil, and water managementɂfrom tactical considerations involving 

time of sowing and crop maturity, to nutrient, water, and pest management and conservation tillage options, 

as well as strategic decisions about crop selection, rotations, and multiple cropping, or investment in irrigation 

infrastructure. While field studies ÃÁÎ ÅÖÁÌÕÁÔÅ ÁÎÄ ÉÄÅÎÔÉÆÙ Á ÓÅÔ ÏÆ ȰÃÌÉÍÁÔÅ ÓÍÁÒÔȱ ÐÒÁÃÔÉÃÅÓ ÔÈÁÔ ÆÕÎÃÔÉÏÎ ×ÅÌÌ 

ÁÔ Á ÇÉÖÅÎ ÌÏÃÁÔÉÏÎ ÉÎ ÔÏÄÁÙȭÓ ÃÌÉÍÁÔÅȟ ÉÔ ÉÓ ÎÏÔ ÐÏÓÓÉÂÌÅ ÔÏ ÅÖÁÌÕÁÔÅ ÔÈÅÍ ÉÎ ÆÕÔÕÒÅ ÃÌÉÍÁÔÅÓȢ  #ÒÏÐ ÁÎÄ ÃÒÏÐÐÉÎÇ 

system simulation provides a means to perform such ex-ante evaluations assuming. At issue is the source of 

×ÅÁÔÈÅÒ ÄÁÔÁ ÔÏ ÕÓÅ ÆÏÒ ÓÕÃÈ ÁÓÓÅÓÓÍÅÎÔÓȢ 4×Ï ÐÏÔÅÎÔÉÁÌ ÓÏÕÒÃÅÓ ÁÒÅȡ ɉÉɊ Á ȰÇÒÁÆÔÅÄȱ ×ÅÁÔÈÅÒ ÄÁÔÁ ÓÅÔ 

produced by imposing a climate change scenario on top of observed weather data, or (ii) weather data 

estimated at that location as simulated by a regional or global circulation model sensitive to climate change.  

In absence of long-term weather data at many locations, and especially in many developing countries, 

simulations of climate change impact on crop yields have relied on gridded weather data (GWD) with 

complete terrestrial coverage derived from global circulation models, interpolation, and satellite remote 

sensing. Examples of GWD include CRU (New et al., 2002), NCEP (Kanamitsu et al., 2002), and the NASA-

POWER database (http://power.larc.nasa.gov). Recent studies, however, have shown that simulated yields 

using GWD, which provide the basis for climate change scenarios in these previous studies, are in poor 

agreement with simulated yields with observed data resulting in large error and bias, even in countries with 

good quality weather data such as the USA or Germany (Van Wart et al., 2013a). Hence estimates of climate 

change impacts on future crop yields based on these GWD would likely give highly unreliable results. 

'ÉÖÅÎ ÐÏÏÒ ÐÅÒÆÏÒÍÁÎÃÅ ÏÆ ÔÈÅ ȰÔÏÐ-ÄÏ×Îȱ ÁÐÐÒÏÁÃÈ ×ÉÔÈ '7$ȟ ÉÓ ÔÈÅÒÅ ÖÁÌÕÅ ÔÏ ÕÓÉÎÇ Á ȰÂÏÔÔÏÍ-ÕÐȱ 

approach that upscales observed weather data from a network of weather stations located in the major areas 

of crop production to provide a robust estimate of crop production capacity under climate change at regional 

to global scales? A bottom-up approach would impose a climate change scenario on long-term daily weather 

data from existing stations and then upscale through agroecological zones (AEZs) that represent a relatively 

uniform environment for crop production. Initially only the effect of temperature and atmospheric [CO2] 

would be evaluated because model projections of rainfall change vary much more than projections of 

temperature change (Collins et al. 2013; Rocheta et al., 2014). At issue, then, is how to perform the upscaling? 

The Global Yield Gap Atlas (GYGA) has developed an upscaling protocol to improve regional to global 

estimates of yield gaps for the major food crops (www.yieldgap.org). Robust estimates of yield potential, 

either rainfed (Yw) or irrigated (Yp), are needed to calculate the yield gap, as well as an accurate estimate of 

http://power.larc.nasa.gov/
http://www.yieldgap.org/
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current farm yields (van Ittersum et al., 2013). Potential yields are simulated for a set of weather stations 

selected because they are located in climate zones that contain a large proportion of production area for the 

crop in question. Detailed data on soil properties and crop management employed by farmers in proximity to 

each weather station, represented by a 100 km buffer zone, are used as input to the crop simulation models. 

Simulated yields are then aggregated within spatial units from the AEZ (a combination of soil type and climate 

zone within the buffer zone around a weather station), to climate zones (Van Wart et al., 2013b), and national 

spatial scales based on weighting each weather station x AEZ x climate zone combination for production area 

of the crop in question. 

For countries in which good quality soil and long-term weather data are available, evaluation of the GYGA 

upscaling approach has proven to be robust. For example, a comparison of analogous climate zones in 

Argentina and Australia found much greater cropping intensity in Argentina than in Australia. Whereas an 

annual rotation of wheat, sorghum, or chickpea was the dominant system in Australia, a large proportion of 

Argentine farmers were producing two crops per year for a cropping intensity of 1.0 in Australia and 1.5 in 

Argentina.  Subsequent simulations of a wheat-mung bean double crop in the Australia climate zone found 

that both income and profit were nearly doubled with the double crop without increasing the risk (Hochman et 

al., unpublished).  

We therefore propose a bottom-up approach for assessing impact of climate change on crop production 

capacity, and benefits of CSA options, via the following approach, which follows upscaling protocols used in 

GYGA, which can be applied at a national, regional or global level: 

1. Identify the minimum number of weather stations and associated 100-km buffer zones within climate 

zones to achieve 40-50% coverage of total production area at the spatial scale of interest (e.g. regions, 

countries, continents, or global) with separate impact assessments performed for rainfed and irrigated 

crop production. Previous work has shown this amount of coverage gives robust estimates of simulated 

yields (Van Wart et al., 2013c; van Bussel et al., unpublished). This method leads to a tractable number of 

locations where detailed data are required to support simulation, including data on soil types used for 

crop production and current crop management practices. A minimum of one weather station should be 

located in all climate zones containing >5% of crop area at the scale of the study (i.e. national, regional, or 

global). For climate zones with >5% of total crop area in which there are no weather stations with 

adequate long-ÔÅÒÍ ÄÁÔÁȟ ÔÈÅ ÂÅÓÔ ÁÖÁÉÌÁÂÌÅ ȰÓÙÎÔÈÅÔÉÃȱ ×ÅÁÔÈÅÒ ÄÁÔÁ ÃÁÎ ÂÅ ÕÓÅÄȟ ÓÕÃÈ ÁÓ ÔÈÏÓÅ ÆÒÏÍ Á 

GWD source. 

2. Obtain required data for simulation of yields, including properties of dominant soil types used for crop 

production within each weather station buffer zone. 

3. Impose a climate change scenario weather database for a target year (e.g. 2050) on the daily weather 

data for each weather station by increasing the daily maximum and minimum temperature by the 

average increase in temperature and atmospheric [CO2] predicted for that location by a single or 

ensemble of global climate change models (GCMs). Temperature increases would take into account 

differences in magnitude of increase in maximum and minimum temperatures, and seasonality. 

4. Using a robust crop simulation model that has been well validated across the range of environments 

represented by the selected weather station buffer zones, simulate Yp or Yw obtained by CSA options 

under the climate change scenario weather database across the major soil types used for crop production 

using optimization procedures to identify the crop calendars that optimize yields with acceptable levels 

of risk (i.e. coefficient of variation in yield).  

5. Consistent with economic theory and observations, it is assumed that average farm yields can only reach 

85%of Yp and 75% of Yw (Cassman et al., 2003; Van Wart et al., 2013c). Hence, crop production potential 

within each weather station buffer zone under the proposed climate-smart practices is estimated as 85% 

of Yp and 75% of Yw and current crop area. 
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6. Upscale estimates of crop production potential under different CSA options by weighting estimates of 

crop production within each buffer zone by proportion of total crop area within the spatial unit of 

aggregation (e.g. climate zones, nations, continents and globally). 

We recognize two weaknesses of the proposed approach. First, it cannot account for effects of climate change 

on variability in temperature (more or less variability), or changes in rainfall amounts and timing, and solar 

radiation due to cloud cover.  However, ability to predict the magnitude and spatial manifestation of these 

weather variables in future climates is relatively uncertain with current GCMs. Likewise, the bottom-up 

approach proposed here allows focus on temperature effects without uncertainty associated with GWDs in 

producing reliable estimates of Yp and Yw by simulation. A second weakness is difficulty in estimating crop 

production potential in areas not currently under crop production. This limitation could be overcome by 

obtaining long-term climate and soil data for current natural ecosystems with potential to produce crops 

although there is growing consensus to avoid expansion of crop area through conversion of carbon-rich and 

biodiverse natural ecosysetms due to its large impact on GHG emissions and loss of wildlife habitat. Hence the 

goal of achieving highest possible yield on minimum possible land area represents a key component of 

mitigating and adapting to climate change (Lobell et al. 2013).  Hence, most existing crop area must produce 

yields as close to the yield potential ceiling as is economically and environmentally acceptable, which typically 

falls within 75-85% of Yw or Yp. 

A final point to make is that access to good quality soil and long-term weather data is essential to support ex-

ante assessment of CSA practices in both current and future climates. The good news is that considerable 

investment is now being given to improving soil data in places like SSA and some other developing and 

developed countries. In contrast, there is much less investment to ensure good quality weather data in all 

important crop producing areas worldwide, and there is danger of continued atrophy. And while some suggest 

that breakthroughs in remote sensing or crowd-sourcing of climate data can overcome disinvestment in 

weather stations, there is simply no evidence to suggest that such techniques can replace the need for good 

quality observed data from stations located in major agricultural areas. We conclude that investment in good 

quality daily weather data with spatial coverage sufficient to provide reliable information about climatic 

ÃÏÎÄÉÔÉÏÎÓ ÄÕÒÉÎÇ ÔÈÅ ÇÒÏ×ÉÎÇ ÓÅÁÓÏÎ ÆÏÒ ÔÈÅ ×ÏÒÌÄȭÓ ÍÏÓÔ ÉÍÐÏÒÔÁÎÔ ÃÒÏÐ ÐÒÏÄÕÃÔÉÏÎ ÒÅÇÉÏÎÓ ÉÓ ÐÅÒÈÁÐÓ ÔÈÅ 

single highest priority investment the public sector can make to help farmers adapt to climate change, and it 

will also greatly improve our capacity to assess the impact of climate-smart practices. 
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14:30 Will sustainable intensification get us to 2 degrees Celsius?  

 

Wollenberg Lini1, Richards Meryl1, Havlik Petr2, Smith Pete3, Carter Sarah4, Herold Martin4 

 

1CGIAR Research Program on Climate Change, Agriculture and Food Security (CCAFS), Gund Institute for Ecological 

Economics, University of Vermont, USA 

2International Institute for Applied Systems Analysis (IIASA), Austria 

3University of Aberdeen, United Kingdom 

4Wageningen University and Research Centre, the Netherlands 

 

Sustainable intensification (SI) of crops and livestock is the current dominant paradigm of agricultural 

development-- and increasingly of low emissions agriculture. If the aim of SI is to increase food production on 

a given land area in ways that reduce pressure on the environment and maintain our capacity to produce food 

in the future (Garnett et al. 2013), many of the practices that support SI also reduce greenhouse (GHG) 

emissions. For example, making more efficient use of land, nitrogen fertilizer, fossil fuels and water in paddy 

rice contribute to sustainable intensification, but are also practices for significantly reducing emissions. How 

much can SI contribute to mitigation and would the reductions be sufficient to meet climate change 

mitigation targets? 

To answer this question, we analyse two dimensions of sustainable intensification relative to the 2 degree 

Celsius goal: emissions from related agricultural practices and emissions reductions from avoided expansion 

into forest lands and grasslands.   

In the 2009 Copenhagen Accord, countries party to the UNFCCC recognized that to prevent dangerous climate 

ÃÈÁÎÇÅȟ Ȱthe increase in global temperature shÏÕÌÄ ÂÅ ÂÅÌÏ× Ψ ÄÅÇÒÅÅÓ #ÅÌÓÉÕÓȱ by 2100 relative to pre-

industrial conditions.   

Using this target and the representative concentration pathway (RCP) 2.6 scenario for 2030, we outline an 

approach for comparing the emissions likely to result from sustainably intensified agriculture with the 

reductions estimated necessary in the agricultural sector to meet the 2 degree Celsius target.    

The RCP2.6 scenario is the most ambitious of the RCPs produced for the IPCC and represents the goal of 

achieving 2.6 W/m2 radiative forcing in 2100, which equates to about 450 ppm of CO2e and is expected to limit 

warming to less than a 2-degree Celsius change in 2100 relative to pre-industrial conditions. It includes 

assumptions about economic activity, energy sources, population growth and other socio-economic factors 

(Van Vuuren et al. 2011). 

We examine the mitigation possible from crop and livestock agronomic practices associated with sustainable 

intensification using data on mitigation potentials from Smith et al. (2008) and Smith et al. (2013). We do not 

consider aspects of sustainable intensification associated with pesticides or crop breeding. We also do not 

consider emissions in the food production cycle from fertilizer production, transport or processing or 

embodied emissions in these processes. 

Our preliminary analysis using this approach suggests that if all practices were adopted at carbon prices of 

$20/tCO2, only 28 to 60% of the mitigation needed in the agricultural sector to reach the 2 degree Celsius 

target would be achieved.  This figure describes only the mitigation in the agricultural sector.   

The analysis indicates that using current agronomic practices alone would not be sufficient to close the 

emissions gap for agriculture in 2030. Rather, new practices with emissions two to three times lower than 

existing current known practices would be needed. Massive innovation or high levels of adoption by farmers 
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everywhere would be needed. This would be a radical departure from current approaches of promoting known 

conventional technologies for low emissions agriculture. Other aspects of sustainable intensification, such as 

breeding more productive crops and livestock that also make more efficient use of inputs and avoided land use 

change, will most likely be necessary to meet climate targets within the agricultural sector.  

To better understand the potential decreases in land area from SI, we review current scenarios for food 

demand and land conversion of forest and grassland areas and compare these predictions also against the 2-

degree goal in the land use change sector. Most scenarios predict further expansion will be needed to meet 

ÔÈÅ ÇÌÏÂÅȭÓ άΦϻ ÐÒÅÄÉÃÔÅÄ ÉÎÃÒÅÁÓÅ ÉÎ ÆÏÏÄ ÐÒÏÄÕÃÔÉÏÎ ÂÙ ΨΦΫΦ ×ÉÔÈÏÕÔ ÍÁÊÏÒ ÓÈÉÆÔÓ ÉÎ ÁÇÒÉÃÕÌÔÕÒÁÌ ÉÎÖÅÓÔÍÅÎÔ 

or consumption.  Thus, even with the benefits of land sparing, meeting future food demand is likely to create 

conflict between the objectives of food security and meeting climate targets from avoided deforestation.  

This preliminary analysis depends on assumptions related to 2030 emissions projections and the mitigation 

expected to occur in the agricultural sector under RCP2.6. It also uses a mix of projections from different 

sources. Developing a coherent set of projections and baselines for both agriculture and land use change will 

be necessary for a more robust analysis. Further analysis of the sustainability implications is also needed. 

Better understanding the potential mitigation from sustainable intensification will help show what other 

measures may be necessary. Reducing waste and shifting dietary patterns may well be critical to meet targets 

(Smith and Gregory 2012).  

We conclude with observations about the policy measures needed to jointly support sustainable 

intensification and avoid increased land use change to achieve the 2- degree target. 
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16:30 Climate readiness in smallholder agricultural systems: Lessons learned 

from REDD+ 

 

Zurek Monika, Streck Charlotte, Roe Stephanie, Haupt Franziska with contributions from Wollenberg Lini and 

de Pinto Alex 

 

Climate Focus, Sarphatikade 13, 1017 WV Amsterdam, the Netherlands 

 
The debate around the role of agriculture in mitigating climate change and sequestering greenhouse gases is 
politically complex and technically complicated. In many countries, and particularly in developing countries 
with a large smallholder population, the agricultural sector faces competing priorities, such as national food 
security goals, poverty alleviation, addressing natural resource degradation and adapting to the already visible 
effects of climate change. Many of these goals are closer to the immediate, short-term priorities of national 
decision-makers, relegating climate change mitigation to a secondary priority. It is therefore essential to 
implement mitigation strategies in concert with strategies that increase the resilience and increase the 
productivity of agricultural systems. 
In the forestry sector, international negotiations on an incentive framework for reduced emissions from 
deforestation and forest degradation (REDD+) have triggered action at the multilateral, bilateral and national 
levels to design policies that support activities taken to avoid forest-based emissions and change land-use 
management. The objective of this study is to evaluate to which extent the REDD+ experience can serve as a 
model for agriculture, whether a readiness process as in REDD+ would be useful for agriculture, how it could 
be structured and implemented, and if overlaps and synergies in the REDD+ readiness or other climate 
readiness processes could be incorporated. 
Despite differences in the forestry and the agricultural sectors, experiences from the REDD+ readiness phase 
can offer useful lessons for an agricultural readiness process. The REDD+ readiness process created an overall 
coherent structure, framework and process of guiding countries towards developing the technical and 
institutional ability to integrate mitigation activities into their land-use sectors. In addition to the key lessons, 
the paper describes the components of a possible agricultural readiness process and lays out the basic steps 
for its implementation at the country level.  
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16:45 Assessing low emissions agricultural pathways under alternative climate 

policy regimes 

 

Kleinwechter Ulrich1, Havlik Petr1, Levesque Antoine1, Forsell Nicklas1, Zhang Yuquan W.1, Fricko Oliver2, Riahi 

Keywan2, Obersteiner Michael1 

 

1International Institute for Applied Systems Analysis (IIASA), Ecosystems Services and Management Program, Schloßplatz 1, 

2361 Laxenburg, Austria 

2International Institute for Applied Systems Analysis (IIASA), Energy Program, Schloßplatz 1, 2361 Laxenburg, Austria 

 
With almost one quarter of anthropogenic greenhouse gas (GHG) emissions and high potential for GHG 
sequestration, the agricultural and land-use sector has to be part of any strategy for climate change 
mitigation. The contribution of agricultural mitigation depends on socio-economic development, the 
stringency of the emissions ceiling, and the design of climate policy. The extent of this contribution and its 
composition, however, is not yet well understood. Applying the IIASA integrated assessment modelling 
framework with GLOBIOM used for the agricultural sector, we analyze the extent of agricultural mitigation 
required to stay within emissions levels given by the Representative Concentration Pathway (RCP) 3.7 for 
three Shared Socio-economic Pathways (SSP) up to 2050. The effects of policy assumptions for exemptions 
from climate policy for selected developing country groups on mitigation, emission levels, and climate forcing 
and temperature are assessed. The extent of agricultural mitigation to limit emissions to levels consistent with 
RCP3.7 is 5.0 GtCO2eq/yr, 8.8 GtCO2eq/yr and 8.2 GtCO2eq/yr under SSP1, SSP2, and SSP3, respectively. The 
bulk of abatement comes from mitigation in land use change (LUC), which contributes about 95% until 2050 
under all SSPs. Mitigation in crop and livestock production accounts for 5% of abatement, with the highest 
potential in livestock production (up to 82%). Forest-rich countries in South America, Sub-Saharan Africa, and 
South-East Asia with high potential to reduce LUC emissions bear the largest share of mitigation. Policy 
exemptions for the BRICS, tropical forest basin countries, the LDC or the group of all developing countries lead 
to shortfalls in mitigation of up to 2.5 GtCO2eq/yr, bringing the world closer to forcing levels as in RCP4.5 and 
the associated temperature increases. This underlines the need for global collaboration in policies for climate 
change mitigation in agriculture.       
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17:00 Climate-smart coffee systems in East Africa 

 

Jassogne Laurence1, van Asten Piet1, Laderach Peter2, Craparo S.7, Liebig Theresa2, Rahn Eric2, Baca Maria2, 

Graefe S.3, Whitbread Anthony3, Nibasumba Anaclet4, Ampaire Edidah 1, Kagezi Godfrey5, Vaast Philippe6 

 

1International Institute of Tropical Agriculure (IITA), P.O.7878, Kampala, Uganda 

2International Center of Tropical Agriculture (CIAT), Cali, Columbia 

3Goettingen University, Goettingen, Germany 

4Institut des Sciences Agronomiques du Burundi (ISABU), Bujumbura, Burundi 

5National Coffee Research Institute (NaCORI), Mukono, Uganda 

6World Agroforestry Centre (ICRAF - CIRAD), Nairobi, Kenya 

7University of Witwatersrand (WITS), South Africa 

 
It is well known now that in East Africa climate change will have a massive impact on the productivity of coffee 
and on the livelihoods that depend on it. In this study, current and future suitability of coffee were mapped 
using 19 climatic variables and 21 IPCC models. The maps were validated with field data. Furthermore, long-
term historical data was used to confirm the impact of climate change on coffee productivity. Although we 
know that climate change will have an impact on the productivity of coffee, smallholder coffee systems also 
face other constraints at various levels that need to be understood in order to develop climate-smart systems. 
With the proof that climate change will lead to a decrease of coffee productivity and with knowledge of the 
major constraints in the different coffee-based systems not only at plot level but also at household, 
community and landscape level, we have developed shaded systems combining cash and food crops that can 
play a major role in adapting East African coffee smallholder systems into areas where population pressure 
keeps on increasing. Developing these strategies, we show that only thinking about getting farmers more 
ȬÔÅÃÈÎÉÆÉÅÄȭ ÉÓ ÎÏÔ ÔÈÅ ÒÉÇÈÔ ÓÏÌÕÔÉÏÎȢ -ÏÒÅ ÃÁÓÈ ÉÎ ÔÈÅ ÐÏÃËÅÔ Äoes not necessarily mean more food security 
and more resilience. Furthermore, strategies currently promoted by the industry often lead to more gender 
imbalances than before. We show how developing CSA practices need to take constraints and actors at nested 
scales (i.e. from plot to region) into consideration. Doing this in a participatory way is crucial to ensure impact 
in the long term. 
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17:15 Prioritizing climate-smart agricultural interventions at multiple spatial and 

temporal scales 

 

Shirsath Paresh B.1, Dunnett Alex2, Aggarwal Pramod K.3, Ghosh J.4, Joshi Pramod K.4, Thornton Phillip5, Pal 

B.6 

 

1PDF- Climate Change Adaptation, CCAFS, IWMI-New Delhi, India     

2CCAFS, IWMI-New Delhi, India  

3CCAFS-South Asia, IWMI-New Delhi, India  

4IFPRI, New Delhi, India    

5Theme Leader ɀ Data and Tools, CCAFS   

6ISEC, Bengaluru, India 

 

Climate-smart interventions have varying costs and environmental and economic impacts, and their 
implementation requires appropriate investment decisions in both on-farm capital of individual farmer and 
wider community-level agricultural outreach programmes that are relevant in current as well as future 
scenarios of climate and economic development. Decision support tools are therefore needed that can assist 
different stakeholders to prioritize and hence take appropriate strategic interventions to transform agriculture 
to become climate-resilient, adaptive and efficient. This study highlights the development and validation of 
the Climate Smart Agricultural Prioritization (CSAP) toolkit. This toolkit develops a dynamic, spatially-explicit 
optimisation model to explore a range of sectorial growth pathways coupled with climate-adaptation 
strategies. Integrating detailed bottom-up biophysical, climate impact and agricultural-emissions models, this 
tool is capable of supporting multi-objective analysis of agricultural production in relation to food self-
sufficiency, incomes and mitigation targets. CSAP toolkit supports wide range of analyses ranging from food 
security assessment to preparation of climate smart development plans. The CSAP toolkit is demonstrated on 
a case-study application for the state of Bihar, situated in the Indo-Gangetic plain of northern India. We 
develop a range of baseline growth scenarios and assess their vulnerability to climate-change impacts for 
near-term (2020s), mid-term (2050s) and long-term (2080s) under CMIP5 based new emission scenarios. We 
then explore the potential strategies for climate change adaptation and the resulting priorities for investment 
in climate-smart agriculture in the near and long-term (2020 to 2080). The investment required to climate-
proof agricultural development is explicitly identified ɀ providing valuable bottom-up evidence to support top-
down estimates of the costs of climate change adaptation. Through application of the model to a range of 
constrained growth pathways we have been able to demonstrate the potential of the model to identify 
priorities for investment in: (i) Crops best suited to delivering target growth under impacts of climate change 
on yields; (ii) Technologies to deliver targeted increases in growth based on potential yield increases and 
efficient use of resources; and (iii) Locations for priority investment given existing surplus productive capacity.   
 
CSAP was developed to bring analytical rigour in planning process and in solving developmental problems ɀ in 
particular supporting the developing countries in their preparation of National Adaptation Programmes of 
Action (NAPAs), National Adaptation Plans (NAPs) and Nationally Appropriate Mitigation Actions (NAMAs) 
under the UNFCCC framework.  
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14:00 Plant breeding for climate-smart agriculture 

 

Glaszmann Jean Christophe   

 

UMR Amélioration Génétique et Adaptation des Plantes (Agap-DDSE), CIRAD, France 

 

Plant breeding is the activity of developing diverse plant varieties that can contribute usefully to cropping and 

ÐÒÏÄÕÃÔÉÏÎ ÓÙÓÔÅÍÓȢ 4ÈÅÓÅ ÂÒÅÅÄÉÎÇ ÅÆÆÏÒÔÓ ÁÒÅ ÄÉÒÅÃÔÅÄ ÁÔ ÐÌÁÎÔ ÉÍÐÒÏÖÅÍÅÎÔȢ "ÕÔ ȬÉÍÐÒÏÖÅÍÅÎÔȭ ÉÓ Á 

subjective and relative goal and it is useful to regularly break up plant breeding objectives and procedures into 

clearly defined and manageable units. 

Owing to the imperatives of food security, plant breeding must combine the objective of ecological 

intensification with that of adaptation to overall societal and global changes. It must integrate diverse 

objectives and selection criteria. It must accommodate demands made by new stakeholders willing to help 

define objectives and evaluate breeding results. 

The so-ÃÁÌÌÅÄ ȰÇÅÎÅÔÉÃ ÇÁÉÎȱ ÍÕÓÔ ÎÏÔ ÏÎÌÙ ÃÏÎÓÉÄÅÒ ÔÈÅ ÂÅÎÅÆÉÔÓ ÒÅÁÐÅÄ ÂÙ Á ÆÁÒÍÅÒ ÕÓÉÎÇ ÁÎ ÉÍÐÒÏÖÅÄ ÖÁÒÉÅÔÙ 

at the level of his/her plot, but also its expected economic, social and environmental impacts on a larger scale 

in the event of a wider dissemination of this variety.  

0ÌÁÎÔ ÂÒÅÅÄÉÎÇ ÉÓ ÁÌÓÏ Á ÂÕÓÉÎÅÓÓ ×ÈÉÃÈ ÍÕÓÔ ÅÎÓÕÒÅ Á ȬÒÅÔÕÒÎ ÏÎ ÉÎÖÅÓÔÍÅÎÔȭ ÁÎÄ ÐÒÏÄÕÃÅ ÇÏÏÄÓ ɉÎÅ× 

varieties) that ensure a convergence of interests of different economic stakeholders. 

Climate change is projected to reduce yield growth rates in much of the world, especially in tropical regions. 

The Intergovernmental Panel on Climate Change (IPCC) reported that climate change might reduce yields per 

hectare of wheat, rice, and maize by up to 2 percent per decade starting 2030 compared with projected yields 

without climate change. Many regions will face increased water stress because of rising competition for water 

resources and altered precipitation patterns linked to climate change. Furthermore, except in Africa, fertilizer 

application is already at or above agronomically or environmentally sustainable levels and many regions have 

maximized their use of irrigation. 

Crop breeding can be considered helping address climate change-related stakes by 1) helping enable farmers 

to avoid crop losses related to climate change to the degree that it results in crop varieties that are more 

resilient to the effects of climate change and 2) helping reduce greenhouse gas emissions from agriculture by 

preventing further land conversion to agriculture thanks to increased yields per hectare as well as by reducing 

the need for fertilizer thanks to increased fertilizer use efficiency. 

Global change occurs at such scales and speeds that agricultural systems could respond by replacing species 

rather than by seeking better adapted varieties of the usual species. Therefore, it is also necessary to foresee 

ÔÈÅ ÅÖÏÌÕÔÉÏÎ ÏÆ Á ȬÐÏÒÔÆÏÌÉÏȭ ÏÆ ÓÐÅÃÉÅÓ ÕÓÅÄ ÉÎ ÔÁÒÇÅÔ ÒÅÇÉÏÎÓȢ 4ÈÅ ÌÉËÅÌÙ ÉÎÃÒÅÁÓÅ ÉÎ ÄÉÖÅÒÓÉÔÙ ÁÎÄ ÔÕÒÎÏÖÅÒ ÏÆ 

ecological, agronomic and socio-economic situations for each species raises the question of which varietal 

deployment strategy to select. Should one select many local genotypes with short lifespans or fewer versatile 

varieties with longer lifespans? 

Biological sciences are going to strengthen the foundation for plant breeding. After diffuse domestication of 

crops, the integration of science into formerly empirical breeding coincided with the emergence of genetics 

and heredity. Applied in concert with a spirit of industrialization, it led to the emergence of a whole plant 

ÂÒÅÅÄÉÎÇ ÓÅÃÔÏÒ ÏÆ ÅÃÏÎÏÍÉÃ ÁÃÔÉÖÉÔÙ ÁÎÄ ÅÎÁÂÌÅÄ ÔÈÅ Ȭ'ÒÅÅÎ 2ÅÖÏÌÕÔÉÏÎȭȢ  
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During this time, plant breeding activities have been undertaken in an agricultural context of artificialization 

and standardization of the crop environment. Only a limited number of target environments were considered 

and plant breeders optimized the use of resources and practices ɀ population size, selective pressure, etc. ɀ in 

this configuration. This approach was very effective in applying quantitative genetics while according limited 

importance to the biological fundamentals of variation in traits and adaptation. How to maintain such growth 

in crop yields in increasingly difficult physical conditions due to a changing climate and increased water 

scarcity?  

The key challenge in biological sciences, and the key opportunity, is of integrating knowledge at different 

scales in the functional dimension ɀ of molecules, tissues, organs, whole plants and crop stands at different 

phenological stages, as well as in the recombinational dimension ɀof nucleotides, genes, genomes 

arrangements, populations, species complexes.  

Functional diversity. Recent technological and methodological developments in the field of genomics now 

offer the opportunity to understand the patterns of regulation by genes and assessing their relevance to the 

spatio-temporal variability of constraints for which an improvement is required. Climate change is likely to 

modify patterns of stresses that affect the plants and lead to revision of plant ideotypes for guiding breeding 

objectives. In this context the key features are probably: Water use efficiency; Plant phenology; Response to 

CO2; Nitrogen use efficiency. 

This requires collective organization of phenotyping resources so that they can be accessed most widely and 

easily. 

Re-combinational diversity. There is generally a wealth of germplasm available in collections and on sites in 

ÆÁÒÍÅÒÓȭ communities. The biological quest then becomes that of localising favourable genetic factors on the 

genome, within the distribution of the species and its relatives. There are sampling methods that facilitate this 

search as long as germplasm is well preserved.*, which are based again on molecular tools that span the 

diversity along the genome. 

The same tools can then be used for steering recombination in progenies or possibly as well in materials 

derived from genetic engineering. This confers breeders the ability to ÓÅÌÅÃÔ ÏÎ ÔÈÅ ÂÁÓÉÓ ÏÆ ȰÇÅÎÏÔÙÐÉÃ ÖÁÌÕÅÓȱ 

estimated early with techniques applied in laboratories. This opens opportunities for actions such as: 

- Whole-genome analysis and selection on the basis of carefully studied training populations 
- Genotype recombination to maximise genotypic diversity in search for novel assortments 
- Genotype designing in order to explore stepwise variation around widely appreciated cultivars. 

This requires collective organization of genomic resources so that they can be accessed most widely and 

easily.  

Computational biology. Modern biology is extremely data-intensive. Technologies rapidly gain in 

throughput, amplifying the dimensions of the data systems, which require validation, organization and 

integration. Modelling must be applied to a whole range of questions, be they focused on the genome, the 

populations, the plants as a system, the interactions, etc. 

This again requires collective organization of resources, here computational, so that they can be accessed 

most widely and easily. 

In the context of climate-smart agriculture, plant breeding must also not forget to address more diverse 

needs and take into account more complex biological functions which are in interaction with other organisms 

of the cropping systems. In some cases, these functions can be explained by specialized research and can be 

translated into absolute selection criteria (e.g., an intrinsic ability to use mineral resources). In a majority of 

cases, however, new and multifaceted phenotyping methods of unprecedented complexity will have to be 

implemented, ones that use biological interactions. 
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Plant breeding must also expand its scope to include a greater number of species in order to encourage a 

general expansion of the biological bases that agronomists and farmers rely upon. We will have to expand the 

range of species we work with to include new ones, especially service species and/or those that have not been 

ɀ or are as yet little ɀ domesticated. Our range of breeding objectives and conditions under which we 

undertake breeding should also be expanded.  

Plant breeders should focus on developing new skills in multigenotypic breeding for using internal 

complementarities in order to create complex crop stands which are conducive to ecological intensification. 

Associations with farmers ɀ in their roles as intermediaries or full partners ɀ must be strengthened and 

simplified. This will require an analysis of roles of all actors, a translation of methods and a structuring of 

partnerships in order to optimize the process of innovation as a whole, including the fine-tuning of the 

innovation to the local context. Dissemination methodologies and approaches will remain important issues 

and a source of determinant technological options. 

 

References: 

Ahmadi N., Bertrand B., Glaszmann J.C. (2013) Rethinking Plant Breeding. In : Hainzelin Etienne (ed.). 

Cultivating biodiversity to transform agriculture. Heidelberg : Springer [Germany], p. 91-140. 

Searchinger T., Hanson C., Lacape J.M., (2014) Crop Breeding: Renewing the Global Commitment. Working 

Paper, Installment 7 of Creating a Sustainable Food Future. Washington DC: World Resources Institute.  
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14:30 What impact of climate change on animal health? 

 

Lancelot Renaud, Guis Hélène, Lefrançois Thierry 

 

Cirad, INRA, UMR CMAEE, France  

 

Several animal or zoonotic emerging infectious disease (EID) events were recently caused by vector-borne 

pathogens, e.g. bluetongue virus (BTV) transmitted by biting midges which caused huge economic losses in 

western Europe between 2006 and 2009, and is still around, or tick-borne encephalitis in northern and central 

Europe, causing several thousands of clinical cases in humans. The effects of climate changes have been put 

forward to explain these EID events. Because the bio-ecological features of arthropod vectors make them 

highly sensitive to environmental conditions, vector-borne diseases are ideal candidates to assess the effect of 

climate changes on EID. The question was extensively studied these past years.  

&ÏÒ ÉÎÓÔÁÎÃÅȟ ÔÈÅ ÅÆÆÅÃÔÓ ÏÆ ÃÌÉÍÁÔÅ ÏÎ "46ȭÓ ÅÍÅÒÇÅÎÃÅ ÉÎ %ÕÒÏÐÅ ×ÅÒÅ ÅÖÁÌÕÁÔÅÄ ÂÙ ÉÎÔÅÇÒÁÔÉÎÇ ÈÉÇÈ-

resolution climate observations and model simulations within a climate-driven, mechanistic transmission 

ÍÏÄÅÌ ÏÆ "46Ȣ 4ÈÉÓ ÍÏÄÅÌ ÅØÐÌÁÉÎÅÄȟ ÉÎ ÂÏÔÈ ÓÐÁÃÅ ÁÎÄ ÔÉÍÅȟ ÍÁÎÙ ÁÓÐÅÃÔÓ ÏÆ "46ȭÓ ÒÅÃÅÎÔ ÅÍÅÒÇÅÎÃÅ ÁÎÄ 

spread, including the 2006 BTV outbreak in northwest Europe which occurred in the year of highest projected 

risk since at least 1960. Driven by simulated future climate from an ensemble of 11 regional climate models, 

the model projected an increased future risk of BTV emergence across most of Europe with uncertainty in rate 

but not in trend.  

More generally, results showed that each EID is a special case and involves a complex network of interacting 

causes. In several cases, socio-economic changes, including the intensification of trade and travels, were found 

to have a dominant effect over climate changes. This is particularly true for tick-borne encephalitis in northern 

and central Europe. 

Conversely, the indirect effects of climate changes on animal health have been rarely studied so far. For 

instance, regarding northern and sub-Saharan Africa, climate-change scenarios often point to important 

consequences on farming systems (e.g., greater importance of small ruminants with respect to cattle) and 

urbanization. These changes will cause major changes in transboundary livestock trade, thus allowing the 

introduction of pathogens (and their possible vectors) into previously free areas. This is a further illustration of 

the need to better control animal diseases in their geographic are of endemicity, and to improve surveillance 

and preparedness for early warning and reaction in case of high risk of EID. 
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16:30 Reducing nitrogen run-off and emission, and increasing rice productivity in 

African rice production environment  

 

van Boxtel Jos1, Selvaraj Michael2, Dartey Kofi3, Lamo Jimmy4, Asante Maxwell3, Lu Zhongjin1, Ishitani 

Manabu2, Addae Prince5, Sanni Kayode5 

 

1Arcadia Biosciences, Davis CA 95618, USA 

2CIAT, AA6713 Cali, Colombia 

3CSIR- CRI, PO Box 3785, Kumasi, Ghana 

4NARO-NaCRRI, Box 7084, Kampala, Uganda 

5AATF, PO Box 30709, Nairobi, Kenya 

 
Nitrogen (N) deficiency is a common problem of economic importance in rice. Thus, N fertilizers are a major 
input cost in rice production and its excessive application leads to high environmental pollution. Development 
of rice varieties with improved nitrogen use efficiency (NUE) is essential for sustainable agriculture. NERICA4 
(New Rice for Africa) rice lines over-expressing barley alanine amino transferase (HvAlaAT) under the control 
of a rice stress-inducible promoter (OsAnt1) were evaluated in the framework of an international humanitarian 
effort. The result of field evaluations over three growing seasons in three environments (Colombia, Ghana, 
Uganda) and three nitrogen levels (30, 60 and 90 kg N/ha) revealed that grain yield of OsAnt1:HvAlaAT lines 
was significantly higher than wild type and null sibling controls under different N application rates. Our field 
results clearly demonstrated that this gene insertion can significantly increase the dry biomass and grain yield 
compared to controls under low N supply. Increased yield in high-performing lines correlated to early 
establishment of vigorous root system, increased tiller, panicle number and grain weight. However, 
preliminary analysis of metabolic composition of high-performing events did not show significant differences 
compared to controls. Our results suggest that the HvAlaAT gene has the potential to improve NUE, which will 
significantly reduce N fertilizer usage, improve productivity, augment farm economics and minimize 
greenhouse gas emissions from the rice ecosystem, thereby improving food security and simultaneously 
reducing environmental pollution. Currently, Nerica lines carrying combined gene insertions for NUE and salt- 
and drought tolerance, potentially harnessing crops for climate change, are being field tested. 
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16:45 Utilization of ex situ collections and climate analogues for enhancing 

adaptive capacity to climate change 

 

Archak Sunil1, Semwal D.P.1, Pandey Sushil1, Mittra Sarika2, Mathur P.N.2, Agarwal Pramod3, Bansal K.C.1 

 

1ICAR-National Bureau of Plant Genetic Resources, Pusa Campus, New Delhi 110 012, India  

2Bioversity International, Pusa Campus, New Delhi 110 012, India 

3IWMI, Pusa Campus, New Delhi 110 012, India  

 
Climate smart agriculture hinges on the cultivars with greater adaptability and resilience. This in turn 
necessitates the use of a wider range of intra-specific diversity conserved in the genebanks. Estimation of 
adaptive capacity of genebank accessions based on passport data and identification of germplasm accessions 
with excellent adaptation potential can help develop climate smart crop varieties. Globally, genebanks are 
working to bring together the inherent diversity of ex situ collections and power of climate analogues for 
enhancing adaptive capacity of food crops to climate change. 
We attempted to employ climate analog tools to identify pre-adapted germplasm (value addition to genebank 
collections) and vulnerable areas (for collection and conservation) in five selected crops ɂ wheat, pearl millet, 
chickpea, pigeon pea and sorghum. The methodology comprised geo-referencing and clustering the 
accessions, climate matching and identifying vulnerable areas, designating pre-adapted material, collecting 
germplasm from predicted sites, and developing database and climate maps. 
Information on 38,126 genebank accessions collected from India belonging to five target crops was mined and 
the accessions were geo-referenced and mapped based on their collection sites. Locations were clustered 
(FloraMap) based on the climatic attributes observed over the growing season. Changes in the mean 
maximum temperatures confined to cropping season for each of the five crop species were employed to map 
(ArcMap) areas most vulnerable to changing climate. Vulnerable sites thus identified were further supported 
by climate matching (MaxEnt). Further, 137 genebank accessions originating from sites experiencing top-
bracket temperature variables were provisionally designated as pre-adapted for elevated temperature 
regimes.  
Tools to predict and identify of vulnerable sites are becoming sophisticated and realistic. These tools need to 
be employed for identification of critical sites for collection and recollections of germplasm including 
landraces and crop wild relatives.
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17:00 Adaptation of Mediterranean bovine livestock to climate constraints. 

Genetic diversity and breeding systems  
 

Flori Laurence1,2, Moazami-Goudarzi Katayoun1, Lecomte Philippe3, Moulin Charles-Henri3,4, Thévenon 

Sophie2, Alary Véronique3, Casabianca François5, Lauvie Anne5, Boushaba Nadjet6, Saïdi-Mehtar Nadhira6, 

Boujenane Ismail7, Araba Abdelillah7, Menni Dalal7, Pineau Olivier8, Ciampolini Roberta9, Casu Sara10, 

ElBeltagy Ahmed11, Osman Mona-Abdelzaher11, Rodellar Clemen12, Martinez Amparo13, Delgado Juan-

Vicente13, Landi Vincenzo13, Hadjipavlou Georgia14, Ligda Christina15, Gautier Mathieu16, Laloë Denis1 

 
1INRA/AgroParisTech,  GABI, 78352 Jouy-en-Josas, France 

2Cirad, INTERTRYP, 34000 Montpellier, France 

3Cirad, SELMET, 34000 Montpellier, France 

4Montpellier SupAgro, SELMET, 34000 Montpellier, France 

5INRA, LRDE, 20250 Corte, France 

6Université ÄÅÓ 3ÃÉÅÎÃÅÓ ÅÔ ÄÅ ÌÁ 4ÅÃÈÎÏÌÏÇÉÅ Äȭ/ÒÁÎȟ $ïÐÁÒÔÅÍÅÎÔ ÄÅ 'ïÎïÔÉÑÕÅ -ÏÌïÃÕÌÁÉÒÅ !ÐÐÌÉÑÕïÅȟ ΩΧΦΦΦ /ÒÁÎȟ !ÌÇÅÒÉÁ 

7Institut Agronomique et Vétérinaire Hassan II, Département de Productions et de Biotechnologies Animales, 10101 Rabat, 

Morocco 

8La Tour du Valat, 13104 Arles, France 

9Dipartimenta di Scienze Veterinarie, LBG, 56124 Pisa, Italy     

10Agris Sardegna, Settore Genetica e Biotecnologie, 07100 Sassari, Italy  

11APRI, Animal Breeding and Genetics, Cairo, Egypt     

12Facultad de Veterinaria, Lagenbio, 50013 Zaragoza, Spain 

13Animal Breeding Consulting SL, Laboratorio de Genetica Molecular Aplicada, 14071 Cordoba, Spain 

14Agricultural Research Institute, 1010 Lefkosia, Cyprus 

15Veterinary Resarch Institute, NAGREF, 57001 Thessaloniki, Greece     

16INRA/IRD/Cirad/Montpellier SupAgro,  CBGP, 34988 Montferrier-sur-Lez, France 

 
According to IPCC, Mediterranean countries will be particularly affected by global warming, with rising 
temperatures, reduced rainfall during summer months and recurrent heat waves and droughts; this climate is 
estimated to move inland. In this context, local Mediterranean cattle breeds, genetically selected to adapt to 
this harsh environment and breed with specific practices are valuable genetic resources.  
In order to identify genotypes and breeding practices capable of coping with the environmental challenge 
induced by climate change, we propose an integrative approach combining genetic analysis of cattle 
populations, climate conditions and livestock systems. For this purpose, 21 breeds from three southern 
(Algeria, Egypt and Morocco), two eastern (Cyprus and Greece) and three northern (France, Italy and Spain) 
Mediterranean countries were genotyped at 41187 SNPs. These data were combined to those available on 
breeds from neighbouring areas (Massif Central, Alps). Bioclimatic data (annual trends, seasonality, extreme 
factors) was obtained from WorldClim, a database for ecological modelling. Meanwhile, we have 
characterized the breeding systems of these local breeds thanks to questionnaires proposed to experts, 
completed by several extensive case studies. 
Model-based clustered methods and Principal Component Analysis were first performed to address the overall 
structuration of populations. Then a redundancy analysis was performed to describe how geographical and 
bioclimatic features shape the genetic variation among breeds. Breeds are clearly differentiated according to 
geography and climate (temperature, rainfall). Finally, genomic regions that contribute the most to the 
genetic variation associated to climate are identified. The main features of breeding practices in 
Mediterranean environment are also determined as well as the main animal traits that breeders associate to 
ÂÒÅÅÄÓȭ ÁÄÁÐÔÁÔÉÏÎȢ 
This work was supported by the INRA Metaprogram ACCAF (GALIMED project) 
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17:15 Towards genotypes adapted to climate change via combination of 

phenotyping and modelling: The projects DROPS and Phenome 

 

Tardieu François 

 

INRA, LEPSE, 34060 Montpellier, France 

 
The period of time from now to 2050 is required for designing varieties able to cope with climate changes. 
Phenotyping is the main limiting step, now that genotyping has become an almost routine activity. A strategy 
with four pillars is used in the projects UE-DROPS and IA-Phenome-FPPN, involving public and private sectors. 
(1) Investigating the genetic variability of plant traits as a response to well-defined environmental conditions. 
Phenotyping platforms, developed in Phenome, allow the identification of genomic regions associated with 
traits of interest and the estimation of parameters of crop models for 100s genotypes. DROPS has identified 
QTLs, usable in breeding, for sensitivity of growth to water stress, for root architecture and for water use 
efficiency. (2) Investigating the performance and yield of hundreds of genotypes under high C02, high 
temperatures or low rainfall in equipped fields, via detailed imaging using sensors carried by ground vectors 
developed in Phenome. (3) Testing a large number of genotypes in a wide range of conditions. DROPS 
analyses yield components in a network of 30 field situations over Europe for 250 genotypes. This allows 
investigating the genetic variability of the sensitivities of genotypes to high temperatures and drought in the 
field. (4) Modelling, for testing combinations of alleles in a variety of climatic scenarios and management 
practices. Climatic conditions sensed by plants have been analyzed in 50 European nodes over 50 years, and in 
predicted European climates for 2050. Clustering individual scenarios reveals that 4 scenarios capture most of 
the variability of current climates, but also of predicted climates in 2050. Hence, it is possible to analyze today 
the performances of genotypes in future climates involving drought and high temperature, by using the 
current climatic variability between sites and years. We are currently simulating the interests of promising 
combinations of alleles in different European scenarios. 
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14:00 Overcoming barriers: policies and institutional arrangements to support 

CSA  

 

Lipper Leslie 

 

FAO Rome, Via delle Terme di Caracalla, Rome, Italy 

 

Achieving broad scale adoption of improved agricultural practices with potential to increase productivity and 

agricultural incomes, that are adapted to climate impacts and that result in reduced emissions growth 

compared to past trends is the key challenge of climate smart agriculture (CSA). This is particularly the case in 

developing countries and amongst smallholder farmers who generally have low levels of productivity and 

efficiency, associated with their limited use of improved technologies and practices.  

This presentation will provide a discussion of the nature of technology and practice changes needed to achieve 

CSA objectives and the implications for the types of barriers producers face in adopting them.  The analysis 

takes explicit account of the impact of climate change in reshaping and augmenting the role and importance 

of institutions and policies to support the rate and level of adoption required to make significant progress on 

the three CSA objectives. Newly emerging empirical evidence on the impact of climate change effects on 

agricultural production decisions and current institutional barriers to their adoption will be used to illustrate 

the importance of improving policies and institutions to reach desired adoption rates. The presentation 

concludes with a discussion of major research gaps in this topic area and potential ways to address them. 

Although CSA practices must be evaluated in light of site-specific conditions, we do have a good sense of 

some of their key featuresɀ and much of this is built upon the experience with sustainable agricultural 

intensification and sustainable land management. These include practices that increase input use efficiency, 

such as integrated nutrient management, integrated pest management and improved livestock feeding 

practices, as well as sustainable land management practices such as agro-forestry, soil and water conservation 

measures and legume intercropping. The adoption rates of these types of practices have generally been found 

to be quite low and local institutions play a key role in determining adoption patterns (Thornton & Herrero 

2010; McCarthy et al. 2011; Arslan et al. 2013). 

Key features of these practice changes and technologies are their site specificity, information intensive, often 

involving delayed returns but potentially increased risk in the short run, frequently requiring collective action 

to implement as well as well-functioning input supply systems. Thus institutions that govern information 

flows, risk management, financing, input supply and collective action are key to facilitating the broad level of 

adoption of CSA that is needed to meet urgent challenges. 

&ÁÒÍÅÒÓȭ ÁÃÃÅÓÓ ÔÏ ÉÎÆÏÒÍÁÔÉÏÎ ÁÂÏÕÔ ÎÅ× ÐÒÁÃÔÉÃÅÓ ÁÎÄ ÔÅÃÈÎÏÌÏÇÉÅÓȟ ÁÓ ×ÅÌÌ ÁÓ ÉÎÐÕÔ ÓÕÐÐÌÙ ÓÙÓÔÅÍÓȟ ÐÒÉÃÅ 

and market information have all been found to have significant impacts on adoption pattern. Climate change 

will increase the need for information flows to overcome barriers, since its impacts are heterogeneous over 

time and space and it increases uncertainty.  Analysis of nationally representative farm household data from a 

range of countries in sub-Saharan Africa indicates the strong and positive impact of extension on adoption of 

improved practices, as well as rural radio, indicating the importance of information flows and building 

institutional capacity to extend it for overcoming this key barrier.   

Risk has long been identified as a significant barrier to adoption, and climate change augments its effects.  

However, there are few empirical studies that explicitly evaluate the impact of climate risk on the adoption of 

agricultural practices with high CSA potential and with the capacity to reduce production risk by enhancing 
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resilience of the production system. Asfaw et al. (2014) find a statistically significant and positive impact of 

rainfall variability on investing in and maintaining both trees and soil and water conservation structures, and 

with adoption of legume intercropping.  

Short run negative returns to CSA practices is another key barrier to adoption. Building ecosystem services 

such as soil quality, water retention, pest and disease resistance, takes some time to generate productivity and 

income benefits, while the up-front costs of investment can be substantial.  Credit could play an important role 

in overcoming this barrier but evidence indicates this is generally not happening. In Zambia, only 10% of 

households had received any agricultural loan in 2008, down from 13% in 2004 (Arslan et al. 2014).  

The capacity to take collective action is an essential determinant for the adoption of many CSA practices since 

ÔÈÅÙ ÏÆÔÅÎ ÉÎÖÏÌÖÅ ÇÅÎÅÒÁÔÉÏÎ ÏÆ ÐÕÂÌÉÃ ÂÅÎÅÆÉÔÓ ÁÎÄ ÔÈÕÓ ÔÈÅ ÉÎÄÉÖÉÄÕÁÌȭÓ ÉÎÃÅÎÔÉve to generate them is 

insufficient in the absence of group action.  Examples include windbreaks, terracing, other water management 

structures and grazing management where coordination of group action is needed to generate the benefit.  

Land and water tenure systems play a key role here.  

Poorly functioning input supply systems prevents producers from increasing the efficiency of their input use 

and moving into new practices. Limited access to seedlings has been found to be a major constraint to agro-

forestry adoption in several countries, while timely delivery of fertilizer supply a key determinant of 

productivity in Zambia.   

The final section of the presentation is devoted to a discussion of the implications of these findings for building 

the policy and institutional environment needed to support extensive, effective and long term adoption of 

CSA practices and technologies across a wide diversity of production systems, socio-economic conditions and 

agro-ecologies. The presentation concludes with a discussion of where we are seeing major gaps in our 

understanding of institutions and adoption patterns, and what kind of research agenda is needed to address it. 

 

References: 

Arslan A., McCarthy N., Lipper L., Asfaw S. & Cattaneo A.  (2013) Adoption and intensity of adoption of 

conservation farming practices in Zambia. Agr. Ecosyst. and Environ. 187, 72ɀ86 . 

Solomon Asfaw, Nancy McCarthy, Leslie Lipper, Aslihan Arslan, Andrea Cattaneo and Mutie Kachulu (2014) 

Climate variability, adaptation strategies and food security in Malawi, ESA Working Paper No. 14-08      

http://www.fao.org/3/a-i3906e.pdf  

McCarthy N., Lipper L. and Branca G. (2011) Ȱ#ÌÉÍÁÔÅ-smart agriculture: smallholder adoption and 

ÉÍÐÌÉÃÁÔÉÏÎÓ ÆÏÒ ÃÌÉÍÁÔÅ ÃÈÁÎÇÅ ÁÄÁÐÔÁÔÉÏÎ ÁÎÄ ÍÉÔÉÇÁÔÉÏÎȟȱ &!/ 7ÏÒËÉÎÇ 0ÁÐÅÒȟ -ÉÔÉÇÁÔÉÏÎ ÏÆ #ÌÉÍÁÔÅ 

Change in Agriculture (MICCA) Series 4, Rome. http://www.fao.org/docrep/015/i2575e/i2575e00.pdf  

Thornton P.K. and Herrero M. (2010) The potential for reduced methane and carbon dioxide emissions from 

livestock and pasture management in the tropics.  PNAS 107(46): 19667ɀ19672. Doi: 10.1073/pnas.0912890107   

 

http://www.fao.org/3/a-i3906e.pdf
http://www.fao.org/docrep/015/i2575e/i2575e00.pdf
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14:30 Policies and institutions conducive for enhancing the transfer to CSA in 

Africa 

 

Sedogo Laurent1, Lamers John2, William Fonta3 

  

1Executive Director WASCAL Accra, Ghana 

2Coordinator of the Core Research Program of WASCAL, ZEF- University of Bonn, Germany 

3Research Coordinator, WASCAL Competence Center Ouagadougou, Burkina Faso 

 

Background 

)Î ΨΦΧΪȟ ÄÅÃÌÁÒÅÄ ÂÙ ÔÈÅ !ÆÒÉÃÁÎ 5ÎÉÏÎ ɉ!5Ɋ ÁÓ ÔÈÅ Ȱ9ÅÁÒ ÏÆ !ÇÒÉÃÕÌÔÕÒÅ ÁÎÄ &ÏÏÄ 3ÅÃÕÒÉÔÙ ÉÎ !ÆÒÉÃÁȱȟ ÔÈÅ !5 

launched its Science Agenda for transforming African agriculture, an agenda directed by the principles of 

Climate Smart Agriculture (CSA). The main objectives agreed upon for the Science Agenda are (i) sustainable 

productivity in major farming systems; (ii) development of food systems and value chains; (iii) agricultural 

biodiversity and natural resource management, and (iv) mega trends and challenges for agriculture in Africa. 

In the same year, the publications of the IPCC confirmed its previous climate predictions for the continent, 

including a rise in temperatures, uncertainty about rainfall expectations, weather extremes (e.g. droughts and 

floods), and the consequences of these climate changes. These consequences include environment-triggered 

migration and wide-spread poverty, which in turn will hinder people and states from coping effectively with 

climate change and climate variability (CC & CV). Nevertheless, consensus exists that one of the culprits of CC 

& CV, agricultural land use, at the same time represents part of the solution when transitioning to CSA in order 

to reach a food and nutrition secure, poverty-free Africa. Despite the on-going discussion on the sufficiency of 

present technologies and innovations for implementing CSA, scientists including policy makers agree that 

current CSA-enhancing policies and institutions are definitely insufficient. Africa needs to further develop its 

knowledge-generating (research), educative, communication, and financial and investment instruments to 

unlock the vast agricultural potential of the entire continent. This presentation discusses the various 

ÉÎÓÔÉÔÕÔÉÏÎÓ ÁÎÄ ÍÏÓÔ ÃÈÁÌÌÅÎÇÉÎÇ ÐÏÌÉÃÉÅÓ ÎÅÅÄÅÄ ÔÏ ÁÃÈÉÅÖÅ !ÆÒÉÃÁȭÓ ÕÎÐÒÅÃÅÄÅÎÔÅÄ ÔÒÁÎÓÆÏÒÍÁÔÉÏÎ ÔÏ #3!Ȣ )Ô 

ÄÏÅÓ ÎÏÔ ÐÒÉÏÒÉÔÉÚÅ ÔÏÍÏÒÒÏ×ȭÓ issues, since this is already handled by many others, but the issues requiring 

development over the several years to come. 

Science and knowledge generation  

Because it is unclear to what extent current technologies can increase land productivity under the 

uncertainties and stresses of future climate change, current decision-making on local, national and regional 

levels is modest to absent in Africa. Due to this great incertitude, much higher than elsewhere in the world, 

policy makers need sound science to aid in the evaluation of the relative merits of their available options for a 

transformation to CSA. Sorely missing are, for instance, (i) continuous data of sufficient quality, and (ii) 

analysis and synthesis of this data leading to (iii) novel, viable solutions and policy recommendations, as well 

as (iv) the experts who can fill these gaps. Climate Service Centers (CSC), such as WASCAL in West Africa, and 

SASSCAL in South Africa, are designed to achieve these above objectives by providing sound, evidence-based 

information and advice to the public and private sectors. Such centers are established, through the 

elaboration of an over-arching concept, coordination, cooperation and far-sightedness, to provide policy-

relevant information to stakeholders on CC impacts, mitigation measures and adaptation strategies. They act 

as interfaces between climate-researchers and climate-counselors, and as clearing houses for CC related 

matters. 
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Education  

The future of Africa and its intended transformation to CSA depend on knowledge and skills, which in turn 

depend on quality education. Enhancing human and institutional capacities and the frameworks for building 

those capacities, such as WASCAL promotes, necessarily includes establishing appropriate infrastructure to 

enable and support technical training and advanced education in natural and social sciences. WASCAL is thus 

committed to focusing not only on outputs (information and policy advice), but also on the inputs that help to 

obtain these outputs. The institute is dedicated to embedding a stimulating learning atmosphere in the local 

science community. Hence, linking higher agricultural education with research, as well as extension with 

policy, is given utmost priority. Other options include the elaboration of Leadership Programs aimed at 

building basic science capacity, and the creation and management of highly needed Centers of Excellence. 

Furthermore, ways must be found to boost the very low science output of the entire African continent. As 

science and education function as catalytic agents of change by filling knowledge and information gaps, 

promoting research and education to enhance CSA cannot wait. According to predictions, Africa will gain 10 

million youth per annum, about 200 million by 2050. Additionally, women ÍÁËÅ ÕÐ ÍÏÒÅ ÔÈÁÎ άΦϻ ÏÆ !ÆÒÉÃÁȭÓ 

labor force. Both groups, however, have the least access to grants and opportunities. Together with, and to 

promote an envisaged increase in agricultural productivity, living conditions in rural areas must be made more 

attractive to youth, whilst women need much better access to education. All other means to ensure that 

economic growth and development is inclusive, leaving no one behind, must be pursued.  

Funding must be mobilized to provide comprehensive, all-encompassing training and education on a score of 

issues related to the transformation to CSA, from natural resource rights and management, to agro-

technology, agro-meteorology, and much more. 

Extension 

African smallholders produce the bulk of food and other agricultural commodities for the continent, but they 

are at the same time consistently those with the most hunger. This, despite the annual 35 billion USD of food 

imported into Africa. The farming community has therefore many reasons to embrace CSA. Existing 

traditional and indigenous technologies, while effective, cannot cope with predicted rises in temperature, 

uncertainties in rainfall expectations, and weather extremes such as droughts and floods. Critical support to 

extension agencies is required to assist farmers in the adoption of technologies and other adaptation 

measures appropriate to the challenges they now face. For example, given our knowledge of reduced and 

ceased crop growth during critical stages once temperature thresholds have been bypassed, strategies are 

needed for buffering against temperature increases, including massive tree plantations. Since Africa remains a 

continent under pressure, it is not a question of whether or not, but of how and when. As a Chinese proverb 

ÓÔÁÔÅÓ Ȱ4ÈÅ ÂÅÓÔ ÔÉÍÅ ÔÏ ÐÌÁÎÔ Á ÔÒÅÅ ×ÁÓ ΨΦ ÙÅÁÒÓ ÁÇÏȢ 4ÈÅ ÎÅØÔ ÂÅÓÔ ÔÉÍÅ ÉÓ ÎÏ×Ȣȱ 

Communication  

)ÍÐÌÅÍÅÎÔÉÎÇ #3! ÉÎ ÃÏÌÌÁÂÏÒÁÔÉÏÎ ×ÉÔÈ ÆÁÒÍÅÒÓ ×ÉÌÌ ÂÅ ÄÉÆÆÉÃÕÌÔ ÁÔ ÂÅÓÔȟ ÂÕÔ ×ÉÔÈÏÕÔ ÆÁÒÍÅÒÓȭ ÉÎÐÕÔ ÁÎÄ 

acceptance, it will be impossible. Hence communication must be expanded and strengthened to reach farmers 

and create exchanges of information. This involves the mobilization of all types of media and groups close to 

the farming population, such as civil society organizations and the private sector, including insurance and 

telephone companies. Imperative also is the active promotion of public-privateɀpartnerships (PPP) to enable 

farmers to adopt technologies and innovations that achieve higher, more stable yields, increase their income, 

and augment regional welfare, all without compromising the environment. An increased trust between 

farmers and researchers will also encouraging politicians to act on climate smart policy. 

Land use 

Virtually 800 million ha of land suitable for agriculture (60% of the global reserve) can be found on the African 

continent. This represents an enormous resource for the future, yet challenging conditions hinder the suitable 

exploitation of all this wealth. Therefore, science and technology development must be promoted throughout 
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the continent to increase current production and productivity. Both the perspectives and the challenges are 

ÖÁÓÔȟ ÇÉÖÅÎ ÔÈÁÔ ÐÒÏÄÕÃÔÉÖÉÔÙ ÏÆ !ÆÒÉÃÁȭÓ ÌÁÎÄ ÉÓȟ ÏÎ ÁÖÅÒÁÇÅȟ ÎÏÔ ÍÏÒÅ ÔÈÁÎ ΪΦϻ ÏÆ ×ÈÁÔ ÉÔ ÃÏÕÌÄ ÂÅȟ ×ÉÔÈ ÁÎ 

average fertilizer use of not more than 10-14 kg ha2, and less than 4% of land under irrigation. Above all, 

conditions must be elaborated, in a process driven by science, to increase production and productivity rather 

than extend land resources. 

Financial instruments 

The introduction of and transformation to CSA throughout Africa is also about finance; this transformation 

demands funds and investments. Funds must be freed to support much more agricultural science 

development and research, as well as the provision of the information and education, as described above. 

Various countries in Africa enjoy high economic growth rates that had previously been attributed only to the 

Ȱ!ÓÉÁÎ 4ÉÇÅÒ #ÏÕÎÔÒÉÅÓȱȢ 9ÅÔ ÔÈÅ ÃÏÎÔÒÉÂÕÔÉÏÎ ÏÆ !ÆÒÉÃÁÎ ÇÏÖÅÒÎÍÅÎÔÓ ÔÏ ÁÇÒÉÃÕÌÔÕÒÁÌ ÆÉÎÁÎÃÅ ÁÎÄ ÉÎÖÅÓÔÍÅÎÔ ÉÓ 

far below expectations and need. Besides research and education, national administrators need to become 

highly creative in their pursuit of funds for indispensable improvements in (i) infrastructure, such as irrigation, 

energy, transport, telecommunication, and post-harvest facilities; (ii) markets needed for inputs and outputs; 

and (iii) the development of processing capacity, because being the largest producer is not enough, one must 

also be the largest processor.  

Current fiscal management also needs urgently to address and curb the annual outflow of 50 billion USD from 

the African continent. On the other hand, private sector funds flowing into the African continent already 

exceeds current bilateral aid by seven times, illustrating the great interest of the private sector in providing 

financing. National governments are urged to elaborate legislation supporting investments by private 

smallholders and private enterprises. Whereas initial CSA development may be launched with public funds, 

enabling conditions must be created to increasingly include and mobilize private sector funds. Means must 

also be found to increase the contribution of the farmers, who are the largest private sector in Africa. 

Conclusion 

Under a business-as-usual scenario, Africa will be hit much harder than any other continent by the impact of 

global warming and consequent CC & CV, not only physically with uncertain temperatures and weather 

extremes, but also socio-economically. The continent is constantly looking for strategies that will turn the tide. 

The transformatioÎ ÏÆ !ÆÒÉÃÁȭÓ ÁÇÒÉÃÕÌÔÕÒÅ ÔÏ #ÌÉÍÁÔÅ 3ÍÁÒÔ !ÇÒÉÃÕÌÔÕÒÅ ÈÁÓ ÂÅÅÎ ÌÁÕÎÃÈÅÄ ÏÎ ÔÈÅ ÃÏÎÔÉÎÅÎÔ 

with the realization that governments and other institutions commit themselves to highly creative pursuits of 

improvements. To mobilize the sleeping giant Africa, the significant achievements of the past need to be 

complemented and continued with innovative actions. Enabling policies and instruments must enhance 

knowledge generation, improve education and communication, acquire financing and promote investment.  

The Climate Service Centers WASCAL and SASSCAL will contribute significantly to the research and 

education that inform these crucial policies and instruments. 
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16:30 Schools as climate smart agriculture information hubs 

 

Manalo Jaime IV A., Layaoen Myriam G., Balmeo Katherine P., Berto Jayson C., Frediles Christina A., Saludez 

Fredierick M.   

 

Development Communication Division, Philippine Rice Research Institute, Maligaya, Science City of Munoz, Nueva Ecija 3119, 

Philippines 

 
This paper scrutinizes how schools can serve as nuclei of information on climate smart agriculture (CSA), 
particularly in remote rice farming communities in the Philippines. It is drawn from one year of 
implementation of the Infomediary Campaign in 81 agricultural high schools. The campaign aims to engage 
the youth in agriculture, and to create alternative communication pathways in addressing information poverty 
on rice farming in rural communities. CSA modules were integrated in the curriculum of participating schools. 
Methods used in this research were survey, focus group discussions, snowballing (to determine the extent of 
information sharing that transpired) and participant observation. Questions asked ranged from the changes in 
the knowledge of the students on climate change as well as the extent by which they transferred the 
information they learned from their classrooms to others, particularly to farmers in their respective 
communities. There is strong evidence of sharing CSA information by the students to their farmer-parents. 
The teachers served as significant force multipliers of this initiative, as plenty of cases were documented when 
they went out of their way to promote CSA information through parents and teachers meetings, sharing of 
modules to non-Infomediary Campaign participating schools in their community, and engaging local 
executives. Frequent communication with participating schools and optimization of the participatory 
approach in all stages of the campaign were seen as its strengths. As it stands, plenty of work needs to be 
executed to scrutinize the infomediation process, particularly on the roles of champions. Additionally, there is 
a need to better convey the relevance of this initiative to key policymakers at the national level. Lastly, there is 
a need to reflect on how CSA modules can be integrated into the curriculum of non-agricultural high schools, 
but which are in agricultural communities.  
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16:45 Advancing CSA solutions through global collaboration: the Global Research 

Alliance on Agricultural Greenhouse Gases 

 

Clark Harry1, Scholten Martin2 

 
1NZAGRC, Tennent Drive, Private Bag 11008, Palmerston North 4442, New Zealand 

2Wageningen UR, Droevendaalsesteeg 4, 6708 PB Wageningen, the Netherlands 

 
The Global Research Alliance (GRA) provides a framework for cooperation and investment in activities that 
support the agricultural sector in meeting the growing demand for food while reducing greenhouse gas 
emissions intensity. Its work is focused on improving efficiency, productivity, resilience, and adaptive capacity 
across the agricultural sector. Established in 2009, the GRA has 44 member countries along with partners such 
as the World FarmÅÒÓȭ /ÒÇÁÎÉÓÁÔÉÏÎȟ ÔÈÅ &ÏÏÄ ÁÎÄ !ÇÒÉÃÕÌÔÕÒÅ /ÒÇÁÎÉÓÁÔÉÏÎ ÁÎÄ ÔÈÅ 7ÏÒÌÄ "ÁÎËȢ 
The GRA organises its work through three research groups: Croplands, Livestock; and Paddy Rice and two 
cross-cutting groups that work on issues that are common across the three research groups, Soil Carbon and 
Nitrogen Cycling; and Inventories and Monitoring. The GRA seeks to make faster progress towards emissions 
reductions by supporting capacity-building and collaborative research and extension projects among its 
members and partners. Flagship activities include:  

¶ An international comparison of soil carbon and nitrogen models benchmarked with high-quality data from 
international measurement sites. Joint protocols are being developed to test mitigation and adaptation 
activities across a range of management practices, soils and climates. 

¶ The development of the crop management database MAGGnet (Managing Agricultural Greenhouse Gas 
Network) which will inform how agricultural management practices influence greenhouse gas emissions 
and soil carbon sequestration based on experiments from around the world; currently over 200 studies 
have been assembled in the MAGGnet database.  

¶ The Animal Selection, Genetics and Genomics Network (ASGGN) provides an open communication link 
where scientists from around the world can share information and data. The network is a forum to debate 
and reach agreement on a variety of topics, including common protocols for measuring methane emissions 
and how DNA and other samples are collected and stored. 

Although membership of the GRA is a country decision, individual researchers and organisations from non-
GRA countries are encouraged to get involved in GRA Research Group activities.  



Oral Presentations                     L2.5 Overcoming barriers: policies and institutional arrangements to support CSA 

 

96 

 

17:00 Using whole-farm models for policy analysis of climate smart agriculture 

 

Paolantonio Adriana1, Branca Giacomo1, Arslan Aslihan1, Cavatassi Romina1, Cacho Oscar2   

 

1Agricultural Development Economics Division, Food and Agriculture Organization of the UN, Viale delle Terme di Caracalla, 

Rome 00153, Italy 

2University of New England, Armidale NSW 2350, Australia  

 

An essential feature of CSA is the reliance on a solid evidence base. This involves combining climatic, 
environmental, agricultural, demographic, institutional and economic data, while accounting for spatial 
heterogeneity. Econometric analysis of the evidence base provides useful insights into policies to enhance 
development and adoption of desirable practices at the local level. Econometric model parameters provide 
estimates of the marginal response of CSA outcomes to alternative policies, but this can only be done for 
policies that are included in the dataset and for which enough variation has occurred to provide reliable 
regression coefficients. The usefulness of the econometric approach can be enhanced through mathematical 
programming models representing farm households. These farm models explicitly consider technical 
relationships between inputs and outputs as well as taking into account different constraints faced by various 
types of households. The range of policies and technologies that can be explored is expanded by allowing the 
analyst to predict how farm households would react to changes in yields, prices and in the constraints they 
face, all of which can be influenced through different policy packages. A critical question is how to calibrate 
the farm-level models to be consistent with the observed behaviour of different types of farmers in particular 
locations with varying agroecologies. In this paper we use data from Zambia and Malawi to illustrate the 
development and calibration of these models and their application in policy analysis to enhance CSA 
outcomes. The datasets we use have broad geographical coverage and contain climatic, environmental, 
institutional and household data. The focus of the research is on smallholders and the constraints they face in 
terms of land, labor, capital, access to markets and other factors. The methodology is based on using 
econometric analyses to provide parameter values for constrained optimization models of farms, which are 
then used in policy analysis. Examples are presented for policies involving extension, credit, R&D and 
subsidies. 
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17:15 Climate shocks and risk attitudes among female and male maize farmers in 

Kenya 

 

Wainaina Priscilla1, Tongruksawattana Songporne2, De Groote Hugo2, Gunaratna Nilupa3  

 

1Department of Agricultural Economics and Rural Development; Georg-August-University of Goettingen, Germany 

2International Maize and Wheat Improvement Center (CIMMYT), Nairobi, Kenya 

3Department of Global Health and Population, Harvard School of Public Health, Massachusetts, USA 

 

Climate-smart agricultural practices can mitigate the negative effects of climate change on food security and 
poverty reduction for rural smallholders in Africa, where crops are largely rainfed. However, attitudes toward 
ÒÉÓË ÃÁÎ ÁÆÆÅÃÔ ÆÁÒÍÅÒÓ΄ ÁÄÏÐÔÉÏÎ ÏÆ ÔÈÅÓÅ ÐÒÁÃÔÉÃÅÓȢ 5ÎÆÏÒÔÕÎÁÔÅÌÙȟ ÌÉÔÔÌÅ ÉÓ ËÎÏ×Î ÁÂÏÕÔ ÆÁÒÍÅÒÓȭ ÁÔÔÉÔÕÄÅÓ 
towards risk, and how they can be measured. Individual risk attitudes of male and female Kenyan farmers 
were elicited during a survey of 1344 maize-growing households representative of the major production zones. 
First, farmers gave self-assessment on a 5-point Likert scale. Next, an experiment to determine risk preference 
was conducted based on the choice among five lotteries with increasing expected payoffs and standard 
deviations, followed by an experiment to determine relative risk aversion based on the maximum willingness 
ÔÏ ÐÁÙ ÆÏÒ Á ÌÏÔÔÅÒÙȢ 3ÐÅÁÒÍÁÎȭÓ ÒÁÎË ÃÏÒÒÅÌÁÔÉÏÎÓ ÉÎÄÉÃÁÔÅÄ ÔÈÁÔ ÔÈÅ ÒÉÓË ÍÅÁÓÕÒÅÍÅnts were significantly but 
weakly related. Although farmers often assess themselves as risk loving, experimental results classify them as 
risk neutral or averse. Ordinal mixed regressions indicated that women are more risk averse than men, but 
differences among households were greater than differences between genders. Farmers in moist transitional, 
dry transitional, and dry mid-altitude zones were more risk averse than those in other agro-ecologies. Climate 
and market shocks experienced in recent years affeÃÔÅÄ ÆÁÒÍÅÒÓȭ ÒÉÓË ÁÔÔÉÔÕÄÅÓȢ ,ÉÖÅÓÔÏÃË ÄÉÓÅÁÓÅÓ ÁÎÄ ÄÅÁÔÈÓ 
were associated with self-assessed risk aversion, unusual temperatures with risk preference, and flooding and 
crop diseases with relative risk aversion. Self-assessment often does not match behavior, indicating the 
importance of experimental methods. Policy support to reduce vulnerability to shocks can reduce risk aversion 
and increase uptake of climate-smart technologies. Technology development and targeting need to be 
gender-sensitive given the higher risk aversion among female farmers and consider the specific locations as 
farmers in some areas are more risk averse than in others.   
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1. Climate Smart Management Options for Improving the Soil Fertility and Farm 

Productivity in the Middle Hills of Nepal 

 

Shrestha Shiva KumIar, Shrestha A., Bishwakarma B. K., Allen R. 

 

Sustainable Soil Management Programme (SSMP), HELVETAS Swiss Intercooperation Nepal, GPO Box 688, Kathmandu, 

Nepal 

 

Increasing food demand and climate change pose a major challenge to the sustainability of food production 

systems and safeguarding environmental health. Nepal's economy is primarily reliant on agriculture which is 

highly sensitive to climate variability. Key concerns in the middle hills of Nepal include declining soil fertility 

and soil degradation, changing temperature and precipitation patterns, and pest and disease outbreaks, all of 

which are affecting productivity, prices, incomes, and ultimately livelihoods. This paper describes some 

simple, farmer-friendly climate smart management options, and analyses their importance, effectiveness and 

impacts on improving soil fertility and farm productivity. Simple and widely-adopted sustainable soil 

management and agronomic practices, which are based on efficient use of local resources, include 

improvement in preparation and management of farmyard manure (FYM) and compost, systematic collection 

of cattle urine and its use as a base for botanical pesticide and liquid fertilizer, integrating legumes and fodder 

crops into cropping systems, small-scale collection of rain and run-off water, and improved water use 

efficiency. These practices have resulted in a statistically significant increase in soil organic matter levels, and 

have improved soil fertility and structure, workability, and moisture characteristics. Soil organic matter 

reached a mean of 3.77% from 3.32% after adoption of sustainable soil management practices over the period 

of 1-3 years in 337 farm sites.  The nitrogen content of topsoil significantly increased overall (0.17% to 0.2%) 

and in 3 of 5 time series. Similarly, nitrogen content of improved FYM significantly increased in 3 of 5 series 

ÁÎÄ ÏÖÅÒÁÌÌ ÏÎ ΩΫΦ ÆÁÒÍÅÒȭÓ ÆÉÅÌÄÓ ÏÖÅÒ Á ÐÅÒÉÏÄ ÏÆ Χ ÔÏ Ω ÙÅÁÒÓȢ ΧήȢά ËÇ ÁÄÄÉÔÉÏÎÁÌ . ×ÁÓ ÁÎÎÕÁÌÌÙ ÇÁÉÎÅÄ ÆÒÏÍ 

mature cattle with improved farmyard manure management techniques and systematic collection of urine. 

Additional benefits include enhanced soil carbon storage, and improved crop resilience to changes in weather 

patterns. Adoption of these practices has contributed to increased productivity, enhanced income, improved 

food security, and a beneficial impact on the workload of women. 
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2. Linking an ecological based system and social resilience to build Climate Smart 

village model in Niger 

 

Tougiani Abasse¹, Adamou Basso¹, Boureima Moussa¹, Jules Bayala² and Robert Zougmore³ 

 

¹Institut National de Recherche Agronomique du Niger, BP429, Niamey, Niger 

²World Agroforestry research Centre, Sahel Node, Samanko, BP: E5118, Bamako, Mali 

ϒ0ÒÏÇÒÁÍÍÅ ##!&3 !ÆÒÉÑÕÅ ÄÅ Ìȭ/ÕÅÓÔȟ )#2)3!4 PO Box 320 Bamako, Mali 

 
Smallholder farmers in Kampa zarma climate-smart village coped with unreliable rainfall and drought. These 
events are associated with land degradation, severe socio-economic impacts that include lack of food, water 
and for many basic livelihoods. The objective is to increase agricultural productivity and strengthen 
ecologically based system and social resilience to climate change and reduce greenhouse gas emissions. To 
address this crisis, households were classified in different categories of vulnerability and options such as 
improved water harvesting techniques (e.g.: Zaï pit and half-moon techniques) on which tolerant cereal-
legume, Farmer Managed Natural Regeneration, Field Diversity crop cereal-legume and leafy vegetable are 
carried out under Farmer Field School. Qualitative and quantitative data were collected to assess performance 
of different crop varieties, climate resilience, vulnerability reduction and carbon sequestration. Results showed 
that for 7 varieties of sorghum, the highest average yield (752.50kg / ha) was recorded with Hamo Kirey of 
Damana. 3 ecotypes and improved variety of okra (RCA), only the latter has performed well with a production 
of about 12 tons per hectare. Yields were 625.33 kg / ha for zaï with organic matter. 50 farmers were trained on 
the technical, practical and management of Farmer Managed Natural Regeneration. Half-moons allow rapid 
restoration of degraded soils, Farmer Managed Natural Regeneration significantly influences the structure of 
the soil, grain yield and carbon sequestration. Simultaneous achievement in improvement of crop production, 
quality nutrition, community adaptation to climate change and reduction of greenhouse gas emissions are 
really striking. It was found that zaï and half-moon techniques combined with the application of organic 
manure and Di-ammonium phosphate mineral fertilizers are sustainable land management practices that have 
increased agricultural productivity, vegetative cover and carbon sequestration. They also reduce flood and 
water erosion. These techniques can be taken for climate-smart since in various ways, they contribute to the 
Climate Smart Agriculture criteria.
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3. Agriculture, climatic risks and food security in disaster-prone coastal landscape 

of Bangladesh 

 

Ronju Ahammad 

 

Charles Darwin University, Australia  

 
There is growing emphasis on understanding climate change impacts on agriculture and food security in 
developing and least developed countries. Over the last decades, Bangladesh has recognised climatic 
ÖÁÒÉÁÂÉÌÉÔÙ ÁÓ ÏÎÅ ÏÆ ÔÈÅ ËÅÙ ÔÈÒÅÁÔÓ ÔÏ ÒÕÒÁÌ ÆÏÏÄ ÐÒÏÄÕÃÔÉÏÎ ÁÎÄ ÏÖÅÒÁÌÌ ÃÏÕÎÔÒÙȭs food security. In particular, 
the agriculture sector of coastal areas is largely susceptible to a range of climatic effects, and it is often 
difficult to secure food production throughout a year. Seasonal weather variation increases different levels of 
threats to farming systems in terms of erratic tidal surges, prolonged salinity and lack of irrigation. The study 
presents the threats and opportunities of coastal agriculture sectors in Bangladesh to understand the patterns 
of vulnerability in farming systems and capacity to adapt. In-depth interviews of households have been 
conducted in 4 coastal villages of Barguna District in Southern region to collect information how they face 
climatic and non-climatic shocks on land use systems and adapt. Focus group discussions provide the 
information on historical trends of climatic shocks on agriculture systems and constraints in improving local 
food productions. Based on the information, the study finds that the crop production strategies are 
inadequate to deal with seasonal weather shocks and emerging threats of pest attack. Diversification of land 
uses and cropping practices can be effective to improve food production apart from high yielding farming 
system. However, there are largely needed extension supports of weather forecasting, availability and 
accessibility to farming inputs, and integration of climatic shocks with existing protective infrastructures. The 
home garden approach that combines agriculture and tree cropping still dominates food production. In order 
to enhance the potential roles of the practice, it will depend on improved crop and tree varieties and capacity 
building of farmers in relation to climatic shocks. 
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4. Assessing economic benefits of the use of climate seasonal forecasts within 

cowpea and sesame sectors in Burkina Faso 

 

Ouédraogo Mathieu1, Barry Silamana2, Kagambega Levy2, Somé Léopold2, Zougmoré Robert1 

 

1The CGIAR Research Program on Climate Change, Agriculture and Food Security, West Africa Region, ICRISAT, BP 320, 

Bamako, Mali 

2Institut ÄÅ Ìȭ%ÎÖÉÒÏÎÎÅÍÅÎÔ ÅÔ ÄÅ 2ÅÃÈÅÒÃÈÅÓ !ÇÒÉÃÏÌÅÓ ɉ).%2!Ɋȟ  04 BP 8645 Ouagadougou 04, Burkina Faso 

 
Climate variability has a large impact on agricultural production due to the fact that agriculture is deeply 
interconnected with weather and climate. In Sahelian zone, farmers are well aware of climate variability. The 
ability to understand, monitor and predict the climatic variability provides an opportunity for farmers to put 
historical experiences into perspective and to evaluate alternative management strategies for making 
improved decisions to take advantage of good years and minimize the losses during the poor years. The 
communication of the seasonal forecast, including seasonal duration, final and start rain date, could 
contribute to support decision-making for climate risk management. This paper used an ex-post assessment 
method to evaluate the added-value and the cost-benefits of using seasonal forecasts within cowpea and 
sesame production sector in Burkina Faso. To do this, two groups of farmers were considered for the study. 
They include experimental farmers who are linked to weather information and agro-advisories through 
workshops, radio shows, and extension agents and controlled farmers who are not aware to climate 
information through the channels cited above. We also used the contingent valuation method to determine 
the willingness to pay for seasonal forecast and its determinants. The results showed that farmers using 
climate information changed their farm practices in accordance with the information they have received. This 
affected most of the factors influencing farm income, including quantity of inputs (seed, fertilisers, pesticides) 
and labor used, contributing to make them more productive, efficient and resilient to climate variability than 
the non-users of seasonal forecasts. Most of famers accept to pay for the seasonal forecasts. This study 
ÓÕÇÇÅÓÔÓ ÔÈÁÔ ÉÔȭÓ ÖÅÒÙ ÉÍÐÏÒÔÁÎÔ ÔÏ ÕÎÄÅÒÔÁËÅ ÍÏÒÅ ÁÃÔÉÏÎÓ ÔÏ ÓÃÁÌÉÎÇ ÕÐ ÔÈÅ ÕÓÅ ÏÆ ÓÅÁÓÏÎÁÌ ÆÏÒÅÃÁÓÔ ÁÔ 
country level as the proof of its capacity to build resilience to climate variability is made.  
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5. Measurement of climate change and its effect: comparison between an 

objective method and population perceptions 

 

Azeufouet Alain Simplice1, Fofiri Nzossie Eric Joël2, Bring Christophe2  

 

1-ÉÎÉÓÔîÒÅ ÄÅ Ìȭ!ÇÒÉÃÕÌÔÕÒÅ ÅÔ ÄÕ ÄïÖÅÌÏÐÐÅÍÅÎÔ ÒÕÒÁÌ Ⱦ $%3!ȟ "0Ȣ ΨίΪ ÉÓÓÅÁ 9ÁÏÕÎÄïȟ Cameroon  

2Département de géographie, Université de Ngaoundéré  BP 454, Cameroon 

 
The objective of this study is to contribute to the research and decision making in the context of the fight 
against climate change. This work does not extend the appropriate solutions to eradicate the phenomenon, 
but presents adaptations of populations for research participatory solutions. Meteorological parameters such 
as rainfall, temperature and humidity, observed in the last 30 years in the municipalities of northern Cameroon 
and the collection of data by Community expert panel allowed this research, which compares two methods. 
The first is to model the monthly rainfall and annual temperature to detect the changes which occurred. The 
study of the temperature shows the increasing trend each year while the rainfall shows a type of seasonal 
ARMA (12, 12). This observation can detect the dispersion, differences and irregularities between climate 
ÔÒÅÎÄÓ ÁÒÏÕÎÄ ÙÅÁÒ ΨΦΦΦȢ 4ÈÅ ÓÅÃÏÎÄ ÍÅÔÈÏÄ ÃÈÁÒÁÃÔÅÒÉÚÅÓ ÔÈÅ ÐÏÐÕÌÁÔÉÏÎȭÓ ÐÅÒÃÅÐÔÉÏÎs about climate 
ÃÈÁÎÇÅȢ !Ô ÔÈÅ ÅÎÄ ×Å ÔÅÓÔ ÔÈÅ ÁÄÅÑÕÁÃÙ ÏÆ ÏÂÓÅÒÖÁÔÉÏÎÓ ÂÙ ÏÂÊÅÃÔÉÖÅ ÍÅÁÓÕÒÅÓ ÁÎÄ ÔÈÏÓÅ ÂÙ ÐÏÐÕÌÁÔÉÏÎȭÓ 
perceptions and a critical analysis of the monitoring of information systems on climate change in developing 
countries to suggest ways of improvement. A test for determining the new weather patterns trend is made to 
serve as a working basis for policy makers and farmers whose business is most vulnerable to the event.
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6. A set of indicators to evaluate policies for climate smart agriculture 

 

Bonati Guido, Altobelli Filiberto 

 

Istituto Nazionale di Economia Agraria, Via Nomentana 41, 00161 Roma, Italy 

 

A comprehensive set of tools and indicators is needed in order to evaluate the effectiveness of climate-smart 
policies and to determine possible alternatives in their implementation. 
These tools and indicators should be based on comparable data, integrated within a conceptual framework, 
that is compatible with monitoring of CSA for a given farm, region or country. 
The ultimate goal of these activities is to identify the relevant, succinct and measurable statistics that will 
provide the basis to further develop CSA policies and progress. 
This paper is aimed at proposing a first set of indicators based on existing statistics, that: 
- provide a balanced coverage of the different dimensions of CaìSA, including food security, climate change, 
water management, soil management, energy and conservation agriculture; 
- are measurable and comparable across countries and different local situations; 
- reflect key issues of common relevance to CSA in various countries; 
- are based on existing data sources. 
These indicators include: 
- agricultural production 
- total factor productivity 
- growth of crop production 
- growth of livestock production 
- growth rate in yields 
- growth rate in agricultural labour productivity 
- growth rate in agricultural capital productivity 
- agricultural GDP per unit of agricultural GHG emissions 
- share of agriculture in total GHG emissions 
- irrigation water per irrigated area 
- agricultural GDP per unit of energy use 
- renewable energy produced by agriculture 
- nutrient balances in agriculture (N and P) per agricultural output and area 
- share of farmers with agricultural training 
- trends of expenditure on agricultural training and education 
- trends in government R&D expenditure on agriculture. 
The paper examines the most relevant aspects of each indicator, and discuss their relevance and importance 
to policies for climate smart agriculture. 
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7. Developing and evaluating CSA practices at country level: lessons learned from 

Malawi  

 

Phiri George1, Lipper Leslie2, Asfaw Solomon3, Cattaneo Andrea4, Cavatassi Romina5, Paolantino Adriana3, 

McCarthy Nancy6, Spairani Alessandro7, Branca Giacomo8, Grewer Uwe9, Mann Wendy10 

 

1CSA Technical Coordinator, FAO, Malawi 

2Senior Environmental Economist, FAO Rome, Viale delle Terme di Caracalla, Rome, Italy 

3Economist, FAO Rome, Italy 

4CSA Project Leader, FAO Rome, Italy 

5CSA Project Coordinator, FAO Rome, Italy 

6LEAD Analytics, Washington DC, USA 

7CSA project officer, FAO Rome, Italy 

8University of Tuscia, Viterbo, Italy 

9Agricultural Mitigation Consultant, FAO Rome, Italy 

10Senior Policy Consultant, FAO Rome, Italy 

 

Since CSA is a relatively new approach, there is relatively little experience with operationalizing the concept at 
country level. This presentation will provide insights and experience from one of the first CSA projects 
implemented at national level through a partnership between FAO and the governments of Zambia, Malawi 
and Vietnam. The presentation will take a broad view in defining CSA practices, including policy coordination 
ÁÎÄ ÃÁÐÁÃÉÔÙ ÂÕÉÌÄÉÎÇȟ ÁÓ ×ÅÌÌ ÁÓ ÆÁÒÍÅÒÓȭ ÐÒÁÃÔÉÃÅÓ ÉÎ ÔÈÅ ÆÉÅÌÄȢ The first part of the presentation will 
summarize the steps taken to evaluate CSA practices at farm, institutional and policy level in the context of 
Malawi. The presentation will describe the evaluation process to identify key partner agencies and policy 
processes to support effective CSA development, as well as the development of an evidence base to evaluate 
the effects of climate change on smallholder agriculture and implications for development and investment 
strategies. The need to evaluate activities within country specific constraints, opportunities and priorities is 
emphasized and illustrated with examples. The method and results of analyses to identify climate impacts on 
agricultural systems at a sub-national level, and the evaluation of a range of practices for their potential to 
contribute to food security, adaptation and mitigation under the specific climate impacts realized will be a 
major focus. Results from Malawi indicate that there is considerable variation in climate impacts within the 
country on both the types of practices most suited to supporting food security, and emphasis on risk 
management is essential to achieve broad adoption rates. 
The second part of the presentation will focus on lessons learned from the CSA pilot activity in Malawi 
focusing on means of streamlining the evaluation of CSA approaches, as well as gaps that CSA science could 
help address. A similar presentation from the Zambia country experience is also being submitted to the same 
ÓÅÓÓÉÏÎ ×ÉÔÈ ÔÈÅ ÉÎÔÅÎÔÉÏÎ ÏÆ ÐÒÏÖÉÄÉÎÇ ÃÏÍÐÁÒÉÓÏÎÓ ÂÅÔ×ÅÅÎ ÔÈÅ Ô×Ï ÃÏÕÎÔÒÙȭÓ ÅØÐÅÒÉÅÎÃÅÓ ÉÎ approaches to 
evaluating CSA practices. 
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8. Developing and evaluating CSA practices at country level: lessons learned from 

the Zambian experience 

 

Kokwe Misael1, Lipper Leslie2, Arslan Aslihan3, Cattaneo Andrea4, McCarthy Nancy5, Spairani Alessandro6, 

Branca Giacomo7, Grewer Uwe8, Mann Wendy9 
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4CSA Project Leader, FAO Rome, Italy 

5LEAD Analytics, Washington DC, USA 

6CSA project officer, FAO Rome, Italy 

7University of Tuscia, Viterbo, Italy 

8Agricultural Mitigation Consultant, FAO Rome, Italy 

9Senior Policy Consultant, FAO Rome, Italy 

 

Since CSA is a relatively new approach, there is relatively little experience with operationalizing the concept at 
country level. This presentation will provide insights and experience from one of the first CSA projects 
implemented at national level through a partnership between FAO and the governments of Zambia, Malawi 
and Vietnam. The presentation will take a broad view in defining CSA practices, including policy coordination 
ÁÎÄ ÃÁÐÁÃÉÔÙ ÂÕÉÌÄÉÎÇȟ ÁÓ ×ÅÌÌ ÁÓ ÆÁÒÍÅÒÓȭ ÐÒÁÃÔÉÃÅÓ ÉÎ ÔÈÅ field. The first part of the presentation will 
summarize the steps taken to evaluate CSA practices at farm, institutional and policy level in the context of 
Zambia. The presentation will describe the evaluation process to identify key partner agencies and policy 
processes to support effective CSA development, as well as the development of an evidence base to evaluate 
the effects of climate change on smallholder agriculture and implications for development and investment 
strategies. The need to evaluate activities within country specific constraints, opportunities and priorities is 
emphasized and illustrated with examples. The method and results of analyses to identify climate impacts on 
agricultural systems at a sub-national level, and the evaluation of a range of practices for their potential to 
contribute to food security, adaptation and mitigation under the specific climate impacts realized will be a 
major focus. Results from Zambia indicate that there is considerable variation in climate impacts within the 
country on both the types of practices most suited to supporting food security, as well as the institutional 
support needed to achieve broad and permanent adoption. The method used for evaluating gaps in 
coordination between agricultural and climate policies, as well as for identifying CSA investment options 
aligned with national agricultural priorities will also be covered. 
The second part of the presentation will focus on lessons learned from the CSA pilot activity in Zambia, 
focusing on means of streamlining the evaluation of CSA approaches, as well as gaps that CSA science could 
help address. A similar presentation from the Malawi country experience is also being submitted to the same 
session with the intention of providing comparisons between the two country's experiences in approaches to 
evaluating CSA practices. 
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9. Millet and sorghum leaf pruning and transplantation as adaptation techniques 

to rainfall variability in the Sahel 

 

Alhassane A., Traore S.B., Sarr B., Lawali M. N., Seybou O. A. B, Chaibou B. 

 

Centre Régional AGRHYMET, PO Box 11011, Niamey, Niger 

 
In the West African Sahel, agriculture is mainly rain-fed, and therefore dependent on the poor distribution of 
rainfall. Thus, very frequent dry episodes during the critical crop installation and anthesis stages have an 
important impact on agricultural production and therefore on the food security of the people of the area. To 
reduce the negative effects of drought and improve the productivity of the major staple crops in the Sahel 
(pearl millet and sorghum), we have undertaken since 2012 to try to adapt new farming techniques and 
optimize the use of rainwater. These tests consisted in observing the effects of leaf pruning and of 
transplantation of young plants on the water consumption and growth of three millet (HKP, SOUNA3, and 
SOMNO) and two sorghum (Mota-Maradi and IRAT204) varieties commonly used in Niger. The tests were 
conducted in the experimental plots of the AGRHYMET Regional Centre in Niamey, Niger (13 ° N, 2 ° E) in the 
framework of the FACE (Faire face aux Changements Ensemble) project funded by IDRC Canada. 
Measurements and observations made in the trials included phenology, the accumulation of dry biomass, 
changes in soil moisture and yield components at harvest. The results show that leaf pruning and 
transplanting seedlings (grown in a nursery) were beneficial for saving soil water, increasing the number of 
productive tillers and grain yields. Both practices can therefore be considered as coping strategies to climate 
variability and change for millet and sorghum growers in the Sahel. 
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10. CSA menus of practices in the MICCA pilots 

 

Rioux Janie, Rosenstock Todd, Kirui Josephine, Mpanda Mathew, Massoro Erasto, Karttunen Kaisa 

 

Food and Agriculture Organization of the UN, Viale delle Terme di Caracalla, Rome 0015, Italy 

   
Demonstrating the benefits of climate-smart agricultural (CSA) is essential to promote CSA as a priority in 
agricultural development. The pilots of Mitigation of climate Change in Agriculture programme of FAO in 
Kenya and Tanzania have been integrated to ongoing development programmes to show how smallholder 
farmers can contribute to climate change mitigation while improving their livelihood and productivity. The 
approach was to develop menus of climate-smart agricultural practices based on participatory assessments, to 
implement the selected practices through different extension approaches, and to evaluate their effects on 
yield and potential to reduce greenhouse gas (GHG) emissions at farm and landscape levels. The study 
demonstrated that in cereal-based cropping systems in Tanzania, leguminous trees and mineral nitrogen 
fertilizer can sustainably intensify production by increasing productivity under conservation agriculture 
without significantly increasing GHG emissions. In integrated crop-livestock systems analyses in Kenya, the 
results suggest that smallholder dairy production can be relatively climate-friendly when combined with 
agroforestry and pasture management. The adoption of the practices was further analyzed to better 
understand the incentives and barriers, and the multiple benefits as perceived by farmers to inform on CSA 
implementation and up-scaling (results coming). 
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11. Sustainability of broiler production in the context of climate change ɀ 

Evaluation of new incubation strategies 

 

Nyuiadzi Dzidzo1,10, Méda Bertrand1, Travel Angélique2, Berri Cécile1, Bignon Laure2, Leterrier Christine3,4,5,6, 

Guilloteau Laurence7, Coustham Vincent1, Dusart Léonie2, Mercerand Frédéric8, Delaveau Joël8, Grasteau 

Sandrine1, Tona Kokou9, Bouvarel Isabelle2, Collin Anne1 
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2Institut Technique de l'Aviculture, F-37380, Nouzilly, France 

3INRA, UMR85 Physiologie de la Reproduction et des Comportements, F-3738, Nouzilly, France  

4CNRS, UMR7247, F-37380, Nouzilly, France 

5Université François Rabelais de Tours, F-37000, Tours, France 

6IFCE, F-37380, Nouzilly, France 

7INRA Val-de-Loire, F-37380, Nouzilly, France  

8INRA, UE1295 Pôle d'Expérimentation  Avicole de Tours, F-37380, Nouzilly, France 

9#ÅÎÔÒÅ Äȭ%ØÃÅÌÌÅÎÃÅ 2ïÇÉÏÎÁÌÅ ÓÕÒ ÌÅÓ 3ÃÉÅÎÃÅÓ !ÖÉÁÉÒÅÓ ɉ#%23!Ɋȟ 5ÎÉÖÅÒÓÉÔÙ ÏÆ ,ÏÍÅȟ "Ȣ0Ȣ ΧΫΧΫȟ ,ÏÍïȟ 4ÏÇÏ 

10Institut Togolais de Recherche Agronomique (ITRA), BP 1163, Lomé, Togo 

  

World poultry production continuously increases to respond to the growing demand for animal protein 
sources. Selection for fast-growing broilers in temperate climate has resulted in high performances regarding 
growth and feed efficiency but also to a high sensitivity to their climatic environment. Thus, the higher 
frequency of extreme temperatures events predicted to occur with climate change might affect negatively 
broiler performances. Furthermore, the energy cost for heating poultry houses at batch start or cooling them 
later during heat waves is a major environmental concern. In this context, it becomes necessary to develop 
and evaluate new strategies and techniques to improve broiler robustness and adaptability without altering 
flock performances. Thermal manipulations during specific phases of embryonic development to acclimate 
embryos to cooler or warmer temperatures may be efficient ways to achieve this aim. This strategy could 
improve the thermotolerance of broilers later in their life when they experience cold or heat stress. Our 
hypothesis is that cold acclimation of embryos could increase chick robustness and hence decrease the energy 
use for heating at batch start, while heat acclimation could limit the mortality during heat waves. 
Consequently, production costs and greenhouse gas emissions from broiler production could be reduced and 
animal welfare improved. In that context, a large panel of indicators was chosen with researchers and poultry 
professionals to evaluate the sustainability of this technique according to its economic, social and 
environmental dimensions. Results should allow the evaluation of this strategy at a farm scale as a tool to limit 
the negative impacts of different climatic environments on broiler performances. This approach combining 
experimental data and multicriteria analysis will be evaluated both in temperate (France) and tropical (Togo) 
countries.  

 

Funding: N.D. is funded by PPAAO-Togo and ITRA for realizing her PhD and studies are funded by INRA 
(PHASE) and CERSA (Togo). 
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12. An analytical framework for Climate-Smart Agriculture at the community level  

 

Chandra Alvin, McNamara Karen, Dargusch Paul  

 

School of Geography Planning and Environmental Management, University of Queensland, St Lucia Campus, Brisbane, QLD 

4072, Australia 

 

This paper introduces a participatory analytical framework, the objective of which is to analyse the 
interactions between adaptation, mitigation and food production at the community level. Making agriculture 
climate-smart is being embraced by global policy makers as a way to transform agricultural landscapes. 
Likewise, for smallholder farming systems, climate-smart agriculture (CSA) means realising sustainable 
development goals at the local level while boosting agricultural productivity and resilience. As adaptation is 
place-specific and mitigation options for smallholder farming systems can be maximised at farm level, a 
framework to analyse interactions and evaluate the effectiveness of CSA is useful. A survey of thirty 
practitioners and policy makers was used to identify key processes and indicators linking adaptation and 
mitigation with good CSA practices across three broad categories: governance; agriculture and food security 
resilience; and synergistic relationships between adaptation and mitigation. The governance and resilience 
categories are useful for understanding the links between institutional approaches to risk management 
relevant to agriculture, while synergistic processes help relate adaptation actions with mitigation strategies. In 
exploring the relationship between adaptation measures and their potential for greenhouse gas emission 
reductions within smallholder farms, four lessons emerge. The first is the need to address immediate risks due 
to climate variability and subsequent effects on food security and livelihoods. Second, capacity to manage 
future climate risks and adaptation measures needs to be developed. Third, there is a need to exploit the 
potential for emissions mitigation and carbon sequestration. Finally, co-benefits are required to help avoid 
trade-offs between adaptation and likely mitigation outcomes. The framework links practice to theory, 
compares local solutions, and develops causal relationships between climate change and agriculture. The 
paper concludes by outlining the methodologies to apply the framework and monitor the success of CSA, 
which will assist researchers and practitioners effectively implement community-based CSA initiatives. 
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13. Are cropping practices developed by Sub-Saharan farmers climate-smart? Case 

study of millet cropping system in Senegal 

 

Tall Laure1, Mbengue Medoune2, Ndour B. Yacine1, Masse Dominique2, Clermont-Dauphin Cathy3 
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3Institut de Recherche pour le Développement (IRD), UMR Eco&Sol, Montpellier, France 

 

Many traditional farming practices can be described as belonging to the climate smart agriculture approach. In 
this study, we focused on millet cropping systems developed in the Peanut Basin in Senegal. Millet is 
traditionally cultivated in rotation or in intercropping with legumes as peanut or cowpea. In these systems, 
chemical fertilizers are rarely used and we hypothesized that nitrogen fixing legumes may enhance the 
nitrogen availability for the cereal. /ÕÒ ÒÅÓÅÁÒÃÈ ÏÂÊÅÃÔÉÖÅ ×ÁÓ ÔÏ ÅÖÁÌÕÁÔÅ Ȱin situȱȟ ÔÈÅ ÅÆÆÅÃÔÓ ÏÆ ÔÈÅ ÌÅÇÕÍÅ 
intercrop on the agronomic performances of the cereal crop. This question was approached using different 
ÄÁÔÁ ÓÏÕÒÃÅÓȡ ΧɊ &ÁÒÍÅÒÓȭ ÉÎÔÅÒÖÉÅ×Ó ÏÎ ÔÈÅÉÒ ÐÅÒÃÅÐÔÉÏÎ ÏÆ ÔÈÅÓÅ ÅÆÆÅÃÔÓȟ ΨɊ $ÉÒÅÃÔ ÍÅÁÓÕÒÅÍÅÎÔÓ ÏÎ ÔÈÅ ÍÉÌÌÅÔ 
nitrogen nutrition and yield elaboration in selected faÒÍÅÒÓȭ ÆÉÅÌÄÓ ×ÉÔÈ ÁÎÄ ×ÉÔÈÏÕÔ ÔÈÅ ÌÅÇÕÍÅ ÉÎÔÅÒÃÒÏÐȟ ΩɊ 
Direct measurements of nodules number, 15. ÎÁÔÕÒÁÌ ÁÂÕÎÄÁÎÃÅ ÏÆ ÔÈÅ ÌÅÇÕÍÅÓ ÉÎ Á ÎÅÔ×ÏÒË ÏÆ ÆÁÒÍÅÒÓȭ 
fields. The results brought us to discuss the potential adaptation of the intercropping systems in a future drier 
climate.   
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14. Namibia specific climate smart agricultural land use practices: a budding vehicle 

for improving ecosystem services 

 

Kuhn Nikolaus J., Naanda Martha Talamondjila, Bloemertz Lena 

 

Physical Geography and Environmental Change, Department of Environmental Sciences, University of Basel 

(UNIBAS), Klingelbergstrasse 27, 4056 Basel, Switzerland 

 
Land Use Practices (LUPs) and Interventions that reduce land degradation offer multiple benefits for 
subsistence of small scale farmers in nÏÒÔÈÅÒÎ .ÁÍÉÂÉÁȭÓ ÌÁÎÄÓÃÁÐÅÓȢ 4ÈÅÓÅ ÂÅÎÅÆÉÔÓ ÁÒÅȡ ÉÎÃÒÅÁÓÉÎÇ ÈÁÒÖÅÓÔÓ 
and outputs, improving soil health and condition and soil organic carbon (SOC), and increasing woody biomass 
in the immediate farming (for households) areas as well as at the landscape level. While the latter will be a 
local source for a major global service (mitigating climate change), its potential is not captured. Namibia's 
agropastoral farmers mix crop and livestock production on degraded semi-arid land. Mostly, their agricultural 
harvests and outputs are low, not meeting their needs. In the agricultural forest and other land use sector, arid 
countries like Namibia have potential to sequester carbon, primarily in three ways, (1) keeping existing dry 
forest intact or (2) reforestation/afforestation of cleared lands or (3) shifting land use practices towards climate 
smart agriculture (CSA). The latter, however, will not be substantial for Namibia due to the poor soil quality 
and the fact that soil organic carbon is generally low on sandy soils, which are mostly found in Namibia. The 
second one is pivotal given the extent of land degradation from the pressures to meet agricultural food 
production needs through land expansions. As such, this study presents CSA land use practices and 
interventions, adopted by small scale farmers, in northern Namibia, providing livelihoods, climate and 
biodiversity co-benefits. It demonstrates an increasingly important role that farmers can concurrently play to 
provide and secure global climate services (while pursuing means of livelihood and food production) in eco-
agricultural landscapes. 
  
Funding support for this work was provided by the Syngenta Foundation for Sustainable Agriculture.
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15. A two-dimension evaluation of CSA practices. Evaluating practices by 

indicators and reduce non-observable variable bias 

 

Maldonado Jorge1, Gómez John1, Corner-Doloff Caitlin2, Lizarazo Miguel2 

 

1Universidad de los Andes, Bogotá, Colombia 

2International Center for Tropical Agriculture (CIAT), Decision and Policy Analysis, Cali, Colombia 

 
Although there are several agricultural practices that could be contemplated as being in accordance with CSA 
pillars, not all can offer the same results in a given context and any investment should try to be as efficient as it 
can. Prioritization strategies or criteria should be implemented or defined so the best practices (in terms in 
results) may be proposed and executed. Because a great number of practices may be available the strategy 
should handle several practices in the beginning and reduce the options to just a bunch of them. That is why a 
two-stage approach is proposed as a part of prioritization methodology. An Economic Cost Benefit Analysis, 
which is a methodology that has been frequently used for assessing and evaluating investment projects and 
policies, is the final stage. Although it gives a good possibility to do a better evaluation of projects when their 
cost and benefits are not purely financial it is not ideal when there are too many options to be evaluated. The 
first stage works as a filter. It can handle many options by using simple indicators. This strategy generally 
overestimates those topics that are easy to capture in an indicator, which can be particularly difficult for the 
CSA practice selection strategies. That is why a multiple dimension structure is suggested for selecting 
indicators and defining weights for score per practice calculation. Each of the CSA pillars are analyzed in a 
wider perspective so as to reduce its dependence on the indicators. Adaptation, mitigation and food security is 
assessed on an economic, social and environmental dimension. Also data quality criteria are proposed for each 
indicator so it could complement the first stage analysis. A discussion is proposed for future methodologies.  
 
This research was principally funded by CCAFS.
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16. Balancing complexity and usability when modelling farm scale production and 

greenhouse gas emissions 

 

Hutchings Nicholas, Kristensen Ib 

 

Dept of Agroecology, Aarhus University, Blichers Alle 1, 8830 Tjele, Denmark 

 
The AnimalChange project needed a model to firstly assess the production of livestock farms from a global 
range of geographic locations, and the associated direct and indirect greenhouse gas (GHG) emissions, and 
secondly assess the efficacy of measures to mitigate these emissions. The model therefore needed to be 
highly adaptable and readily parameterised, yet to be sufficiently complex that it could realistically reflect the 
effect of mitigation measures on production and emissions. The model constructed (FarmAC) is a hybrid that 
contains some elements that draw on the static modelling tradition from the emission inventory community 
and other elements that draw on the dynamic modelling tradition of the process-oriented scientific 
community. 
The simulation of carbon (C) and nitrogen (N) storage in the soil proved the most problematic, since it was 
necessary to model this dynamically. This was a) because C sequestration is an important element in the GHG 
budget of farming systems and such sequestration per definition prohibits a steady-state assumption 
regarding the soil storage, b) the sustainability of low-input farming systems is particularly dependent on the 
soil dynamics and c) some mitigation measures (e.g. cover cropping) require the simulation of the transfer of N 
between crops. 
The presentation will focus on the challenges encountered when combining static and dynamic approaches 
within a single model. For the modelling, these included reconciling a static model of grazing ruminant 
livestock production with a dynamic model of herbage production and bringing the C pools within the soil 
model into an appropriate state prior to simulating measures. For the users, quantifying the large number of 
parameters was daunting. The presentation will conclude with a reflection on the advantages and 
disadvantages of the static and dynamic approaches to farm scale modelling of GHG emissions. 
 
This work was supported by the European Project AnimalChange (no 266018). 
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17. An impact assessment of distinct agricultural climate protection measures for 

the implementation on 10 000 Swiss farms 

 

Prechsl Ulrich E., Alig Ceesay Martina, Wolff Veronika, Gaillard Gérard  

 

Agroscope, Institute for Sustainability Sciences, Reckenholzstrasse 191, CH-8046 Zurich, Switzerland 

 
The reduction of greenhouse gas emissions (GHGE) has become a critical task in agriculture practice and 
numerous recommendations on climate protection measures (CPM) in agriculture exist. For that purpose, 
knowing the relative GHGE-reduction potential of a measure is essential to evaluate the impact and efficiency 
of a CPM and thus its value for realization. However, sophisticated quantifications and comprehensive impact 
assessments for agricultural CPM, in terms of looking at other environmental impacts, are still sparse. 
Therefore, we evaluated several CPMs applicable to Central European agriculture on their potential to reduce 
GHGE as well as on potentially co-existing environmental trade-offs. The aim of this study was to a) calculate 
the potential amount of GHGE reduced by a CPM, b) identify potentially coexisting tradeoffs, c) evaluate the 
value and efficiency (costs) for realization of a CPM and d) identify an appropriate method (functional unit) to 
rank the measures. All CPMs were analysed by means of the Swiss Agricultural Life Cycle Assessment tool 
(SALCA). For the analysis, 20 measures were selected that had been suggested to be effective and applicable 
on different Swiss farm types. The SALCA calculations were based on four modeled farms, which represented 
the statistical average of a certain Swiss farm type (dairy, arable, pig farming and beef production). First 
results are very surprising as measures aiming at the use of renewable energy seemed most effective to reduce 
GHGE, while other CPMs within arable farming could even show an increase in GHGE. Overall, as the 
reduction potential of a single CPM was relatively low, it became evident that only a bundle of measures could 
lead to a significant reduction of GHGE. Finally, the results of this study, which will be completed in spring 
2015, will provide the basis for the implementation of an agricultural climate protection program involving 
around 10 000 Swiss farms.
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18. How biodiversity-agriculture integration meets environmental expectations in 

a changing climate: a gender perspective 

 

Chitakira Munyaradzi 

 

Department of Environmental Sciences, University of South Africa, Johannesburg 1710, South Africa 

 

Integrating agricultural activities with conservation is known to maximise biodiversity and promote 
sustainable management of landscapes. The current work investigates the relevance of biodiversity-
agriculture integration in addressing socio-environmental concerns and in achieving community goals in a 
changing climate. The study focuses on smallholder communities in a Transfrontier Conservation Area in 
Southern Africa. The area is a biodiversity hotspot and the conservation of its biodiversity is of both local and 
international importance. The study employs primary data collected through key informant interviews and 
questionnaire surveys. It also analyses data from landscape performance assessment by key stakeholders and 
future visioning by local farmers. The study reveals that the most common concerns in the communities are 
water scarcity, insufficient quantities and quality of food, diseases, lack of employment opportunities, soil 
erosion and adverse effects of invasive alien plants. Our results show that households headed by females and 
those headed by males equally experience problems of food shortage and poor diet (91% females and 90% 
males), scarcity of medicinal herbs (30% females and 31% males) and illness (80% females and 81% males). 
There were no significant differences between genders with regards to biodiversity-related problems 
experienced at household level. With regards to the perception of landscape performance, there were no 
significant differences in the scores by the youths, men or women (Kruskal-Wallis rank sum test, chi-squared = 
0, df = 2, p = 1.00). Thus, age and gender had no influence on evaluation of landscape performance. After an 
ÁÎÁÌÙÓÉÓ ÏÆ ÔÈÅ ÃÏÍÍÕÎÉÔÙȭÓ ÃÏÎÃÅÒÎÓ ÁÎÄ ÖÉÓÉÏÎ ÆÏÒ ÔÈÅ ÆÕÔÕÒÅ ×Å ÃÏÎÃÌÕÄÅ ÔÈÁÔ ÓÔÁËÅÈÏÌÄÅÒ-driven 
ecoagriculture implementation is a climate-ÓÍÁÒÔ ×ÁÙ ÔÏ ÄÅÁÌ ×ÉÔÈ ÔÈÅ ÃÏÍÍÕÎÉÔÉÅÓȭ ÃÏÎÃÅÒÎÓ ÁÎÄ ÁÃÈÉÅÖÅ ÔÈÅ 
future goals with the overall effect of improving human livelihoods and the local environment.
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19. Analysing constraints to the improvement of cattle productivity via 

trypanosomosis treatment in West Africa 

 

MacLeod Michael1, Eory Vera1, Wint G.R.W.2, Shaw Alexandra P.M.3, Gerber Pierre4, Cecchi Giuliano5, Mattioli 

Raffaele C.4, Robinson Tim P.6 
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2Environmental Research Group Oxford (ERGO), Department of Zoology, South Parks Road, Oxford, OX1 3PS, United 

Kingdom 

3AP Consultants, 22 Walworth Enterprise Centre, Duke Close, Andover, SP10 5AP, United Kingdom  

4Food and Agriculture Organization of the United Nations (FAO), Animal Production and Health Division. VialedelleTerme di 

Caracalla, 00153 Rome, Italy 

5Food and Agriculture Organization of the United Nations, Sub-regional Office for Eastern Africa, CMC Road, P.O.  Box 5536, 

Addis Ababa, Ethiopia 

6Livestock Systems and Environment (LSE), International Livestock Research Institute (ILRI), P.O. Box 30709, 00100 Nairobi, 

Kenya 

 

The economic benefits of removing trypanosomosis from cattle have been mapped for West Africa (Shaw et 
al. 2006) and East Africa. A study commissioned by ILRI in 2013 built on this work by quantifying the effects of 
disease removal on the greenhouse gas emissions arising from the cattle systems. It found that for most 
systems, disease removal led to an increase in production and a decrease in the emissions intensity per unit of 
protein produced of between 2% and 8%. The main drivers of the decrease in emissions intensity were the 
increases in milk yields and calving rates. While the results indicate that removing trypanosomosis could 
reduce emissions intensity, the analysis is based on the assumption that the full health benefits of disease 
removal can be realised, i.e. that there are no other constraints. In reality other factors such as feed 
availability, supply chain capacity and environmental stresses may prevent the benefits from being fully 
realised. The present study builds on the previous study by developing the approach and analysing one of the 
key constraints (feed availability) to determine the extent to which it is likely to prevent the theoretical 
mitigation potential being realised. This project focuses on feed availability, as it is believed to be a key 
constraint and one where development of approach used in the previous project can provide useful insights.  
 
This project is funded by the International Livestock Research Institute under CCAFS, the CGIAR Research 
0ÒÏÇÒÁÍ Ȱ#ÌÉÍÁÔÅ #ÈÁÎÇÅȟ !ÇÒÉÃÕÌÔÕÒÅ ÁÎÄ &ÏÏÄ 3ÅÃÕÒÉÔÙȱȢ 
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20. Emission of N2O from soil received saline and sodic water: effects of compost 

and gypsum applications 

 

Dheri Gurmeet Singh1, Lal Rattan2 

 

1Department of Soil Science, Punjab Agricultural University, Ludhiana-141004, India 

2Carbon Management and sequestration Center, The Ohio State University, Columbus, USA 

 
Salt-affected soils, common in arid and semi-arid regions (Pitman and Läuchli, 2002), have been reported in 
more than 100 countries with a total area of 950 million hectares (Rengasamy, 2006). The objective of this 
study is to assess the inductive effect of saline and sodic water on N2O emissions. Thus, a laboratory 
incubation study was conducted to assess: a) the effects of saline and sodic water on N2O emissions, and b) 
monitor emission of N2O with application of compost and gypsum. The experiment comprised ten 
combinations of water quality (normal, saline and sodic), N fertilizer (with urea and without urea) and 
amendments (compost and gypsum). Non saline and non-sodic soils were treated with solution of CaCl2 and 
NaCl to simulate saline and sodic environment under submerged conditions. Photoacoustic infrared 
spectroscopy (PAS) technique was used to monitor the flux of N2O in head space of a cylinder after 1, 6, 11, 17 
and 31 days of incubation. Experimental data were analyzed using SPSS statistical package (vs 22), following a 
completely randomized design (CRD) with three replicates. Means of N2O-N emissions from soil were 
compared using Student-Newman-Keuls test. Regardless of urea application, water quality strongly affected 
N2O emissions. In comparison with the control, application of saline and sodic water significantly increased 
N2O emissions. Regardless of water quality, N2O emissions were increased significantly with the application of 
urea. Similarly, application of compost to saline soils also increased N2O emissions with or without urea. In 
contrast, application of gypsum to sodic soils reduced emission of N2O. However, application of urea 
significantly increased N2O emissions with or without gypsum. The application of compost enhanced and that 
of gypsum suppressed N2O emissions in conjunction with the application of saline and sodic water.
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21. Climate-Smart Agriculture livelihood options for displaced population on Yap 

Island 

 

Krishnapillai Murukesan V. 

 

Cooperative Research and Extension, College of Micronesia-FSM, Yap Campus, Colonia, Yap, FM 96943, Federated States of 

Micronesia 

 
Since late 2010, climate-smart agriculture is being discussed and implemented on a global and regional level 
as a strategy to respond to climate change impacts. Climate-smart agriculture is a unified approach developed 
by the FAO to develop the technical, policy and investment conditions to support its member nations to 
achieve food security under changing climate. Its three interlinked objectives such as sustainably increasing 
agricultural productivity and incomes, adapting and building climate resilience and reducing and/or removing 
greenhouse gas emissions build location-specific strategies at different levels. Although the concept of 
climate-smart agriculture has materialized in 2010, many of the approaches behind it were being practiced in 
the Pacific islands for more than a hundred years. The present study portrays the success story of a group of 
climate change-induced and climate-change forced migrants relocated to a degraded landscape on Yap 
Proper. The study explains how a timely agriculture extension intervention program with scientific knowledge 
ÁÎÄ ÃÏÍÐÌÅÍÅÎÔÅÄ ×ÉÔÈ ÉÓÌÁÎÄÅÒÓȭ ÔÒÁÄÉÔÉÏÎÁÌ ËÎÏ×ÌÅÄÇÅ ÂÒÏÕÇÈÔ ÆÒÅÓÈ ÐÒÏÍÉÓÅ ÔÏ ÁÂÏÕÔ ΪΦΦ ÒÅÌÏÃÁÔÅÄ ÁÔoll 
communities over a decade. Given the location-specific nature of climate-smart agriculture and considering 
the agroecological conditions of the locality, the adopted practices focused on the needs assessments of the 
targeted community. The program was based on a selection of various climate-smart practices for the 
displaced population giving emphasis on site-specific needs and stakeholder analysis. Climate-smart 
agriculture approaches not only provided enough food security but also enhanced the adaptive capacity of the 
displaced communities which helped them to rebuild a future by transforming a carbon neutral land to a rich 
biodiverse landscape. The relevance of different climate-smart agriculture practices to the smallholders, 
constraints of the approaches, need for policy and support services relevant to climate change are discussed.
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22. Evaluating the cost-effectiveness of development investments 

 

Luedeling Eike1, De Leeuw Jan2, Rosenstock Todd S.2 Lamanna Christine2, Shepherd Keith2 

 

1World Agroforestry Centre and Center for Development Research (ZEF), University of Bonn, Walter-Flex-Str. 3, 53113 Bonn, 

Germany 

2World Agroforestry Centre, PO Box 30677, 00100, Nairobi, Kenya  

 
Governments and development donors are willing to invest substantial funds in climate-smart agriculture 
(CSA) practices but are unsure about where such investments will be most effective. Data are virtually always 
scarce, uncertainties abound, and the effects of social, economic and political drivers on agricultural systems 
are difficult to quantify. This is the environment in which decisions on CSA deployment must be made. 
Faced with similar challenges, many businesses use decision analysis approaches to guide their decisions. We 
used the principles of such an approach, Applied Information Economics, for projecting the impacts of a water 
supply intervention in Northern Kenya. The Merti aquifer is to be tapped near Habaswein to deliver clean 
water to the rapidly growing town of Wajir. Together with project stakeholders, we co-produced an impact 
model to capture all benefits, costs and risks deemed important. Stakeholders estimated probability 
distributions for all model variables as inputs to a Monte Carlo simulation of stakeholder-specific decision 
outcomes. 
The intervention appeared risky for all stakeholders, with no certain winners or losers. Critical uncertainties 
were related to valuation of reduced infant mortality and improved public health, economic feasibility of the 
water supply operation and the risk of political interference in the project. Guarding against saline water 
upcoming in the aquifer and an adequate benefit sharing mechanism were identified as design modifications 
that would raise the chance of project success. 
Stakeholders and decision-makers improved their understanding of the decision at hand through involvement 
in the decision modeling process, which prompted them to make their expectations and assumptions explicit. 
The procedures used in this study, as well as related approaches such as Bayesian Belief Networks, have great 
potential to aid in decision-making on CSA practices in the data-scarce environments of the developing world.
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23. MAPA project: resilient agro-climatic adaptation models for livestock 

production systems in Boyacá, Colombia 

 

López-Cepeda Michael, Bolaños-Benavides Martha, García-Gómez Gustavo 

 

 CORPOICA (Colombian Corporation of Agricultural Research), Tibaitatá Investigation Center. Postcode: P.O. Box 344300. 

Bogotá, Colombia 

 
The severe social, economic and environmental impacts caused by the rainy season of 2010-2011 showed that 
the livestock sector is highly vulnerable to extreme weather events (floods, droughts, landslides, etc.). Trends 
indicate that by 2050, the temperature in some regions of Colombia will increase by between 2 and 4 degrees 
and some regions will suffer both long periods of flooding as prolonged dry periods. For this reason 
CORPOICA, with the MAPA Project, (Agro-climatic Adaptation and Prevention Models) is validating climate-
smart technologies that economically reactivate livestock production systems and strengthen local capacities 
to mitigate and adapt to the effects of extreme weather events. Boyacá is one of 18 Colombian departments 
that have benefited. The municipalities of Sora and Tibasosa were prioritized, with sheep and cattle 
production systems respectively. Socioeconomic and technical information was collected there by applying 
structured surveys to producers affected by the rainy season 2010-2011. A participatory workshop was 
performed with producers, technicians and experts, who together selected three technology options: silage, 
multinutritional blocks (molasses urea and medicated molasses urea) and Targeted Selective Treatment 
(TST); these technologies will be tested in an integrated plot respectively in each municipality. Each integrated 
plot is equipped with an automatic weather station with a rain gauge, anemometer, wind vane, humidity and 
temperature sensors. The obtained weather data will be integrated into a data logger, which will then be 
correlated with the results of the evaluation of the animal criteria in each production system, i.e. in sheep: 
weight gain, FAMACHA-test, Eggs Per Gram (EPG) through Macmaster-test, Dag Score; and in cattle: weight 
gain, milk production, corporal condition and EPG. The aim of this correlation is to elucidate weather patterns 
that alter the normal functioning of livestock production. Efficient validation of these technologies will provide 
a software platform web-SAAT (Early Agro-climatic Warning Systems) available for local and national 
livestock producers. 
 
We thank the "Fondo de Adaptación" for the financial support for this project. 
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24. Assessing the determinants of adaptation strategies at farm level: the case of 

wine growers in South-East France  

 

Graveline Nina, Grémont Marine 

 

BRGM, 1039, avenue de Pinville. 34000 Montpellier, France 

 
Understanding the rationale leading farmers to adapt to climate change is a central issue for agricultural 
economics and policy. It is also a major challenge for water management because one of the strategies to 
adapt to increasing crop water requirement is irrigation. This will induce new water demands, thus 
understanding the determinants of irrigation choice is a challenge for robust water planning both in terms of 
water conveyance infrastructure planning and environmental impacts on water resources. We surveyed wine 
growers in South-East France (Languedoc-Roussillon) via a detailed Internet questionnaire to understand the 
determinants of agricultural practices and strategic choices (planting, structural size change, 
commercialization). We collected data on current and future practices relative to soil-plant water 
management, perceptions of past economic, regulatory, technical and climate changes and social and 
economic characteristics. A representative sample of 363 wine growers is used for a descriptive and 
econometric analysis. 30% of our sample is already irrigating vine while up to 28% is considering this option. 
When facing a climate change scenario by 2050, 57% of those not currently irrigating say they would 
implement irrigation. This illustrates the importance of anticipating future demand for irrigation water.  We 
consider two main types of determinants and explore their relative contribution in explaining the adoption of 
water management practices at farm level. Variables characterizing the terroir are considered (rain, 
temperature, soil water capacity, elevation) together with socio-economic variables, including main objectives 
that wine growers are pursuing with their activity (improving wine quality, preserving tradition, etc.). The 
results show that both terroir and socio-economic determinants play a significant role in the implementation 
of adaptation actions. Seeking wine quality in production seems to be a determinant of irrigation. We also 
extrapolate our results to estimate future demand for irrigation water in Languedoc-Roussillon in a context of 
global changes. 
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25. Determinants of adoption of climate smart agriculture in coastal Bangladesh  

 

Saroar Md Mustafa 

 

Urban and Rural Planning Discipline, Khulna University, Khulna 9208, Bangladesh 

 

The benefits of adoption of climate smart agriculture are overwhelmingly stressed in recent time. Bangladesh 
Climate Change Strategy and Action Plan 2009 has envisaged adoption of climate smart agriculture. This 
study is intended to achieve a twofold objective: first to assess the status of adoption of climate smart 
agriculture and second to examine the factors that influence its adoption in environmentally stressed areas. 
The empirical part of this study was conducted in Dacope Upazila (sub-district) of south-west coastal 
Bangladesh. Randomly selected 235 households were interviewed through a semi-structured questionnaire 
during March - June in 2011. From literature review 15 indicators which capture three dimensions of climate 
smart agriculture such as sustainability of production, resilience to change and potential for mitigation of 
emissions were used in the questionnaire. Response against each of these was rated in a 5-point Likert scale. 
Information of various socio-demographic, economic, ecological, and adaptive behavioral characteristics of 
households and their farms were collected as well. By employing Principle Component Analysis (PCA) 
technique, weak adopters and strong adopters of the three dimensions of climate smart agriculture are 
identified. Finally, by employing Multivariate Probit model, the influence of various factors on adoption of 
climate smart agriculture is ÁÓÓÅÓÓÅÄȢ !ÄÏÐÔÉÏÎ ÏÆ ÓÕÓÔÁÉÎÁÂÉÌÉÔÙ ÐÒÁÃÔÉÃÅ ÉÓ ÍÏÓÔÌÙ ÒÅÌÁÔÅÄ ÔÏ ÆÁÒÍȭÓ ÓÉÚÅȟ ÌÁÎÄ 
types, access to credit, and irrigation facility. The adoption of adaptive measures for resilient agriculture is 
ÒÅÌÁÔÅÄ ×ÉÔÈ ÅØÐÏÓÕÒÅ ÔÏ ÈÁÚÁÒÄÓȟ ÐÁÓÔ ÁÄÁÐÔÁÔÉÏÎȟ ÓÏÃÉÁÌ ÎÅÔ×ÏÒËȟ ÁÎÄ ÁÃÃÅÓÓ ÔÏ .'/ȭÓ ÁÓÓÉÓÔÁÎÃÅȢ /Î ÔÈÅ 
other hand the adoption of measures for reduction of emission is related to cropping practice and farm size. 
Other factors have very limited influence in this regard. Finally this study came up with few policy suggestions, 
implementation of which would help the coastal inhabitants to better adopt climate smart agriculture for 
livelihood and food security.
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26. Evolution of soil functional diversity after changes in management practices 

and effects on N2O emissions  

 

Recous Sylvie1, Léonard Joël2, Alavoine Gonzague1, Amossé Joël2,3, Bertrand Michel3, Boizard Hubert2, Brunet 

Nicolas2, Chauvat Matthieu4, Cheviron Nathalie5,Cluzeau Daniel6, Coudrain Valérie1,5, Dequiet Samuel7, 

Duparque Annie8, Duval Jérôme2, Hedde Mickaël5, Maron Pierre-Alain7, Peyrard Céline2, Philippot Laurent7, 

Mary Bruno2 

 

1INRA, UMR URCA FARE, 2 Esplanade Roland Garros, F-51100 Reims, France 

2INRA, UR AgroImpact, Laon, France 

3INRA, UMR AgroParisTech Agronomie, Thiverval-Grignon, France 

4University of Rouen, ECODIV laboratory, Mont-Saint-Aignan, France 

5INRA, UR PESSAC, Versailles, France   

6Université de Rennes, UMR CNRS Ecobio, Rennes, France 

7INRA, UMR AGROECOLOGIE, Dijon, France 

8AgroTranfert Ressources et Territoires, Estrées-Mons, France 

 

The SOFIA project addresses the impact of agricultural practices on the taxonomic and functional diversity of 
the soil communities and the consequences on the soil functions, particularly regulation of greenhouse gas 
emissions. The project relies on a long-term environmental observatory (SOERE ACBB) located at Estrées-
Mons in northern France, which provides experimental treatments varying crop rotation, mineral N inputs, 
intensity of tillage and crop residues management.  
During the course of a 4-year soil differentiation induced by these practices, agricultural, physical and 
chemical variables for the crops and the soils were measured either continuously or once a year. The 
taxonomic and functional diversity of the earthworm, macroinvertebrates, microfauna and bacterial and 
fungal communities, and the nitrifying and denitrifying communities were determined. The CO2 and N2O 
emissions were continuously measured using automatic chambers.  
We observed an early differentiation of the experimental treatments, notably a significant stratification of 
organic carbon, microbial biomass and enzymatic activities in treatments with reduced tillage compared to 
conventional tillageȢ 3ÏÉÌ ÃÏÍÍÕÎÉÔÉÅÓȭ ÄÉÆÆÅÒÅÎÔÉÁÔÉÏÎ ×ÁÓ ÌÅÓÓ ÁÆÆÅÃÔÅÄ ÂÙ ÒÅÓÉÄÕÅÓ ÍÁÎÁÇÅÍÅÎÔ ÁÎÄ ÎÏÔ 
affected by N fertilization rate after 4 years. The N2O fluxes were low (max 2.5 kg N-N2O over 3 years), with 
peaks mainly after N fertilization in spring. Differentiation in N2O emissions was however mainly related to N 
input, with 2 to 3 times lower emissions with the reduced N fertilization.  
Combined evolution of soil communities and N2O emissions only began more recently but should provide 
future insight on understanding how GHG emissions are shifted by changes in agricultural practices. 
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27. /ÐÐÏÒÔÕÎÉÔÉÅÓ ÁÎÄ ÃÈÁÌÌÅÎÇÅÓ ÉÎ #ÈÉÎÁȭÓ ÉÒÒÉÇÁÔÉÏÎ ×ÁÔÅÒɀenergy nexus 

 

Cremades Roger1, Rothausen Sabrina G.S.A.2, Conway Declan3, Wang Jinxia4, Zou Xiaoxia5ȟ ,É 9ÕȭÅ5 

 

1International Max Planck Research School on Earth System Modeling (IMPRS-ESM), Hamburg, Germany, and; Research Unit, 

Sustainability and Global Change, University of Hamburg, Germany 

2Department of Geography, University of Copenhagen, Copenhagen, Denmark 

3Grantham Research Institute on Climate Change and the Environment, London School of Economics and Political Science, 

London, United Kingdom 

4Center for Chinese Agricultural Policy, Institute of Geographic Sciences and Natural Resources Research, Chinese Academy of 

Sciences, Beijing, 100101, P.R. China 

5Institute of Environment and Sustainable Development in Agriculture, Chinese Academy of Agricultural Sciences, 100081 

Beijing, P.R. China 

            
#ÈÉÎÁ ÆÁÃÅÓ ÉÔÓ Ï×Î ȬÐÅÒÆÅÃÔ ÓÔÏÒÍȭ ÁÓ ÒÁÐÉÄ ÅÃÏÎÏÍÉÃ transition drives increasing per capita demand for water, 
food and energy. The agricultural sector in China is responsible for nearly two-thirds of total water use and a 
large proportion of greenhouse gas (GHG) emissions. There are strong interdependencies between water use 
in agriculture and energy consumption as water saving technologies can require increased pumping, 
pressurizing and conveyance. The Chinese Government has included water efficiency improvements and 
carbon intensity reduction targets in the 12th Five-Year Plan (5YP, 2011-2015). Water pumping is a major input 
for Chinese agriculture, yet the links between energy use and irrigation modernization are not always 
addressed in policy targets. Here we develop linked resource analysis to assess the consequences of sectoral 
policy targets: to identify win-win outcomes which achieve water and energy savings, and on trade-offs; in 
which reduced water application leads to increasing GHG emissions. We analyse water use efficiency and 
energy use using scenarios based on targets in the 12th FYP, nationally and in four provinces with contrasting 
water-energy endowments. We find that expansion of sprinklers and micro-irrigation as outlined in the 5YP 
could increase GHG emissions nationally from agricultural water use. The provincial level results show that 
water supply configuration (balance of surface and groundwater) largely determines the potential energy 
savings from reduced water application.  
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28. A climate smart strategy to reduce risks and increase resilience of agricultural 

production systems in Colombia    

 

Ayarza Miguel Angel, Rojas Edwin, Aguilera Elizabeth, Bolaños Martha, Arce Blanca, Rodríguez Gonzalo, 

Martínez Juan Carlos, Bautista Luis 

 

Corporacion Colombiana de Investigacion Agropecuaria, Corpoica, Km 14, via Bogota- Mosquera, Bogota, Colombia 

 
More than 1 million ha devoted to food production in Colombia were severely affected by La Niña event in 
2010 and 2011. This demonstrated that small farm production systems located in marginal areas of Colombia 
are extremely vulnerable to climatic hazards and that they require climate smart information and technologies 
to reduce impacts on food production and livelihoods. A multi-disciplinary and multi-institutional team of 
researchers led by the Colombian Agricultural Research Institution, CORPOICA, joined efforts in 2013 to 
contribute to the economic recovery of areas affected by La Niña, by developing and assembling information 
on climate risks and adaptation responses at local and regional level in user friendly decision support system. 
The main purpose is to empower local extension services and small farmers with agroclimatic information and 
tools to plan adaptation responses for 54 production systems to future climate extreme events. The team 
analyzed 29 years of climate data series to identify spatial and temporal susceptibility of land to climate 
hazards (floods and droughts) associated to El Niño/Niña events in 12 departments of Colombia and identified 
36 crop production niches with lower risks of water deficits/excess based on soil-plant-climate parameters. 
Simultaneously, the team compiled 900 documents on management options with potential to solve water 
excess/deficits and conducted 1400 rapid rural appraisals to characterize biophysical and socioeconomic 
constraints and to identify local perception to climate hazards and adaptation responses. Promising 
adaptation technologies for specific production systems are under field evaluation by local stakeholders in 
pilot sites. Knowledge and information generated in the project is being shared by more than 400 extension 
agents. 
  
Acknowledgements: Fondo Adaptación for financial support to carry out project activities  
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29. Interpretation of GHG emissions from mixed crop, grassland and ruminant 

systems using the FarmSim model 

 

Carozzi Marco1, Martin Raphaël2, Klumpp Katja2, Borras David2, Eza Ulrich2, Rumpel Cornelia3, Créme 
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3BIOEMCO, UMR 7618, CNRS-INRA-ENS-Paris 6, bât EGER, 78850 Thiverval-Grignon, France 

4Université de Lyon, INRA, CNRS, Université Lyon 1, Microbial Ecology Centre (UMR 5557 CNRS, USC 1364 INRA), 

Villeurbanne, France 

 

Agricultural activities are responsible for more than 10% of total anthropogenic GHG emissions, contributing 
13% of CO2 and over 70% of N2O. To mitigate these emissions a variety of agronomic practices can be 
adopted. The most noticeable options are tillage and plant residue management. The aim of this work is to 
evaluate the effect of tillage after 20 years of permanent grassland in terms of N2O and CO2 emissions. We 
assessed the emissions with simulation modelling and compared the results to direct measurements. The 
model, FarmSim, is a simulation framework allowing the description of a mixed crop, grassland and ruminant 
system and calculating the losses from the biogeochemical cycles at field and regional scales. GHG emissions 
from grasslands are internally calculated by the grassland-livestock model PaSim, while a subsequent and 
automatic parameterisation of the crop model CERES-EGC allows simulating tillage operations, biomass 
incorporation and the emissions from arable lands. The case study was carried out at the SOERE-ACBB 
(Lusignan, FR) in a 20 year grassland. N2O and CO2 had been measured since 2008 and were assessed in 
particular detail before and after the tillage operations that occurred in April 2014. The results highlight the 
adequacy of the FarmSim model to quantify the amount and the temporal dynamics of N2O and CO2 
emissions from stable grasslands over different managed years. Similarly, tillage operations have been well 
described in terms of evolution of the gaseous exchange in soil and atmosphere. Compared with the no-tilled 
surface, tillage altered CO2 emissions and stimulated the N2O released (3.27 mg N-N2O m-2 in no-tilled 
grassland and 37.28 mg N-N2O m-2 in tillage surface in a 42 days period across the tillage). We conclude that 
tillage and residues incorporation cause a general increase in N2O when compared to no-tillage practices. 
 
This study was financed by ADEME (French Environment and Energy Management Agency) in the project 
AEGES (Attenuation of Greenhouse Gas Emissions in Grasslands). 
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30. DAYCENT parameterization and uncertainty assessment for modelling Swiss 

crops 

 

Necpalova Magdalena, Lee Juhwan, Six Johan 

 

ETH-Zurich, Sustainable Agroecosystems, Tannenstrasse 1, 8092 Zurich, Switzerland 

 
The identification of sustainable greenhouse gas (GHG) mitigation options through the use of a 
comprehensive decision making tool integrated with biogeochemical models requires accurate predictions of 
crop productivity and soil organic carbon (SOC) stock. DAYCENT is a daily version of the well-known 
CENTURY ecosystem model. The model simulates all major processes that affect soil C and N dynamics, 
including plant production, water flow, heat transport, SOC decomposition, N mineralization and 
immobilization, nitrification, denitrification, and methane oxidation. Simulated plant productivity is a function 
of genetic potential, phenology, nutrient availability, water/temperature stress, and solar radiation. The 
accuracy of the model predictions under specific soil and climatic conditions depends on the validity of its 
parameterization to field observations. This study focuses on parameterizing the most common crops in 
Switzerland, such as winter/summer wheat, rye, winter spelt, winter/summer barley, maize, field beetroot, 
rape, potatoes, sunflower, winter peas, soybeans and white cabbage. The 10 most sensitive crop growth 
parameters for each crop were parameterized using an inverse modelling technique. Data on crop productivity 
(yields, aboveground biomass) and SOC were obtained from three long-term experiments in Thervil (1977-
2013), Frick (2003-2013), and Changins (1971-2013), where several agricultural input systems (organic, 
biodynamic, conventional with and without manure additions) and soil management options (full and reduced 
tillage) have been evaluated on crop productivity and SOC change. Model parameterization was evaluated 
against independent proportion of the data and the effect of parameters uncertainty on crop productivity and 
SOC predictions has been evaluated using the Monte Carlo approach. The approaches to crop 
parameterization and these results could be applicable to other DayCent modelling studies under Swiss 
conditions. 
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31. The yield response of intercrop system to rainfall changes on the southern 

slopes of Mt. Kenya in Embu 

 

Kanampiu Fred1, Njeru M.James1, Kitonyo Onesmus2, Micheni Alfred3 

 

1International Maize and Wheat Improvement Centre, P.O. Box 1041-00621, Nairobi, Kenya 
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3Kenya Agricultural Research Institute, P.O. Box 27-60100, Embu, Kenya 

 
Rainfall variations on the southern slopes of Mt. Kenya in Embu, occasioned by climate change often lead to 
considerable yield losses in small-holder farms especially when sole-cropping is practiced. To test the yield 
response of an intercrop system to the changing rainfall, data was collected from two intercropping 
experiments in KeÎÙÁ !ÇÒÉÃÕÌÔÕÒÁÌ 2ÅÓÅÁÒÃÈ )ÎÓÔÉÔÕÔÅȟ %ÍÂÕ ɉΦΩέΦ ΫΩȢΨέȭ%ȟ ΦΦΦ ΩΩȢΧήȭ3 ÁÎÄ ΧȟΪΨΦ ÍÅÔÅÒÓ ÁÂÏÖÅ 
sea level). In the first experiment, the intercrop involved four morphologically contrasting Zea mays varieties 
(DK8031, KH500Q, PHB3253 and KDV1) with similar bean variety Embean14, while in the second experiment, 
four different Phaseolus vulgaris varieties (Embean14, GLP585, GLP×92 and Embean18) were intercropped 
with maize variety DK8031. The experiment was laid in randomized complete block design with split-plot 
arrangement, where sole-crop or intercrop system was allocated the main plots and varieties were set in the 
sub-plots. The study spanned three seasons; 2011 short rains, 2012 long rains and 2012 short rains. Rainfall 
reduced by 31.9% from first to second season resulting to 21.6% and 29.9% decrease in Z. mays and P. vulgaris 
yields respectively. Rainfall increased by 27.9% from the second to the third season of the experiment, 
confirming the erraticism of rainfall in Embu. In general the rainfall variation across the three seasons was 
highly significant (P=0.05). The sole-crop yield varied significantly (P=0.05) but the land equivalent ratios of 
the intercrop in three seasons were not significantly (P=0.05) different, indicating intercropping resilience to 
rainfall changes and a chance for farmers to benefit more from same piece of land. Intercropping varieties 
PHB3253 and Embean14 resulted in higher (P=0.05) yield than others. It was concluded that intercropping 
enhanced by continuous selection of varieties may be a vital approach of mitigating rainfall changes risks in 
Embu small-holder farms. 
 
Acknowledgement: CIMMYT-SIMLESA and KARI for the financial and data collection support.
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32. Rain water harvest technology as a tool for climate smart agriculture for small 

holder farmer in Bangladesh 

 

Abdullah Hasan Muhammad, Ahamed Tofayel, Miah Md Gisahuddin, Rahman Mezanur 

 

Department of Agroforestry and Environment, Bangabandhu Sheikh Mujibur Rahman Agricultural University, Gazipur-1706, 

Bangladesh 

 
Bangladesh is primarily an agrarian economy. Agriculture is the single largest producing sector of the 
economy since it comprises about 18.6% (data released on November, 2010) of the country's GDP and 
employs around 45% of the total labor force (CIA - The World Factbook). The performance of this sector has 
an overwhelming impact on major macroeconomic objectives/indicators like employment generation, poverty 
alleviation, human resource development and food security. Bangladesh achieves a position of being able to 
produce enough rice not only to meet its food, feed, and seed requirements, but also to be left with some 
exportable surplus. Yet, the agriculture sector is extremely vulnerable to disaster and climate induced risks. 
Climate change is anticipated to aggravate the frequency and intensity of extreme weather events in 
Bangladesh (Xenarios et al. 2013). Drought is one of the major problems for the agriculture and its 
development in the country. It is a slow extermination which can last for number of days to several years with 
a devastating effect on the agricultural production and livelihood of the people (Saadat et al. 2009). There are 
some regions in Bangladesh where every step of agriculture from field preparation to ripening of crops is 
dependent on rainfall (Alam et al. 2011). Consequently, drought affects annually 2.5 million ha in kharif (wet 
season) and 1.2 million ha in dry season (Mondal 2010). Therefore, drought management in agriculture is a 
major challenge for Bangladesh in achieving sustainable agricultural development. To tackle the drought 
efficiently it is essential to understand the spatial-temporal pattern of drought in Bangladesh and 
adaptation/mitigation measure. Water is a natural resource with spatial scarcity and availability. Additionally, 
cross-country anthropogenic activities (Barrage/Dams on the upstream) caused a severe negative impact on 
water resources and eco-systems of Bangladesh in the recent years. The rivers and canals dry up during the 
dry season and make the people completely dependent on groundwater. Accordingly the contribution of 
groundwater as a source of irrigation has increased and surface water has declined. It is now inevitable to look 
for alternate water sources for agriculture. Water harvest technologies (WHTs) can play an important role in 
this regard. WHTs can provide an additional source of water for crop production at the most critical stages of 
the growing season, thereby increasing yields and food security. Specific WHTs for an agricultural region need 
to be identified based on its potentiality. Appropriate water harvest technology and its up-scaling could 
contribute to sustainable agriculture. 
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The greenhouse gases (GHG) emission efficiency (GEE) of conservation tillage (CT) at scales higher than the 
field plot is inadequately examined by researchers. As the economy of Bangladesh is heavily dependent on the 
agricultural sector, which is dominated by marginal farmers, linking farmers to practices that mitigate GHG 
emissions and improve production efficiency could have significant economic and environmental benefits. The 
impacts of CT in wheat cultivation on GEE are assessed using primary data [N=328] from Eastern Indo-
Gangetic Plains (EIGP) of Bangladesh, employing a non-parametric efficiency estimation method. Significant 
differences in emission efficiencies are observed between CT adopter, and non-adopter farms using traditional 
tillage (TT). Among the CT options, power tiller operator seeding (PTOS) achieved the highest GEE score 
(0.92), followed closely by strip tillage (ST; 0.91), and bed planting (BP; 0.90). Currently, ~0.45 million hectares 
are under conventional wheat cultivation in Bangladesh. Our estimates show that a reduction of 
approximately 162 Kg CO2 eq. ha-1 in terms of GHG emission (mainly by input optimization of fossil fuel and 
fertilizers) is possible with CT adoption in wheat production. Hence, the expansion of CT wheat in Bangladesh 
could reduce emissions to the extent of approximately 0.07 megatons CO2 eq. ha-1 during each wheat growing 
season. Drawing on the higher GEE of CT (0.91) compared to TT (0.68), a further analysis is carried out using a 
fractional regression model. Results show significant influence of farmer education, the proximity of farms to a 
main road, training and experience on conservation tillage and split application of inorganic fertilizers on the 
GEE of studied farms. The practice of specific principles of  CT, relative to TT,  particularly crop residue 
retention in the field, limit the full adoption of the technology in the EIGP to some extent, due to their removal 
and use as cooking energy and feed. 
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Climate change has become one of the pressing challenges of our time and the global community through the 
commitments from the national governments is trying to address it. With its crosscutting nature, efforts to 
address climate change within the sectorial policies and practices by seeking potential synergies are 
growing. However, there is a considerable knowledge gap as to which practices could actually lead to effective 
and efficient measures that can address the multiple needs at particular scale in the land use sector such as a 
landscape. Studies on synergies reveal that it leads to effective and efficient strategy to address multiple 
compatible functions at a time when the necessary enabling conditions are in place. The effectiveness is of 
great importance particularly from the fact that, for example, in agrarian communities in developing 
countries, there is a competition for the limited available pieces of land constrained by the sharply increasing 
human and livestock population and intensive utilization, leading to degradation. The efficiency aspect is also 
of utmost importance due to the fact that land use sectors in developing countries are generally resource-
limited both financially and technically. We use a portfolio approach to identify and characterize 
measures/practices that could promote the integration of development, climate change and conservation in 
the land use sector. Doing so will ease the adoption of practices with strong potentials of meeting multiple 
objectives and hence help to address multiple problems. Such approaches could also simplify the policy 
prioritization and decision-making processes concerning the promotion of practices with potentials to meet 
multiple functions i.e. cater for local demands, facilitate the implementation of national policies and help in 
fulfilling the international commitments of the countries.   



Poster Session 2                                                         L2.1 Developing and evaluating climate smart practices 

 

134 

 

35. Coffee agroforestry systems in Peru ɀ a double dividend for biodiversity and 

small scale farmers? 

 

Jezeer Rosalien E.1, Verweij Pita A.1, Boot Rene G.A.2  

 

1Utrecht University, Copernicus Institute of Sustainable Development, Section of Energy and Resources, 3584 CS, Utrecht, the 

Netherlands 

2Tropenbos International, 6701 AN Wageningen, and Utrecht University, department of Biology, Section of Ecology & 

Biodiversity, 3584 CH Utrecht, the Netherlands 

 
Tropical agroforestry is seen as a promising approach to reconcile biodiversity conservation and food security 
as it holds the potential to increase overall productivity, resilience and sustainability, and meanwhile provide a 
refuge for biodiversity. Evidence of these double benefits is however lacking, as multidisciplinary studies to 
quantify both biodiversity- and socio-economic performance are rare. Therefore, in this study we quantified 
the possible trade-offs between biodiversity performance and socio-economic performance of small-scale 
coffee plantations and identify opportunities for resilience. We conducted interviews amongst 150 farmers and 
collected farm data for a variety of small-scale conventional and agroforestry coffee management systems in 
San Martín, Peru. This is a landscape directly faced with the threats of climate change and deforestation. Our 
database includes information on: I) vegetation characteristics, e.g. canopy closure and DBH; II) costs, e.g. 
labour and chemicals; III) benefits, e.g. coffee yield and income from other products; IV) management 
characteristics, e.g. use of chemicals and weeding; and V) tree and butterfly biodiversity, with natural forest as 
reference. Regression analyses were conducted to test the effect of different management systems on 
biodiversity and economic performance. We measured economic performance with Benefit-Cost Ratio (BCR), 
biodiversity performance with a combined Shannon index, and management and vegetation structure with 
the comprehensive Management Intensity (MI) index. Effect of MI on economic indicators, e.g. coffee price 
sensitivity, stability of food production and income, and ecological indicators, e.g. aboveground carbon stock 
and temperature, was analysed to measure resilience. Our results show a significantly higher biodiversity 
performance for agroforestry systems compared to conventional systems, as well as a positive BCR and 
increased resilience. These findings suggest that agroforestry coffee plantations show large potential to 
combine biodiversity conservation and local development and at the same time increase overall resilience. 
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Agricultural soil could be a major sink of carbon with appropriate cropping system and soil management. This 
study aimed to evaluate the potential of CA cropping systems to store carbon into soil from belowground 
biomass. Three cropping systems were compared: (1) rotation of upland rice followed by maize intercropped 
with Crotalaria grahamiana, with no tillage (R-MC_NT), (2) rotation of rice followed by oat (Avena sativa) 
intercropped with vetch (Vicia villosa), with no tillage (R-OV_NT), and (3) rotation of rice followed by maize 
intercropped with common bean, with conventional tillage (R-MB_CT). The two components of the rotation 
were cultivated each year. Maize, rice, crotalaria, common bean, oat and vetch were fertilized with 5 Mg ha-1 
ÏÆ ȰÉÍÐÒÏÖÅÄȱ ÍÁÎÕÒÅȢ 4ÈÅ ÅØÐÅÒÉÍÅÎÔ ×ÁÓ ÃÏÎÄÕÃÔÅÄ ÉÎ Á ÒÅÓÅÁÒÃÈ ÓÔÁÔÉÏÎȢ (ïÎÉÎ Ǫ $ÕÐÕÉÓ ÍÏÄÅÌ ×ÁÓ ÕÓÅÄ 
to simulate the change of soil carbon content according these three treatments. Compared to the total carbon 
input by both above- and below- ground biomass, 29%, 34% and 46%, so 1.40, 1.70 and 1.14 Mg ha-1, were 
attributed by plant roots, for R-MC_NT, R-MB_CT and R-OV_NT systems, respectively. Simulations in 20 years 
showed higher increasing of carbon stored with R-MC_NT system (from 71 to 84%).
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In the Central African extensive livestock systems improved management practices and technologies can 
ÄÅÌÉÖÅÒ Á ÓÉÇÎÉÆÉÃÁÎÔ ÐÏÒÔÉÏÎ ÏÆ ÔÈÅ #ÌÉÍÁÔÅ ÓÍÁÒÔ ÅÆÆÏÒÔÓ ÎÅÅÄÅÄ ɉ&!/ ΨΦΧΪɊȢ 4ÈÅ Ȱ+ÏÌÏȱ ÒÁÎÃÈ ÉÓ ÌÏÃÁÔÅÄ ΧΪЊΪΫȭ 
- ΧΫЊΦΦȭ %ȟ ΫЊΧΫȭ- ΫЊΫΨȭ 3 ɉ"ÁÓ-#ÏÎÇÏȟ $2#ɊȢ ΨΦ ΦΦΦ .ȭÄÁÍÁ ÃÁÔÔÌÅ ÈÅÁÄÓ ÁÒÅ ÍÁÎÁÇÅÄ ÆÏÒ Á ÐÒÏÄÕÃÔÉÏÎ ÏÆ ΧΨΦΦ 
ÔÏÎÓ ÌÉÖÅ ×ÅÉÇÈÔ ɉ,7Ɋ ÏÎ ΫΦ ΦΦΦ ÈÁȡ Ϊέ ΫΦΦ ÈÁ ÏÆ ÎÁÔÕÒÁÌ Ȱ(ÙÐÁÒÈÅÎÉÁȱ ÓÁÖÁÎÎÁ ɉ.3Ɋ ÁÎÄ Ψ ΫΦΦ ÈÁ ÏÆ "ÒÁÃÈÉÁÒÉÁ 
improved grasslands (BiG). Farm gate LCA methodology and IPCC references were contextualized to the local 
practices to estimate the level and diversity of non-renewable energy (NRE), GHG emissions and economic 
efficiencies of the system. The results show an overall NRE consumption of 6 259 MJ t LW-1 year-1. The system 
based on abundant pasture resources and fire use to stimulate regrowth in NS, using very few inputs and light 
infrastructures, is low consumer of energy. GHG emissions are important: 30 t CO2-e t LW-1 exported, biomass 
burning and enteric emissions shares are 50% and 36% respectively of the emissions. On the ecologically 
intensified surfaces (BiG) of the ranch, where fire use is strictly avoided and where the finishing animals are 
concentrated, performances are increased due to biomass and forage quality improvement, the carrying 
capacity is raised from averages of 0,41 on (NS) to 4,51 TLU / ha on (BIG). The annual LW gain per ha is in 
proportion 12 vs 254 kg ha-1. Related to meat production, we observe  a lower energy consumption 7 978 and 4 
405 MJ/ton LW Gain and  GHG is reduced 51,7 and 8,5 t CO2-e t of LW Gain on average NS and BIG surfaces 
ÒÅÓÐÅÃÔÉÖÅÌÙȢ 4ÈÅ ÐÒÏÄÕÃÔÉÏÎ ÃÏÓÔÓ ÁÒÅ ΨȟΧΪ ÁÎÄ ΧȟΨΩ ΏȾ+Ç ÃÁÒÃÁÓÓ ÅÑȢ ,7 ÇÁÉÎ ÆÏÒ .3 ÁÎÄ ")' ÓÕÒÆÁÃÅÓ 
respectively. In such tropical environments and livestock systems, grassland improvement and changes of 
management practices are very probably the most effective Climate smart investments to mitigate climate 
impact contribution and improve environmental and livelihoods efficiencies.
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Uncertainties in future climate, costs and benefits of climate-smart agriculture (CSA) practices, and in the way 
socio-ecological conditions affect CSA outcomes, limit efficient and effective scaling of CSA across sub-
Saharan Africa. These uncertainties are usually neglected in planning processes because of the technical, 
logistical, and practical challenges they present. Here we report on a computationally rigorous framework for 
targeting and prioritizing CSA practice selection under multiple uncertainties. We developed a Bayesian Belief 
Network based on the livelihoods framework, parameterized by both hard data and expert knowledge, to 
predict the range of plausible outcomes from CSA adoption in a spatially explicit way. At the request of the 
Tanzania Ministry of Agriculture, Food Security, and Cooperatives (MAFSC), we then applied the model to 
optimize investment decisions for small-scale technologies to increase water-use efficiency (drip irrigation, 
micro-catchments, etc.) in the Southern Agricultural Growth Corridor of Tanzania (SAGCOT) to help 
ÏÐÅÒÁÔÉÏÎÁÌÉÚÅ 4ÁÎÚÁÎÉÁȭÓ #ÌÉÍÁÔÅ #ÈÁÎÇÅ 2ÅÓÉÌÉÅÎÃÅ 0ÌÁÎȢ 7ÉÔÈ ÓÔÁËÅÈÏÌÄÅÒÓ ÉÎ ÔÈÅ ÒÅÇÉÏÎȟ ×Å ÃÁÌÉÂÒÁÔÅÄ ÔÈÅ 
model to local socio-ecological conditions. Then using GIS and survey data, we evaluated the spatially explicit 
model for five water use technologies selected by the MAFSC. In the topographically and agriculturally diverse 
SAGCOT, adaptive and livelihood benefits from water-use interventions varied across space. For example, 
low-input technologies such as zai and chaco pits were more suitable for smallholders than for commercial 
farmers. However, even for interventions that have potential for large benefits in one outcome, there was 
always a non-negligible probability of negative outcomes in other dimensions, highlighting the critical need to 
incorporate uncertainty and risk when planning CSA implementation to achieve desired development 
outcomes.
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Global food demand is expected to increase by 50-60% by 2050 due to global population increases and socio-
economic development, with an attendant increase in direct agricultural greenhouse gas emissions by about 
30%. Given those trends, reducing emissions from countries where agricultural emissions make up a 
substantial portion of their national total is challenging, and particularly difficult for countries where ruminant 
livestock play a dominant role, given the limited options to reduce absolute emissions without reducing overall 
livestock production. The considerable variation within and between countries in the efficiency of animal 
production implies that setting limits on absolute emissions at the national level could perversely result in net 
global emissions increases, if curtailing production from high-efficiency producers simply shifts production to 
lower-efficiency producers. Consequently, many countries and international organizations focus increasingly 
on reducing the emissions intensity of livestock production, i.e. reducing the quantity of greenhouse gases 
ÅÍÉÔÔÅÄ ÐÅÒ ÕÎÉÔ ÏÆ ÐÒÏÄÕÃÔȢ 4ÈÉÓȟ ÉÔ ÉÓ ÁÒÇÕÅÄȟ ÐÒÏÖÉÄÅÓ Á ÂÅÔÔÅÒ ÍÅÁÓÕÒÅ ÏÆ ÃÏÕÎÔÒÉÅÓȭ ÅÆÆÏÒÔÓ ÔÏ ÒÅÄÕÃÅ ÔÈÅÉÒ 
contribution to climate change while allowing them to satisfy the growing global demand for livestock 
products. Here, we critically review the justifications and limitations of emissions intensity as a measure for 
achieving mitigation outcomes in livestock systems. We consider differences and similarities with other 
sectors that serve critical human needs, global patterns of livestock production, consumption, trade and 
resulting risk of leakage, and the importance of livestock emissions in scenarios of stringent global mitigation. 
We find that emissions intensity can indeed serve as a useful metric to measure progress towards mitigation 
outcomes, but careful attention is required to reductions in emissions intensity projected even under business-
as-usual, and the wider context of new mitigation practices, demand-side management, improved trade 
mechanisms, and integrated land-use planning to maximize carbon sink opportunities.
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Southern Africa (SA) is expected to be particularly impacted by climate change projecting a 40% decrease in 
rainfall in critical areas over the next 70 years and maize productivity falling by up to 30% by 2030. The high 
variability in agro-climatic conditions, farming systems and rural livelihoods in SA represents a challenge in the 
generation of locally adapted climate-smart cropping systems. To explore and test adaptation strategies to 
climate change at the farm level, and to assess the role of alternative maize-based cropping systems, an 
interdisciplinary approach was developed that consists of loose coupling of cropping systems and farm 
household models. Using data from long-term agronomic field trials, the crop growth model APSIM was 
calibrated to simulate a wide range of maize-based cropping systems for different agro-ecologies and climate 
change scenarios. At the farm household level, the efficient frontier analysis was used to identify efficient 
farming systems which minimize their inputs utilization and negative externalities (erosion and greenhouse 
gases) and at the same time maximize their production. Our approach takes advantage of the prediction 
potential of field-scale models to generate thousands of simulated maize based cropping systems, and an 
optimization method to benchmark farm-level performance and eco-efficiency. Compared to common linear 
programming methods (e.g. ÐÒÏÆÉÔ ÍÁØÉÍÉÚÁÔÉÏÎɊȟ ×Å ÓÉÍÕÌÁÔÅ ÍÏÒÅ ÓÏÐÈÉÓÔÉÃÁÔÅÄ ÆÁÒÍÅÒȭÓ ÓÔÒÁÔÅÇÉÅÓ ɉe.g. 
trade-offs between market sales and food self-sufficiency, between use of crop residues for soil fertility and 
animal feed) based on data from a 500 farm household survey recently conducted in SA. This framework, 
taking into account long term cropping systems effects and efficiency frontier analysis at the farm scale, 
allows identifying practices and pathways for climate smart agriculture in this vulnerable region.
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Since the impact of climate change induced variability is complex and has local-level causes and effects, the 
solutions are not simple and require locally-adapted practices with real-time decision making by the farming 
households/community. Such climate smart agricultural practices (CSAPs) need to be developed, adapted and 
targeted to relevant farm typologies in order to reach scale and impact. The climate smart village (CSV) 
model, a community-based approach to sustainable agriculture provides common platform to researchers, 
extension agents, local governments, farmers groups, private sectors and the service sector to collaborate and 
identify the most appropriate CSAPs to tackle local challenges related to climate change. Such a model 
enables CSAPs to be integrated into village development plans so that they benefit from local knowledge, 
converge with local government schemes and ensure collective action. This contribution describes the 
development and mainstreaming of CSAPs through engaging local community and establishment of CSVs 
with multi-stakeholder collaboration. This also documents how the CSV model can achieve scaling CSAPs in 
smallholder systems of South Asia. In CSVs, a portfolio of CSAPs adapted to local farming system is adopted 
by the community for multiple benefits of increased productivity, income and resilience to climatic variability. 
For example layering of no-till maize-wheat rotation with residue recycling, inclusion of legume and site-
specific nutrient management enhances yield (2.35 t/ha/yr) and income (USD 941/ha/yr) along with resource 
conservation benefits. These evidences coupled with community-based adaptation components of CSVs 
contributed to the expansion of CSVs from 7 in 2012 to 60 in 2014 across south Asia. This also led to 
government buy-in for scaling CSAPs, for example government of Haryana, India. The CSV model 
demonstrates strong scalability through unique and interrelated elements of CSA-led business cases, 
innovation platforms, knowledge networks, ICTs, gender and youth empowerment; thereby facilitates 
convergence of AR4D programs.  
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Governments, donors, and non-governmental organizations are recognizing the need to integrate climate 
change and agriculture development goals in planning. Incorporating the climate-smart agriculture (CSA) 
concept can strengthen integration by explicitly emphasizing tradeoffs between investment options. Given 
the complex relationships between the food security, adaption, and mitigation goals of CSA, decision-support 
frameworks are needed that integrate stakeholder priorities, draw on the best scientific evidence available, 
and present complex results simply. Here we present a four phase stakeholder-driven framework for 
prioritizing CSA investment, designed to be globally applicable, for various users, for use from regional to sub-
national levels, and adjustable given data and resource constraints. In the first phase, the scope and next-users 
of CSA portfolios are clarified, relevant practices are identified, and roughly ten indicators are 
selected/adapted from a suggested set of 29, based on scientific literature, to evaluate practices against CSA 
outcomes. A participatory workshop is used in phase 2 to short-list practices based on the results of the 
indicator evaluation and additional stakeholder criteria. A cost-benefit analysis is then conducted (phase 3) on 
these priority practices. In phase 4, stakeholders are reconvened to develop CSA investment portfolios that 
minimize trade-offs, maximize benefits and synergies, and address end user priorities. Barriers to adoption of 
practices and pathways to overcome these are used to adjust priorities or implementation plans. We present 
lessons learned from Guatemala and Mali, which demonstrate the scalability of the process, modifications 
based on institutional contexts, and strategies for refining the framework for use in Africa and Asia in 2015 
with users including national agriculture ministries, agriculture development alliances, and bilateral and 
multilateral donors.  

This research was principally funded by CCAFS.  
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In the suburban area of Dakar (Senegal), family smallholdings produce market gardening sometimes for 
several decades. Dior soils (arenosol) and Deck soils (fluvisol, calcareous with high clay content) are intensely 
cultivated and required frequent applications of organic matter (OM). The objective of this study was to assess 
whether long-term changes in chemical and physical properties of these tropical soils increase or reduce the 
yields and the vulnerability of these family smallholdings to global changes. After field surveys, we collected 
Dior soil (Dr) and Deck soil (Dk), cultivated for fifty years (50), and named Dr50 and Dk50 respectively, and 
nearby, the same soils, but which have never been cultivated (0), and named Dr0 and Dk0 respectively. On 
these four soils, we cultivated three successive cycles of lettuce and compared an optimum mineral 
fertilization (T1) with two types of OM, a sewage sludge and a poultry droppings, with the amounts 
corresponding to 50% (T2) and 150% (T3) of the nitrogen equivalent of T1. Before the experimentation, the 
cation exchange capacities and the initial concentrations of organic carbon and total phosphorus were 
significantly higher between both pairs of soils, Dr50 and Dr0 soils and between Dk50 and Dk0 soils. The 
structural stability of the Dr50 and Dk50 soils were respectively better than Dr0 and Dk0 soils. After each crop 
cycle, yields were higher (i) for Dr50 and Dk50 soils, respectively than for Dr0 and Dk0 soils, (ii) with input of 
poultry droppings rather than sewage sludge and (iii) for doses T3 as T1 and T2 respectively. These results 
showed that these two types of tropical soils, even if they were intensively cultivated for a long time, have 
acquired some protective physical and chemical characteristics and were better adapted to global changes 
mainly due to OM inputs in the long term. 
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Adoption of agroforestry practices could be a useful approach to increase food security and improve rural 
livelihoods while helping poor communities to adapt to climate change. Agroforestry also has a strong 
potential to reduce greenhouse gas emissions. For livestock farmers, agroforestry can provide an important 
source of feed for cattle in times when little other choice is available. For a number of years, Malawi has been 
promoting the use of agroforestry, and its importance has been highlighted in several policy documents, with 
various agroforestry pilots and programmes being implemented across the country. This study investigates 
the current adoption levels of agroforestry practices by dairy farmers in Malawi, using data from a nationwide 
smallholder survey. Statistical Programme for Social Sciences (SPSS) was used to assess the relationship 
between a number of household socio-economic and external characteristics ɀ including security of tenure, 
access to extension, total income, gender and level of education of the head of the household ɀ on the 
adoption of agroforestry. Additionally, we examined the types of agroforestry systems practiced and the main 
benefits of trees grown in these systems. The main findings demonstrate that adoption rates are low, with 
only 40% of respondents being involved in agroforestry work. The most common system adopted is 
intercropping (46.4%), followed by hedging (34.8%) and alley cropping (13.3%). Surprisingly, the results 
display no correlation between most of the farm and external variables and the likelihood of adoption. Key 
challenges constraining the uptake of agroforestry practices as reported by farmers are a lack of knowledge of 
the benefits of agroforestry, a lack of seeds, and limited land for planting. We conclude that a targeted 
training campaign on the benefits of agroforestry as well as a timely provision of seeds are the two factors that 
could most likely increase its adoption potential.  
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The gap between milk demand and local supply in Tanzania is very large and is projected to continue to widen 
in the near to medium future. This unmet demand presents an important opportunity for improving the 
welfare of producers and their market agents, through income and employment generated in dairy 
production, processing and marketing. In this context the CGIAR Research Program on Livestock and Fish 
embarked on an effort to transform the Tanzanian dairy value chain (VC) to produce more milk by and for the 
poor. But efforts to maximize milk yields, production and profitability need to be balanced with long-term 
sustainability and environmental stewardship. It is thus important to assess potential environmental impacts 
before embarking on large-scale development projects geared towards livestock production intensification 
and value chain transformation. Here we present the application of the CLEANED framework for 
environmental ex-ante impact assessment of livestock and fish value chains to the Tanzanian dairy VC. We 
assess the environmental sustainability in terms of water, soil and biodiversity as well as GHG impacts of four 
best-bet intervention scenarios for adaptation to climate change and increased milk production: (i) 
introduction of improved breeds, (ii) improved animal health, (iii) improved input and output markets, (iv) 
reduced seasonality of feed availability. Productivity increases in all four scenarios go hand-in-hand with 
increased resource-use efficiency. Absolute increases in natural resource use on the other hand point to the 
need for e.g. appropriate manure and soil fertility management. Also, an overall rise in GHG emissions is 
expected. Through providing rapid results and flagging the main environmental issues simultaneously, we aim 
to support evidence-based discussions of alternative development pathways in the Tanzanian dairy value 
chain.
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The Horticultural Systems (HortSys) research unit of CIRAD undertakes with its partners in Sub-Saharan 
Africa, agroecological research which aims to: (i) locally manage plant health risks sustained by fruit and 
vegetable producers, which are exacerbated by climate change (CC), in view of adapting cropping systems to 
its effects; (ii) adapt crop protection practices in order to mitigate CC at the global scale; (iii) prevent / 
anticipate the introduction / establishment in Europe of exotic pests that have become potentially invasive 
due to CC, by better management of the same in the areas of production of export crops. 
For instance, with the optimization of food webs involving Bactrocera fruit flies associated to fruit tree 
orchards in West Africa, all the above three aspects are encompassed since: (i) CC is likely to impact 
established biological control by de-regulating interactions between natural enemies and pests, due to greater 
susceptibility of higher trophic levels to CC effects; (ii) availability of a low-cost natural protection option will 
prevent fruit producers from cutting their trees, thus avoiding carbon destocking; (iii) Bactrocera fruit flies 
have become quarantine pests in Europe where they now may establish due to CC. 
3ÉÍÉÌÁÒÌÙȟ ×ÉÔÈ ȰÉÎÓÅÃÔ ÎÅÔÓȱ ×ÈÉÃÈ ÁÒÅ ÉÎÃÒÅÁÓÉÎÇÌÙ ÕÓÅÄ ÆÏÒ ÐÒÏÔÅÃÔÉÎÇ vegetable crops against arthropod 
pests, both in Eastern and West Africa: (i) microclimate under nets is likely to be modified by CC, which will 
require site-specific adaptations (e.g. highlands of Kenya vs. lowlands of Benin, where nets may have either a 
positive or negative impact on crop physiology and fungal plant diseases); (ii) the use of physical barriers 
drastically reduces losses and thus useless investment in chemical fertilizers and pesticides with high carbon 
footprints; (iii) the quarantine status of several vegetable pests, e.g. the whitefly Bemisia tabaci, has been 
altered by CC.
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The necessary evidence-based information required by farmers for improved sustainable food production is 
not always at their disposal. This reduces the ability to monitor and manage water resources in adapting to 
climate change. Climate-induced reductions in crop yields are expected to have significant long-term effects 
on the GDP of Nigeria. The study assessed climate change adaptation strategies among all the participating 
farmers across the 30 selected schemes under the River Basin Development Authority in Nigeria. Both 
participatory and climate analogue methodologies were adopted for the study. Fostering linkages with 
research and meteorological agencies for timely information on new drought resistant crop varieties and 
weather forecasts was observed to be of utmost important and as adaptation strategy. To implement climate-
smart agriculture there is need for competence-building learning system among small holder farmers. 
Achieving climate smart agriculture in Nigeria requires the building and strengthening the network of actors 
involved in the system of innovation. 
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To find solutions to the needs of a sustainable agricultural development that can ensure food security, improve 
the livelihoods of poor smallholder producers in the context of changing climate, some options of "climate 
smart agriculture" are being tested in two villages in Kaffrine, based on the concept of climate smart village. 
The different components of this model are climate services, weather insurance, diversification, 
mitigation/carbon sequestration, community management of the resources and capacity development. A 
ÈÏÌÉÓÔÉÃ ÁÐÐÒÏÁÃÈ ÃÏÍÂÉÎÉÎÇ ÒÅÓÅÁÒÃÈÅÒÓȟ ÌÏÃÁÌ ÐÁÒÔÎÅÒÓȟ ÆÁÒÍÅÒÓȭ ÇÒÏÕÐÓȟ ÈÁÖÅ ÐÅÒÍÉÔÔÅÄ ÔÏ ÓÅÌÅÃÔȟ ÐÒÉÏÒÉÔÉÚÅ 
and test the best climate-smart technologies and approaches that are suited to local conditions. The entry 
point of the work is the forecast information sharing and use to plan the cropping activities at the beginning of 
each rainy season. Based on this forecast a range/combination of activities are being tested to ensure food 
security, promote adaptation and build resilience to climatic stresses in two sites with the hope that proven 
approaches can be scaled up to the rest of the country. The tested combinations include sustainable 
management practices, improved varieties, rotation with legumes, soil and water conservation techniques. 
Nutrient management are optimized through fertilizers application precision. Residue management and shrub 
are used to enhance carbon storage. Several practices emerge as double or triple wins in terms of climate 
adaptation, carbon sequestration, and productivity. In particular, changes in crop production associated with 
climatic forecast, integrated soil fertility management feeding are shown to provide multiple benefits across 
research villages. Despite the promising results of this new program, the main challenge remains dry spell, for 
which water conservation and management through water ponds building and supplementary irrigation may 
constitute a viable alternative in these semi-arid zones.  
 
Work funding by CCAFS.
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Biomass utilization for production of biochar (used as a soil amendment), which enhances soil fertility and 
ÃÁÒÂÏÎ ÓÅÑÕÅÓÔÒÁÔÉÏÎȟ ÈÁÓ ÇÁÉÎÅÄ ×ÉÄÅÓÐÒÅÁÄ ÁÔÔÅÎÔÉÏÎȢ 4ÈÅ ÕÎÄÅÒÓÔÁÎÄÉÎÇ ÏÆ ÂÉÏÃÈÁÒȭÓ ÐÈÙÓÉÃÁÌ ÁÎÄ ÃÈÅÍÉÃÁÌ 
properties is needed to use it for specific purposes such as nutrient retention, pH amelioration or contaminant 
remediation. Willow plant biomass was pyrolyzed at 300, 500 and 700 °C temperatures using fix-bed pyrolysis 
reactor. The bio-char yield decreases from 41.23 % at 300 °C to 24.35 % at 700 °C, whereas increasing pyrolysis 
temperature from 300 °C to 700 °C yielded bio-gas from 19.92 to 34.82 %. Maximum bio-oil yield (40.93 %) 
was obtained at 500 °C pyrolysis temperature. The biochar pH, EC, C, K, Na, ash content, and basic surface 
functional groups increased while acidic, carboxylic and elements P, Ca, and Mg decreased with increasing 
temperature. The highest surface area (5.25 m2/g) and CEC (6.70 cmol/kg) was observed at 300 and 500 °C 
respectively. The atomic ratios O/C, H/C and (O + N)/C decreased with temperature indicated aromatic carbon 
at high temperature. The analyses of Fourier Transformation Infrared (FTIR) show in decrease of organic 
functional groups with increasing temperature. It was found that the bio-char products can be characterized as 
carbon rich source at high temperature, which can be successfully used for carbon sequestration and 
agricultural use. These primary results could be useful meaning for utilization of willow plant biomass for 
biochar as well as for bio-energy production. 
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Developing countries contain up to 70% of the technical potential for AFOLU-based mitigation. With the 
promise of public ÁÎÄ ÐÒÉÖÁÔÅ ÉÎÃÅÎÔÉÖÅÓ ÆÏÒ ÍÉÔÉÇÁÔÉÏÎȟ ÄÏÚÅÎÓ ÏÆ ȬÇÒÅÅÎÈÏÕÓÅ ÇÁÓ ɉ'('Ɋ ÃÁÌÃÕÌÁÔÏÒÓȭ ÈÁÖÅ 
been developed in the past decade to provide farmers, companies, governments, and carbon markets with 
tools to assess and verify GHG impacts and offsets of land use practices. However, the empirical models used 
in GHG calculators draw heavily on measurements from temperate, developed countries, which do not reflect 
the soils, climate or management of smallholder farming in the tropics. Use of GHG calculators to estimate 
emissions and stock changes in tropical, developing countries may misrepresent emissions because the 
models are forced to predict outside of their calibration conditions. We compared GHG fluxes and carbon (C) 
stock change estimates from two GHG calculatorsɂthe Cool Farm Tool and EX-Actɂagainst measured GHG 
fluxes for a range of production conditions in tropical developing countries of America, Africa, and Asia. Our 
results showed that these tools overestimate GHG fluxes and C stock changes in smallholder agriculture. In 
over 25% of cases, the tools also incorrectly predicted whether emissions would increase or decrease with the 
adoption of a particular agricultural practice. These results spotlight the danger of relying on simple 
calculators for quantifying and verifying emissions and C offsets in these systems. While these tools use the 
best available empirical models, there is a strong need for additional data to calibrate GHG calculators in order 
to accurately evaluate the mitigation co-benefits of climate-smart agricultural practices in tropical, developing 
countries. 
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Phenology is a bio-indicator of climate evolutions. Measurements of phenological stages on perennial species 
provide actually significant illustrations and assessments of the impact of climate change. Phenology is also 
one of the main key characteristics of the capacity of adaptation of perennial species, generating questions 
about their consequences on plant growth and development or on fruit quality.  
Predicting phenology evolution and adaptative capacities of perennial species needs to override three main 
methodological limitations: 1) existing observations and associated databases are scattered and sometimes 
incomplete, rendering difficult the implementation of multi-site study of genotype-environment interaction 
analyses; 2) there are no common protocols to observe phenological stages; 3) access to generic phenological 
models platforms is still very limited.  
In this context, the PERPHECLIM project, which is funded by the Adapting Agriculture and Forestry to Climate 
Change Meta-Program (ACCAF) from INRA, has the objective to develop the necessary infrastructure at INRA 
level (observatories, information system, modeling tools) to enable partners to study the phenology of various 
perennial species (grapevine, fruit trees and forest trees). Currently the PERPHECLIM project involves 27 
research units in France.  
The main activities currently developed are: defining protocols and observation forms to observe phenology 
for various species of interest for the project; organizing observation training; developing generic modeling 
solutions to simulate phenology; supporting the building of research projects at national and international 
level; developing environment/genotype observation networks for fruit trees species; developing an 
information system managing data and documentation concerning phenology.  
Finally, PERPHECLIM aims to build strong collaborations with public (Observatoire des Saisons) and private 
sector partners (technical institutes) in order to allow a more direct transfer of knowledge. 
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Soil amendment with biochar as a means to reduce agricultural N2O emissions has received much recent 
attention. Significant work has been conducted to elucidate the effect of biochar on N2O emissions in relation 
to changes in soil pH, soil hydrology, aeration and carbon (C) and nitrogen (N) cycling. Nevertheless, many 
questions remain regarding the consistency and duration of biochar-soil interactions across soil and biochar 
types, crops and climates, especially under field conditions. Here we present the results of a meta-analysis 
using only field studies; the data set includes a total of 47 observations from 15 studies and 17 field sites. Rice 
systems accounted for 53% of observations, followed by: wheat (15%), pasture/ryegrass (13%), wine grape 
(9%), and other (11%).  
Our results show mean emission reductions between 17-19% following biochar amendment; while significant, 
this value is 65% lower than that of a recent meta-analysis which relied predominately on laboratory studies. 
Additionally we observed significant differences between cropping systems. The mean response ratio in rice 
systems was more than 2.5 times that of upland cropping systems; -26.3 to -33.9% versus -6.4 to -8.5%, 
respectively, with the latter not being significantly lower than zero, demonstrating a net null effect. The 
significant effect of crop type (rice versus upland) and the difference in magnitude of N2O mitigation potential 
between laboratory and field experiments warrants caution when extrapolating results to broader contexts. 
These results have significant implications for the development of biochar amendment as a climate smart 
agricultural practice, to predict the regional and/or global impact via modeling of biochar amendments on 
global warming potential, carbon offsets, and life cycle assessments, and the needed policies associated with 
biochar amendment programs. Hence, it is imperative to collect good quality field data to better determine 
what and where biochar application makes sense. 
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Climate change represents one of the most important challenges for irrigated agriculture. Increasing 
temperatures and reductions in precipitation experienced by Mediterranean and semi-arid areas around the 
world, not only impact crop growth and development, but also jeopardize the ability of water provision 
systems to meet agricultural water demands. The incorporation of adaptation measures, either incremental or 
transformational, requires a framework to identify the vulnerability of agricultural systems and evaluate their 
performance (residual impact of climate change). We present a decision support system that facilitates the ex-
ante evaluation of adaptation measures for irrigated agriculture in Central Chile. We worked under the 
assumption that vulnerability is determined by several variables (climate, hydrology, irrigation system, 
agronomic practices, ecological services and socioeconomic factors). We built an online interactive model that 
allows several types of users to obtain individual information about likely climate change impacts and to 
explore adaptation options. The platform called El Molino (Water mill) has been designed to produce user 
specific reports based on uploaded information and using an integrated model that connects Climate Change 
projections (RCP scenarios from different GCM models), statistical downscaling (suitable for climate change 
and climate variability), a hydrological model that allow us to evaluate impacts on streamflows and distribute 
water to several agricultural nodes, and a crop simulation model that translates climate impacts into yield and 
evapotranspiration changes. For each system individual metrics to evaluate vulnerability and the impact of 
adaptation strategies have been developed. The platform can be used by farmers to directly evaluate impacts 
of climate change/variability on their individual farms and crops, as well as by water authorities to study the 
vulnerability of different areas (as users upload information, regional patterns tend to express themselves). 
Surveys campaigns were carried out to collect farmer information in two basins allowing us to examine the 
preliminary results of this project.  
 
We thank the Chilean grant FONDEF D10i1051 and the National Commission of Irrigation for their support. 
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The definition of cropping systems adapted to future climate conditions remains a challenge for two main 
reasons. First, cropping systems are characterized by a large number of components related to crop 
succession and cropping practices, and this complexity generates a large number of possible cropping systems 
that need to be evaluated. Second, cropping system performance cannot be measured by a single variable, 
but rather by a diversity of criteria related to crop production and environmental impacts. The objective of this 
study is to present a methodological framework for adapting cropping system characteristics to future climate 
conditions and for evaluating their agronomic and environmental performances according to 12 different 
criteria. Our approach is based on two major points: first, a hybrid model combining a biophysical model and a 
set of quantitative indicators; and second, a conceptual framework to modify cropping systems in a functional 
manner. The hybrid model is able to rank a large diversity of cropping systems under different climate change 
scenarios and to identify systems showing good performances for several of the considered criteria. We use a 
global sensitivity approach to evaluate the robustness of the generated cropping system ranking, and show 
that this ranking is sensitive to some assumptions made on the model parameter values. 
 
Acknowledgement: The authors acknowledge the support of the French Agence Nationale de la Recherche 
(project ORACLE) 
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Mid-season drainage in flooded rice is known to reduce CH4 emissions, while effects on N2O emissions are 
more variable. The use of complex organic fertilizers (manure, compost etc.) may result in highly variable 
greenhouse gas (GHG) emissions, depending on the C and N availability of the substrate and the timing of 
flooding/drainage. In a series of field (Cambodia and Vietnam) and greenhouse experiments, we investigated 
the effect of a variety of organic amendments and wetting/drainage cycles on yield and GHG emissions. 
Overall, our results showed that drainage periods had minimal impact on yields, while reducing overall GHG 
emission. Mineral N additions generally lowered yield-scaled GHG emissions, due to strong yield responses, 
while organic manures generally increased or had no effect on emissions at field scale. Methane emissions 
were strongly controlled by C availability in the substrate (on equal total C-input basis), increasing in the order: 
biochar<composts<animal manures<fresh material. Direct comparison of treatments with and without 
biochar showed variable results, in some cases increasing CH4 emission, in other cases reducing it. Cambodian 
farmers expressed concerns over labor consumption and re-supply of water after drainage. In response to that, 
we tested if early-season drainage could replace mid-season drainage. With addition of labile carbon 
substrates (straw), duration of early season drainage was more important for reducing GHG emissions, than 
duration of mid-season drainage, and had the largest potential for total emission reduction. Nitrous oxide 
emissions generally increased with draining cycles, but did not lead to an overall increase in GHG emissions, as 
its contribution was balanced by lowered CH4 emissions. In conclusion, drainage periods are even more 
important for mitigating emissions when including organic manures or residues in flooded rice, and early-
season drainage should be further explored as a more safe and convenient option for smallholders.



Poster Session 2                                                         L2.1 Developing and evaluating climate smart practices 

 

155 
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Supplemental nitrate (NO3) persistently lowers enteric methane production by ruminants, but effects on milk 
quality have received less attention. If additives to lower methane emissions will be used in practice it is 
important to assess possible effects on the quality of dairy products. Ten rumen fistulated Holstein-Friesian 
lactating dairy cows (31.1±7.3L milk/day) were supplied with incremental amounts of NO3 (Bolifor CNF, Yara, 
Norway) either A) uncoated (n=6) or B) fat-coated (n=4). Cows were fed a total mixed ration in which NO3 was 
increased from 0% DM to 2.5% DM by isonitrogenous replacement of urea. Length of the experiment was 31 
days with NO3 (% DM) at 0% (3d), 1% (3d), 1.5% (4d), 2% (8d), 2.5% (5d) and stepwise down to 0% (8d). Blood 
samples were collected 3 and 6 hours after feeding on each day dose was changed and analysed within 15min 
for methemoglobin (MetHb). Milk of 6 consecutive milkings was collected on days 1-3 (0% dose) and 21-23 
(2.5% dose), pooled within treatment group and processed into pasteurized semi-skimmed milk, Gouda 48+ 
cheese and semi-skimmed yoghurt. Dairy products were tested for macro composition, NO3, nitrite (NO2), 
nitrosamines and evaluated by a trained sensory panel. No difference was observed between MetHb levels of 
cows fed A or B, where levels increased linearly with NO3 dose to a maximum of 10.6% of Hb (treatment group 
average). NO3 in fresh pooled milk increased from 0.2 mg/kg to a maximum of 6.7 mg/kg (A) and 3.7 mg/kg (B), 
whereas NO2 was below limit of detection in all samples (<0.04 mg/kg). Nitrosamines were not detected in 
fresh milk or any dairy product. No sensory differences were detected in pasteurized milk or yoghurt from 
cows fed 0% or 2.5% NO3. Effect of feeding A on cheese sensory properties cannot be confirmed nor excluded 
based on this experiment, whereas B did not exhibit an effect. More research is needed obtaining increased 
volumes of milk from cows supplied with NO3 to evaluate sensory effects further.
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57. Rainwater harvesting and conservation: climate smart sustainable techniques 

for homestead and cropland production 

 

Botha J.J., Anderson J.J. 
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Subsistence farmers occupy large areas in the semi-arid region of Southern Africa. Crop yields and rainwater 
productivity (RWP) are low due to low and erratic rainfall and high evaporative demand. Climate predictions 
indicate an increase in temperature for Southern Africa, which will increase unproductive water loss thereby 
reduce soil water availability, decrease productivity and aggravate food insecurity. Rural households have 
access to homestead gardens and arable cropland. The objective of this study was to increase crop yield and 
RWP by making use of appropriate sustainable climate smart: a) manual rainwater harvesting and 
conservation (RWH&C) techniques in homestead gardens and b) mechanical RWH&C techniques in croplands.  
Crop production was demonstrated with on-station and on-farm experiments in homestead gardens and 
croplands in South Africa, Botswana and Zimbabwe over a number of seasons. In-field rainwater harvesting 
(IRWH) was compared to conventional tillage (CON) in homestead gardens. Cropland treatments included 
CON, IRWH, Daling plough, mechanized basins and minimum/no-till. Soil water content, evaporation from the 
soil surface (Es), runoff (R), carbon content, grain yield, RWP, gross margins were measured and calculated. 
The number of households and communities implemented the CST were also monitored.  
Sustainable climate smart RWH&C techniques: a) reduce Es; b) stop R; c) conserve rainfall for longer periods; 
d) minimize the risk of crop failure linked to erratic and declining rainfall and increasing temperatures; e) 
increase RWP; f) increase food production; g) conserve carbon as compared to CON. More than 1400 
households in rural communities have implemented IRWH to improve their household food security status. 
The IRWH technique is a sustainable technique that contributes to climate change adaptation through 
increased plant available water, buffering during dry spells, increased yields and better RWP enabling food 
production.
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This paper summarizes lessons learned on CSA in collaborative programs between Norwegian University of 
Life Sciences and national research institutes in Mali, Sudan and Ethiopia. A series of on-station and on-farms 
field experiments were conducted on CSA methods. Crop establishment is a critical factor in crop production 
as seedlings are very exposed to drought, pests and diseases. A key is to find low cost methods for CSA. The 
most simple and low-cost way to intensify crop production in the drylands is priming of seeds in water for prior 
to sowing. Seed priming was found to increase yields in the range of 20-50% pearl millet, sorghum and 
groundnut. Microdosing in the order of 0.2 to 0.6 g fertilizer per pocket (NPK or DAP) combined with seed 
priming increased yield by 30 to 100 %. The speediness of the work is also a critical factor in crop 
establishment as there are few days per year when sowing is feasible. Use of a sowing machine allows sowing 
to be done about 10 times faster as compared to manual sowing and application of primed seeds and 
microdosing by the use of the sowing machine is more precise, furthermore improving crop establishment. 
Additional gains were achieved through application of compost as microdosing, mulching, seed coating with 
insecticide/fungicide and urea top dressing as microdosing. By combining all these methods, a yield increase, 
up to a tripling, has been achieved in sorghum, millet and groundnut. These methods combined improve 
water use efficiency through earlier crop establishment (seed priming), more developed root system (seed 
priming and microdosing), less evaporation (mulching) and earlier harvest (all methods combined). The cash 
demand for this type intensification is very low, while the value cost ratio is typically above 10 making this type 
of intensification attractive to poor farmers. As these methods can be introduced in a sequential manner, they 
can be considered as pathway for Climate Smart Agriculture.  
 
Acknowledgement: Financing from Norwegian Ministry of Foreign Affairs and Dryland Coordination Group. 
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Development agendas focused on climate-smart agriculture (CSA) assume that changing farming practices 
can simultaneously improve food security, adaptation and mitigation outcomes. So far, however, there has 
been a lack of comprehensive information to evaluate this conventional wisdom. Here we report results from 
ÁÎ ÁÐÐÒÁÉÓÁÌ ÏÆ #3!ȭÓ ÓÃÉÅÎÔÉÆÉÃ ÅÖÉÄÅÎÃÅ ÂÁÓÅȢ 7Å ÃÏÎÄÕÃÔÅÄ Á ÍÅÔÁ-analysis of the effects of 65 farm 
management practices (leguminous intercropped agroforestry, increased protein content of livestock diets, 
etc.) on 22 indicators consistent with CSA goals (yield, water use efficiency, carbon sequestration, etc.). Our 
search of peer-reviewed articles in Web of Science produced 144,567 candidate papers. We screened titles, 
abstracts and full-text against predetermined inclusion criteria, for example that the investigation took place 
in a tropical developing country and contains primary data on how both a CSA practice and non-CSA control 
affect a preselected CSA indicator. Mapping the location of the 6,000 studies that met our criteria shows 
geographic and topical clustering in relatively few locations and around relatively few measures of CSA, 
indicating potential for bias and highlighting gaps in the evidence for desired CSA objectives (e.g., gender 
inclusiveness). Furthermore, outcomes vary widely among studies and locations and are far from clearly 
ÐÏÓÉÔÉÖÅ ÏÒ ÎÅÇÁÔÉÖÅȟ ÓÕÇÇÅÓÔÉÎÇ ÔÈÅ ȬÃÌÉÍÁÔÅ-ÓÍÁÒÔÎÅÓÓȭ ÏÆ ÐÒÁÃÔÉÃÅÓ ÎÅÅÄÓ ÔÏ ÂÅ ÃÏÎÓÉÄÅÒÅÄ ÆÏÒ ÌÏÃÁÌ 
conditions and objectives to be meaningful. Co-located, cross-outcome research tends to be sparse except for 
a few outcome-by-practice combinations. Thus, grand conclusions about synergies and trade-offs among CSA 
components may be unsupported. This meta-ÁÎÁÌÙÓÉÓ ÐÒÏÖÉÄÅÓ Á ÕÓÅÆÕÌ ÂÅÎÃÈÍÁÒË ÏÆ #3!ȭÓ ÓÃÉÅÎÔÉÆÉÃ ÂÁÓÉÓ 
and can support the transition from hype to meaningful impact on the ground.  
 
This work was principally funded by CCAFS with supplemental support provided by IFAD, CIFOR and FAO-
MICCA. 
 
 






















































































































































































































































































