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WHY FORECAST?

Risk-averse decisions (crop diversification, climate-robust crops, etc.) lower 
short-term vulnerability to climate, but keep farms hovering near poverty 
thresholds in the longer term.
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Climate forecasts at different timescales can help farmers become informed 
risk takers, where they are able to inform relevant and important farm 
decisions: 

Which cultivars to plant?

What crop system to use?

Whether to purchase livestock or capital?

Whether to use fertilizer?

Whether to send kids away to school?



HOW AND WHAT SHOULD WE FORECAST?

To be useful, a climate-related decision aid must:

Have some prediction skill1

Have value (i.e., provide the right 
information for a relevant decision)1

Treat and communicate climate in a locally 
relevant way2

1 Meinke and Stone (2005). Climatic Change 70:221-
253
2 Roncoli (2006). Climate Research 33:81-99

The first of these can be demonstrated mathematically; the latter require 
significant social research.
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Tree ring history

Instrumental PDSI

Year

PART 1: LOOKING AT SKILL - CLIMATE
RECONSTRUCTIONS AS A COMPLEMENT TO MODELS

Decision aids derived from climate reconstructions bring advantages, vis-à-vis 
model predictions, for inter-annual decision making:

Basis in past, rather than modeled climate, eliminates 
lead-time issues,  increases face validity

PDSI ∝ f (ring width)

Ease of dissemination in remote areas
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The basics of tree-ring climate reconstruction:



THE MADA (MONSOON ASIA DROUGHT ATLAS) 
DATASET

Subset of the MADA data used to derive area 
averages for Myanmar, Thailand, and Cambodia/Viet 
Nam

The MADA is a 2.5° gridded set of PDSI 
histories, derived from a set of 327 tree 
ring histories spanning Monsoon Asia.1

1 Cook et al. (2010).  Science 328:486-489
2Bell et al. (2011). Climatic Change (In Press)

3Lall and Sharma (1996).  Water Resources Research 32(3):679-693

We use a subset of the MADA points 
in this study to create area-averaged 
PDSI histories for 3 regions:

Mainland Myanmar

Mainland Thailand

Cambodia/Viet Nam

We derive climate forecasts in several 
ways:  quantized probabilities2, nearest-
neighbor bootstrapping3
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Along the length of the history, use climate records from a calibration period to 
predict climate during a test period.

We look at various points y, using varying pattern lengths and calibration periods, 
to understand how climate *predictability* has shifted over time.

We compare results of using climate information (CI) against simple strategy of 
assuming persistence (AP), in making a simple agricultural choice.

A FIRST APPLICATION: COMPARING STRATEGIES FOR MAKING AN
INTER-ANNUAL AGRICULTURAL CHOICE
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Consider a simple agricultural decision for which advance knowledge about 
the upcoming season can be helpful:  choice of rice cultivars, with simple 
linear responses to wetter conditions

EVALUATING CI AND AP STRATEGIES

Depending on climate, one 
cultivar will have higher yield 
than other.

For each year in period:

1. Choose cultivar based on 
prediction using AP or CI

2. Calculate actual yield 
based on actual climate, 
and add to cumulative yield

Evaluate the relative benefit of using CI over AP as the difference in 
cumulative yields between the two approaches.
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BENEFIT OF CI RELATIVE TO AP, AS A FUNCTION OF CROSS-OVER
POINT
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Relative advantage to CI for choices that cross-over under ‘moderate anomalies’



Mainland Myanmar

RESULTS: EFFECT OF MATCHED PATTERN LENGTH AND
CALIBRATION PERIOD
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Mainland Thailand

RESULTS: EFFECT OF MATCHED PATTERN LENGTH AND
CALIBRATION PERIOD
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Cambodia and Southern Vietnam

RESULTS: EFFECT OF MATCHED PATTERN LENGTH AND
CALIBRATION PERIOD
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A SECOND APPLICATION:  PRICING INDEX INSURANCE

Index insurance is a recent innovation that guarantees indices (like rainfall) that 
are correlated with yields, rather than yields themselves – eliminating moral 
hazard risk

Indices are highly, but not perfectly correlated with yields, providing imperfect 
protection

However, a portfolio of index contracts on various indices can significantly reduce 
the agricultural risk faced by the insured farmer

Price of contract depends on knowledge of the climate distribution:

Can additional information from paleo-climate reconstructions 
reduce prices for farmers?

12 of 17



RESULTS: INFORMING INSURANCE PRICES WITH PALEO-CLIMATE
DATA

Across the regions in our study, and a range of contract conditions, more data 
consistently leads to better outcomes for the insured farmer
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Forecasting tools from paleo-climate data potentially have value where it 
counts – outperform naïve assumptions of persistence under conditions 
where there is value to thinking about climate

Benefit shifts over time and space, and the value of matching longer 
patterns or drawing from longer periods is context sensitive. 

SUMMARY: THE POTENTIAL VALUE FOR CLIMATE
RECONSTRUCTIONS IN AGRICULTURAL DECISIONS

Improved climate distributions derived from paleo-climate data can offer 
better pricing options to farmers in index insurance programs

Beyond providing a lens into historical *predictability* of climate, tree-ring 
reconstructions may have value as historical analog forecasting tools 
where instrumental records are insufficient.
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Significant research efforts into the use of climate information in the US, 
Australia, and targeted regions in Africa

Results are context- and culture-specific, and there is a need to use these 
successes to spur the development of infrastructure in other regions

The purpose of this work is to develop region-specific knowledge for 
Southeast Asia, beginning with Vietnam

PART 2: LOOKING FOR VALUE – SOCIAL RESEARCH IN SOUTHEAST
ASIA
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Overarching 
research question: 

What are the niches for climate information in 
agriculture and water management in Vietnam?

Specific research 
questions: 

What decisions do farmers, farm planners, and water 
managers make?

What options do they choose among?

What kinds of information inform their decisions?

What forms of climate information would be most 
useful and trusted?

How are demands for climate information distributed 
across the landscape?

What are the potential gains from improving access to 
climate information?

RESEARCH QUESTION
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Major rice producing areas for Vietnam

Developing river basin organizations

Densely populated, high adaptive 
capacity

Subject to different kinds of natural 
hazards

Different attitudes toward markets, 
collectivization

Red River Delta, 
Northern Vietnam1

1
Mekong River Delta, 

Southern Vietnam2

2

Data sources: Boundaries – Global Administrative Areas (gadm.org); Streams – Hydro1K (eros.usgs.gov); Production intensity – World Rice Statistics, Internationa     

PROPOSED STUDY AREAS
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Outline

 Study sites, design and methods

 Experience of climate shocks and coping 
strategies

 Perceptions of climate change 

 Adaptation strategies, desired adaptations, 
and constraints

 Determinants of adaptation

 Priorities for adaptation

 Conclusions and policy recommendations



STUDY SITES, DESIGN & METHODS

District AEZ

Garissa Arid

Mbeere South Semi Arid

Njoro Semi Arid

Mukurweini Temperate

Othaya Temperate

Gem Humid

Siaya Humid
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Climate Shocks and Coping 
Strategies



Climate shocks experienced by farmers 
over the last 5 years, by district
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What were the effects of shocks?
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How did households cope with shocks? 
(percent of households)

Coping strategy Arid

Semi-

Arid Temperate Humid

Did nothing 87.3 27.7 19.1 11.5

Sold livestock 1.5 30.2 20.8 7.3

Borrowed from friends or 

relatives 0.0 4.5 5.5 6.3

Borrowed from the bank 0.0 0.0 6.0 0.5

Received food aid 0.5 5.0 2.7 2.1

Sought off-farm employment 0.7 0.7 5.5 4.2

Bought food 0.0 46.0 47.5 68.8

Ate less 3.7 8.4 8.2 27.6

Ate different foods 0.0 4.0 8.7 18.2

Source: IFPRI-KARI 2010



Who were affected and who took action?
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Perceptions of Climate Change



Perceptions of long-term changes in average 
temperature and rainfall, by district
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Perceptions of long-term changes in 
rainfall variability, by district

0

10

20

30

40

50

60

70

80

90

100

Rains more 
erratic

Rains 
earlier

Rains later Rains 
heavier

Longer 
drought

More floods

%

Garissa

Mbeere South

Njoro

Mukurwe-ini

Othaya

Gem

Siaya

Source: IFPRI-KARI 2010



INTERNATIONAL FOOD POLICY RESEARCH INSTITUTEINTERNATIONAL FOOD POLICY RESEARCH INSTITUTE

Adaptation Strategies and 
Constraints to Adaptation



Adaptation to climate change

Source: IFPRI-KARI 2010
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Adaptation to climate change by AEZ

Rank Arid Semi-Arid Temperate Humid

1 Move animals Change planting 

decisions 

(variety/type/ 

date)

Change planting 

decisions 

(variety/type/

date)

Change planting 

decisions 

(variety/type/

date)

2 Change 

planting 

decisions 

(variety/type)

Change to mixed 

crop/ livestock 

systems

Change fertilizer 

application

Change fertilizer 

application

3 Change 

livestock feed

Planting trees Change 

livestock feed

Increase land



Adaptations to climate change 
reported by community leaders
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Desired adaptations
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Insights from PRAs

 Greater emphasis on livelihood diversification 
activities as an adaptation strategy, including

• Improved human and organizational capacity

• Literacy and technical training (entrepreneurship, 
income generation activities, processing for value 
added, marketing, etc.)

• Access to information

 Highlighted the need for better market 
infrastructure; better quality, affordability, and 
distribution of inputs; and livestock and veterinary 
services
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Determinants of 
Adaptation



Determinants of adaptation

 Factors vary widely depending on the adaptation 
strategy chosen. Different strategies are needed to 
support the adoption of particular adaptation options. 

 Extension services support the adoption of almost all 
adaptation measures, although certain types of 
extension are more effective for particular adaptation 
strategies.

 Climate information is important for changing planting 
dates

 Diversified sources of income (mixed crop livestock 
production and off farm sources of income) and credit 
support adaptation of some measures



Determinants of adaptation

 Social safety nets (food or other aid) support the 
adoption of some practices (changing crop variety, 
changing planting dates, and changing livestock feeds). 

 However, farmers receiving food aid (usually targeted to 
the poorest households) were less able to take on larger 
investments, such as tree planting. 

 Access to irrigation is an important determinant of 
whether farmers change crop types, suggesting that 
investments in irrigation infrastructure would help 
farmers switch to higher-value crops. 

 Access to land is important for changing crop variety, 
planting trees, and constructing soil and water 
conservation measures. 
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Priorities for Adaptation



Conclusions - Priorities for Adaptation

Management practices Adaptation 
benefitsa

Mitigation 
potentialb

Productivity/ 
Profitability

Cropland management
Improved crop varieties and/or 
types

positive mixed unclear

Changing planting dates positive unclear unclear

Improved crop/fallow 
rotation/rotation with legumes

positive mixed mixed

Appropriate fertilizer/manure use positive positive positive

Incorporation of crop residues positive positive positive c

Water management
Irrigation/water harvesting positive mixed positive

SWC positive mixed mixed d

Livestock/grazing land management
Improved livestock feeding positive positive positive

Destocking positive positive positive

a As reported by farmers
b As calculated with DSSAT and livestock mitigation models
c Tradeoff with livestock feed in certain areas
d Positive impacts in areas where soil moisture is a constraint, depends on combination of technologies
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Conclusions and Policy 
Recommendations



Conclusions-Climate Shocks

 Climate shocks, particularly drought, pose 
hardships on poor smallholder producers

 Households have difficulties coping with shocks 
(many coping responses are “last-resort” decisions 
e.g. reducing consumption, selling livestock etc.)

 Households need greater resilience to cope with 
climate variability, through the accumulation of 
assets and wealth

 Particularly women who are less likely to take 
action in response to shocks

 Households in the arid zone have few options at 
their disposal



Conclusions - Adaptation
 Short term coping strategies, such as food aid, are 

necessary but need more support for long-term 
adaptation (e.g. livelihood diversification)

 Development/government agencies should focus more 
on supporting long-term adaptation strategies through 
greater investments in rural and agricultural 
development
• Development and dissemination of technologies

• Support for alternative supplementation

• Improved quality and access to inputs (e.g. fertilizer)

• Access to output markets

• Rural services (credit and extension) for 

• Education and training for livelihood diversification within and 
outside agriculture

 Support for collective adaptation strategies and 
demand-driven approaches are needed
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Thank You!

Elizabeth Bryan

(e.bryan@cgiar.org)
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Along the length of the history, use climate records from a calibration period to 

predict climate during a test period.

We look at various points y, using varying pattern lengths and calibration periods, 

to understand how climate *predictability* has shifted over time.

We compare results of using climate information (CI) against simple strategy of 

assuming persistence (AP), in making a simple agricultural choice.
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Consider a simple agricultural decision for which advance knowledge about 

the upcoming season can be helpful:  choice of rice cultivars, with simple 

linear responses to wetter conditions

EVALUATING CI AND AP STRATEGIES

Depending on climate, one 

cultivar will have higher yield 

than other.

For each year in period:

1. Choose cultivar based on 

prediction using AP or CI

2. Calculate actual yield 

based on actual climate, 

and add to cumulative yield

Evaluate the relative benefit of using CI over AP as the difference in 

cumulative yields between the two approaches.
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BENEFIT OF CI RELATIVE TO AP, AS A FUNCTION OF CROSS-OVER

POINT
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Relative advantage to CI for choices that cross-over under ‘moderate anomalies’



Mainland Myanmar

RESULTS: EFFECT OF MATCHED PATTERN LENGTH AND

CALIBRATION PERIOD
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RESULTS: EFFECT OF MATCHED PATTERN LENGTH AND

CALIBRATION PERIOD
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Cambodia and Southern Vietnam

RESULTS: EFFECT OF MATCHED PATTERN LENGTH AND

CALIBRATION PERIOD
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A SECOND APPLICATION:  PRICING INDEX INSURANCE

Index insurance is a recent innovation that guarantees indices (like rainfall) that 

are correlated with yields, rather than yields themselves – eliminating moral 

hazard risk

Indices are highly, but not perfectly correlated with yields, providing imperfect 

protection

However, a portfolio of index contracts on various indices can significantly reduce 

the agricultural risk faced by the insured farmer

Price of contract depends on knowledge of the climate distribution:

Can additional information from paleo-climate reconstructions 

reduce prices for farmers?
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Major rice producing areas for Vietnam

Developing river basin organizations

Densely populated, high adaptive 

capacity

Subject to different kinds of natural 

hazards

Different attitudes toward markets, 

collectivization

Red River Delta, 
Northern Vietnam1

1

Mekong River Delta, 
Southern Vietnam2

2

Data sources: Boundaries – Global Administrative Areas (gadm.org); Streams – Hydro1K (eros.usgs.gov); Production intensity – World Rice Statistics, International Rice Research Institute (
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