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Outline 
1.  Relevant lessons from climate science 

2.  Implications for food security 

3.  Implications for food policy 



Climate Variability = natural variations that occur because of 
internal dynamics in the climate system 





Climate change = changes that occur because of external 
forcings of the climate system, such as from higher CO2 



Both variability and change matter, 
and they are often hard to separate 

www.fews.net	
  

In 2011: we’ve seen drought in E Africa, heat waves in 
US, flooding in Thailand. 



Important to know the distinction 

• Not every climate event or trend is the result of 
greenhouse gas emissions 

• Climate change does not simply increase variability, or 
necessarily affect the same aspects of the climate 
system 



Climate Science 
• 3 things we know well 

• 3 things we don’t 



Things we know: 1) Warming 

Source: NASA GISS 



Things we know: 1) Warming 

Battisti and Naylor 2009 Science 



1) Warming: Hot extremes become more common 



Alexander	
  et	
  al.	
  2006,	
  Tebaldi	
  et	
  al.	
  2006,	
  IPCC	
  AR4	
  2007	
  

1) Warming: Changes in extremes 
Observed 
Changes since 
1950: 

Map of 
trends 

Time series 
of global 
average  

Projected 
Changes to 
2100: 



1) Warming: Hot extremes become more common 

Kharin	
  et	
  al.	
  2007	
  

Warmest	
  days	
  will	
  get	
  much	
  
warmer	
  

Current	
  extremes	
  will	
  
become	
  more	
  common	
  



Alexander	
  et	
  al.	
  2006	
  

Things we know: 2) Heavy rainfall becoming 
more common 



Things we know: 2) Heavy rainfall becoming 
more common 

Tebaldi	
  et	
  al.	
  2006,	
  IPCC	
  AR4	
  2007	
  

Precipita:on	
  Intensity	
  =	
  total	
  rain	
  /	
  #	
  rainy	
  days	
  



Things we know: 3) Dry areas generally become drier 



Things we know: 3) Dry areas generally become drier 

IPCC 2007 

Average climate model projections of soil moisture change by 2080 



Things we don’t know: 1) Local Rainfall Changes 

Hulme et al. (2001) 

Changes in Senegal annual mean rainfall and temperature, 2050 relative to 1960-1990 

Different colors = different 
climate models 

Different points = 4 emission 
scenarios per model 



Things we don’t know: 1) Local Rainfall Changes 

Gray = individual models 
Red = Hadley model 
Black = model average 
Blue = observations 

Kumar et al. (2010) 

Changes in Indian monsoon rainfall 



Scale Matters 

Country	
  A	
   Country	
  B	
  



Things we don’t know: 1) Local Rainfall Changes 

Average	
  trends:	
  <1	
  %/decade	
  
Range	
  of	
  trends:	
  -­‐2	
  to	
  +2%/decade	
  

Averaged over continent, changes in rainfall will likely be <10% over 50 years 

l	
  



Things we don’t know: 2) Rate of warming 

Average	
  trends:	
  0.3	
  °C/dec	
  
Range	
  of	
  trends:	
  0.2	
  to	
  0.5	
  °C/dec	
  

l	
  

Average	
  trends:	
  <1	
  %/decade	
  
Range	
  of	
  trends:	
  -­‐2	
  to	
  +2%/decade	
  



Things we don’t know: 3) year-to-year variability 

Average 
model change 
for mean T 

Average model 
change for 
mean precip 

Average 
model change 
for precip 
variability 

Average model 
change for T 
variability 

Giorgi and Bi (2005). EAS=East Asia, SAS=South Asia, SAF=Southern Africa, WAF=Western Africa, EAF=Eastern Africa, AMZ=Amazon 



Outline 
1.  Relevant lessons from climate science 

-trends toward more heat, heavy rain, and drought will 
continue 

-broad scales easier than local scales 

2.  Implications for food security 

3.  Implications for food policy 



Two pathways of climate impacts on food security 

Local 
productivity 

Local Prices  

Climate Change 

Food Security 

Local 
Incomes 

Global 
productivity 



Two pathways of climate impacts on food security 

Health of local 
economies, rural 
infrastructure, 
assets and risk-
taking,  etc. (see 

previous lectures) 

Local 
productivity 

Local Prices  

Climate Change 

Food Security 

Local 
Incomes 

Global 
productivity 

Long-­‐term	
  impacts	
  

short-­‐term	
  impacts	
  	
  



The importance of global productivity 

Africa imports >40% of rice and >60% of wheat consumption 



Effects on Productivity 

Higher CO2:   ++    + 

Drought:   --    -- 

Heavy Rain:   -    -- 

Warming:   +/-    -- 

High Latitude   Low Latitude	
  



Why does temperature matter for agriculture? 

Five main reasons: 
1.  Crop growth – photosynthesis, respiration 
2.  Crop development – duration of key stages (e.g., grain filling) 
3.  Water stress – greater vapor pressure deficits drive more water 

loss 
4.  Cell damage – high temperatures can cause irreversible damage (e.g., 

spikelet sterility) 
5.  Biotic stress – pests and diseases develop more quickly 

Wheat, barley 

Maize 

Rice (irrigated), Sorghum 

“optimum” mean temperature for yields: 

Temperature effects depend primarily on: 
• Crop type 
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Data from Lobell et al. 2011, Science 

These optima are evident even in cross-country comparisons 



Why does temperature matter for agriculture? 

Five main reasons: 
1.  Crop growth – photosynthesis, respiration 
2.  Crop development – duration of key stages (e.g., grain filling) 
3.  Water stress – greater vapor pressure deficits drive more water 

loss 
4.  Cell damage – high temperatures can cause irreversible damage (e.g., 

spikelet sterility) 
5.  Biotic stress – pests and diseases develop more quickly 

Wheat, barley 

Maize 

Rice (irrigated), Sorghum 

“optimum” mean temperature for yields: 

Temperature effects depend primarily on: 
• Crop type 
• Well-fertilized vs. nutrient poor 
• Rainfed vs. irrigated 
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More heat = more need for water 

Lobell,	
  Banziger	
  et	
  al.	
  2011,	
  Nature	
  Climate	
  Change	
  

Field	
  trials	
  
Rapid	
  yield	
  loss	
  >30°C	
  



More heat = more need for water 

World Bank, 2011 



Projected impacts on local productivity 

Still considerable uncertainty 
for individual countries 

Higher latitudes 
unhurt by warming, 
benefit from CO2 

Major current producers 
likely to see losses (high 
input rainfed systems, or 
irrigated wheat in hot 
areas) 

-­‐55	
   -­‐20	
   0	
   20	
   50	
   100	
  

Muller	
  et	
  al.,	
  World	
  Bank	
  Dev.	
  Report	
  2010	
  



Implications for food security 

Local productivity:  
• Still a lot of uncertainty on local scale productivity impacts 
• But less uncertainty in relative impacts: Africa & South Asia likely 
to be impacted more than other regions 
• And less uncertainty on need to adapt to warming: will be a big 
challenge in Africa & South Asia 
• Still a poor understanding of changes in variability, but plausible 
that variability will go up 

Global productivity:  
• Gains from high CO2 likely to compensate for climate-related losses 
in next two decades, with some crops better off than others 
• Beyond that, upward pressure on prices will affect net consumers 
• Still a poor understanding of the potential for more price spikes, 
but plausible as major producers move further from their optimum 
conditions 



Implications are not just about the future 

Warming since 1980 has lowered global maize and wheat yields by 
~5% (1-2% per decade); little effect on rice and soybean (Lobell et 
al. 2011, Science).  

Trend	
  in	
  growing	
  season	
  temperature	
  (#	
  of	
  sd)	
  

Trend	
  in	
  growing	
  season	
  precipita:on	
  (#	
  of	
  sd)	
  



Implications for Food Policy 



Funds for Climate Adaptation  

• So far:  
• <$1 billion total has been disbursed for adaptation 
• Very fragmented mix of bilateral and multilateral 
funds 
• >75% of disbursed funds going to mitigation activities 

• In 2010, countries agreed to a target of $100B/yr by 
2020 (Green Climate Fund) for assisting developing 
countries with both adaptation and mitigation 

• Questions remain about follow-through and additionality, 
but an order of magnitude rise in resources for 
adaptation seems likely 

Data	
  Source:	
  hcp://www.climatefundsupdate.org/	
  



So how will it be used? 



Adaptation Options 

(World	
  Bank	
  2010)	
  

Some common distinctions: 
• Autonomous vs. Planned 
• Hard vs. Soft 
• Resilience building vs. impact avoiding 



Some existing viewpoints: 

• Focus on adapting to current variability, because it will 
get easy buy-in, build institutions, help with many aspects 
of climate change 

• Focus on developing mitigation activities in agriculture, 
because that is where the money is, and it will do more to 
build resilience than any other adaptation activity 

• Focus on diversifying economy away from agriculture, 
because other sectors are less vulnerable to weather 
shocks 

• Focus on “building resilience” at local scales, because “all 
adaptation is local” 



Some shortcomings: 

• Focus on adapting to current variability 
• Too much emphasis on things that aren’t trending (average 
rainfall) compared to things that are (temperature) 

• Focus on developing mitigation activities in agriculture   
• Important, but still unproven. not a replacement for adaptation 

• Focus on diversifying economy away from agriculture,   
• To what? (can’t skip agriculture, see other lectures) 

• Focus on “building resilience” at local scales 



A focus on country or sub-country scales 

Donor Countries 

International 
Funds (e.g. Green 

Climate Fund) 

Potential 
Recipient 
Countries 

$$$ 
National 
Adaptation 
Program of 
Action (NAPA) 

Funded Projects 

The (main) mechanism of international adaptation funding:	
  



National Adaptation Program of Action (NAPA) in Niger 



This local emphasis feeds back to science, with an obsession on 
the weakest part of climate science 
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Share of Modern Variety Area in Developing Countries 
with CGIAR Ancestry in Cultivars 

Data source: Renkow and Byerlee 2010, Food Policy 

Not only is climate change clearer at broad scales, but 
investing at these scales has historically been a very good bet 



International Networks Have Been Key to Crop Improvement 

Alene et al. 2009 

Adoption rate of modern maize 
varieties in C and W Africa 

Source of new maize germplasm 
in C and W Africa 



An example of the need for global cooperation 

• Not every country will need heat and drought 
tolerant seeds, but we don’t know in advance which 
ones. 

• Historically, crop development has worked best 
when done by international groups, partnering with 
national institutes 

• Success of crop development will depend on 
genetic diversity, which takes coordination to 
collect and preserve 



Summary of key considerations for policy makers 
For effective adaptation, need to balance between: 

• Climate variability vs. change: Not every blip is climate 
change, there are risks of over-reacting to some changes 
and not focusing enough on others. 

• Local vs. broader efforts: Local resilience is important, but 
climate uncertainties are typically biggest at local scales, 
and many useful technologies will emerge from international 
networks. 

• Avoiding impacts vs. building resilience: reducing sensitivity 
of agriculture to weather is important, but climate will 
continue to exert a drag on productivity growth. This 
increases the urgency of raising productivity and completing 
the structural transformation in sub-Saharan Africa, 
sooner rather than later. 


