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he main objective of the research capacity building component of AFFP 
is to provide technical and financial support for new generation of re-
searchers from least developed and developing countries to do pio-

neer and innovative research in the area of climate adaptation finance. The 
research reports of thirteen fellows1 can be classified into three broad groups: 
a) six papers on weather index-based insurance and non-life insurance (Aileen 
Lapitan from Philippines, D.V. Pahan  Prasada from Sri Lanka, 3 papers on 
Thailand, i.e., Nonarit Bisonyabut et al., Preesan Rakwatin, and Chonnakan 
Rittinon, and Pillay Kamleshan from South Africa);  b) one paper on the role 
of investment in weather forecast on farmers’ adaptation behaviour and the 
welfare impact on Nigerian farmers (David Awolala from Nigeria); and c) six 
papers on adaptation and sources of adaptation finance, which include inter-
national and national government finance (Perea Blazquez Ana Karla from 
Mexico, Yanquilling Rhomir from the Philippines), credit borrowed by farmers 
to finance their adaptation (Muhammad Nawaz from Pakistan), the use of re-
mittance for farming adaptation(Issah Justice Surugu Musah from Ghana), 
adoption of commercial forest scheme financed by doners (Ahmed Ajaz from 
Pakistan), and how the agro and plantation public listed companies compen-
sate the shareholders for the climate risks (Alam Md. Mahmudul from Malay-
sia). See list in the appendix in the full report. 

a)  Insurance  

Farmers in poor and developing countries are highly, if not highest, vulnera-
ble to climate change. Insurance is one of the means to manage such risks. 
Despite such benefit, studies show that the farmers’ demand for weather in-
dex-based insurance (WII) is very low. Two papers (in the Philippines and Sri 
Lanka) try to quantify the farmers’ willingness to pay (WTP) for such insurance 
and factors that affect their willingness to pay. In the Philippines, farmer’s 
age, gender and dependence on non-farm income are key drivers of decision  
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1 Two reports were financed by Thailand’s Research Fund, one of which consisted of 
four researchers headed by a senior economist at TDRI. 
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to buy WII. Farmers’ WTP falls below the range of 
conventional insurance premiums offered by the 
Philippine Crop Insurance Corporation (PCIC). Basis 
risk and uneven local climatic conditions along the 
landscape were found as causes of hesitancy about 
WIBI. 

The survey also revealed that farmers have adopted 
many adaptation strategies, including the cost reduc-
tion strategies along with approaches such as use of 
supplemental irrigation, intercropping, and shifting 
to stress-tolerant varieties.  In Sri Lanka, the farmers 
still have very poor understanding of the WII, and 
thus have a negative willingness for fixed compensa-
tion schemes (where the maximum payout is fixed  
at the beginning of the contract), but  positive will-
ingness towards a revenue-based compensation 
scheme and the government managed programs vis-
a-vis those run by private company or commercial 
bank. 

The three Thai papers are part of the large project 
that is a cooperation of the Bank of Thailand, the 
Bank for Agriculture and Agricultural Cooperatives 
and the Thai General Insurance Association, aiming 
at improving the effectiveness and efficiency of the 
on-going crop insurance for rice production, which is 
based on the loss verification at farm level under the 
government disaster compensation scheme. The first 
paper (Nonarit et al.) finds that the current indem-
nity-based crop insurance is less cost effective than 
the new proposed WII scheme, and imposes large fis-
cal burden because the scheme is heavily subsidized. 
Since the current scheme suffers a long delay in the 
process of loss verification, the benefits of the new 
WII exceed its cost because the WIIS system can re-
duce the insurance claim procedure around 47-115 
days, which can be quantified as a total benefit to the 
farmers on the scale of millions of dollar per year. An-
other source of benefit is that the new insurance can 
be designed so that it does not only pay out when 
farmers suffer total crop loss like the existing system, 
but also covers some minimum threshold loss.  

However, the new WII scheme still has some weak-
ness in measuring the crop loss. That is why the sec-
ond paper by Preesan aims at finding a supplemen-
tary method to increase the accuracy in identifying 
rice areas which experience climate risks. Though the 
satellite images are useful in identifying such areas, 
the phenological signal contains noise due to some 
technical reasons. The study finds that the proposed 
excess green (ExG) derived from handheld images or 
images taken from the agritronic stations can reduce 

the carried noise in the phenological signal. These 
findings could be very useful and support the agricul-
tural crop insurance program with accurate and 
timely information, reduce a need for the time-con-
suming field observation and appraisal process, and 
thus enhance the cost-effectiveness of insurance ad-
ministration. Yet information is still too limited for a 
practical use in insurance because it only provides in-
formation at a specific local farm level. There is a 
need for the government to invest in more agritronic 
stations as well as higher resolution satellite images. 

Finally, the third paper by Chonnakan uses a dynamic 
game experiment designed to simulate key decision 
making of Thai rice farmers and to test effectiveness 
of various interventions designed to enhance de-
mand for WII. The study finds that (a) the demand is 
low in the area with high uncertainty of govern-
ment’s loss verification, and (b) farmers who have 
small farm size, are older, and live in the high risk ar-
eas tend to buy more insurance with small reduction 
in premium. The effective interventions to stimulate 
the insurance demand are (i) the quality of insurance 
product, i.e., reducing the uncertainty of govern-
ment’s loss verification when disaster strikes, (ii) sat-
ellite-based loss verification process (which can in-
crease transparency and timeliness of the process), 
and  (iii) bundling insurance with production loan and 
social learning. The experiment also confirms signifi-
cant potential positive welfare impact of agricultural 
insurance. 

The last paper focuses on how microinsurance could 
be used within the risk pool structures of flood risk 
insurance products demanded by municipalities, to 
extend coverage to the most vulnerable urban poor 
affected by flooding events in the Western Cape, 
South Africa. Specifically, the study analyzes how the 
functionality of risk pool (i.e., solvency and financial 
stability) is changed when the complementary micro-
insurance schemes are implemented. It finds that mi-
croinsurance and risk pools may be viable in the same 
adaptation finance framework should there be suffi-
cient initial capitalization; future climate change is 
moderate; and, donor support is garnered for 3% to 
6% of the risk-pooling premium subsidization. 

b) Role of weather information services  

Awolala’s paper examines the role of weather infor-
mation services as an adaptation strategy and impact 
of government finances in weather information ser-
vices on farmers’ welfare in Nigeria. Using a farm 
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level cross sectional data in which weather infor-
mation were disaggregated at local district level in 
the middle savannah belt of Nigeria, a simultaneous 
equations model of endogenous switching shows 
that improved access to weather information, in-
creasing education, increasing length of farmers’ 
group membership, better access to market linkage, 
and large farm size have significant positive effects 
on the farmers’ propensity to use weather infor-
mation. Moreover, the endogenous switching regres-
sions, which estimate the expected outcomes under 
actual and counterfactual conditions and treatment 
effects, shows that farmers who have used weather 
information received higher per-capita income and 
outputs than a random non-user farmer would have 
obtained had he decided to use it. 

c) Sources of adaptation finance 

Six AFFP research projects addresses different 
sources of adaptation finance, i.e., international 
funding, national government budget, farmers’ own 
sources of finance (remittance and credit), donors’ 
provision of adaptation finance initiative for farmers 
to implement the sustainable climate adaptation 
projects, and stock market.  

The purpose of Ana Karla’s research was to better un-
derstand the extent to which international adapta-
tion finance (UNFCCC) has supported implementa-
tion of planned adaptation priorities in Least Devel-
oped Countries (LDCs). The study provides an indica-
tion of LDCs’ progress in accessing international fi-
nance to address planned adaptation priorities, and 
finds that there are opportunities to improve the dis-
tribution of adaptation finance among LDCs, as well 
as to strengthen the investment to address adapta-
tion priorities in other key sectors, such as the health 
sector. This is because there is a weak positive ten-
dency between the amount of finance received and 
the percentage of priorities addressed since 62 out of 
221 projects (or 28%) that are of high priorities  
received medium to high share of funding, and ac-
counted for 36% of total UNFCCC funding.  Notable 
exceptions include Comoros and Tanzania (which re-
ceived high finance <11% of total finance> for pro-
jects with low priorities) and Djibouti, Guinea Bissau, 
and Chad (low finance <4% of total finance> for pro-
jects with high priorities). Among five countries with 
the best progress in accessing finance to address ad-
aptation priorities (i.e., Bangladesh, Bhutan, Nepal, 
Rwanda, and Senegal), the first four countries are 
also countries which addressed the highest amount 

of adaptation initiatives. Finally, although the UN-
FCCC’s funds are mainly supporting sectors which are 
consistent with the highest priorities in NAPAs, i.e., 
the food security, terrestrial ecosystems and water 
resources sectors, the health and energy priorities 
are hardly addressed. 

The second paper by Rhomir analyses the People’s 
Survival Fund (PSF), which is the Philippine govern-
ment’s flagship climate adaptation finance program, 
designed to integrate adaptation activities to resili-
ence building, disaster risk reduction and poverty al-
leviation in poor and vulnerable local communities. 
The study finds that since the enactment of the Peo-
ple’s Survival Fund Law in 2011, only a few local gov-
ernment units were able to access the fund. The un-
derlying causes why municipalities failed to access 
the PSF include project proposal not being adapta-
tion in nature, failure to meet PSF standards, incom-
plete submissions and issues involving political will 
and political buy-in. The main problems that affect 
the implementation of the People’s Survival Fund are 
found at three levels, i.e., policy, institutions, and op-
erations. The policy problems include the infor-
mation gap about adaptation in general and the PSF 
in particular, lack of clear enabling guidelines for pro-
ject implementation and private sector participation. 
The capacity gap and lack of institutional-administra-
tive readiness at the local level are important institu-
tional barriers. Implementation of the PSF is ineffec-
tive because of bureaucratic delays incurred by agen-
cies involved in the delivery of the PSF during project 
implementation stage (operational barriers).  

However, there are some success cases which can be 
explained by the twin-support from the top-level 
management and from the grassroots as well as con-
certed efforts between state and non-state actors.  

Perhaps the most important source of adaptation fi-
nance for farmers is credit. Nawaz’s study of Pakistan 
farmers analyzes the existence of imperfect capital 
market (inequity and inefficiency) in credit financing 
to farmers at Pakistan and evaluates the choice of ad-
aptation strategy in the presence or absence of effi-
ciency and equity in loan provision. The report finds 
that there is an evidence about the existence of im-
perfect (inefficiency) capital market in financing the 
farmers’ climate change adaptation strategies. Only 
36% and 37% farmers have access to loan from for-
mal (Banks) and semi-formal lenders (MFIs), respec-
tively while 95% farmers have access to credit from 
informal lenders which also support the inequity is-
sue in credit market. Results based on Two Stage 
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Least Square-Instrumental Variable (2SLS-IV) and 
Heckman Treatment Effect Model for imperfect 
credit market and adaptation investment suggest 
that marginal and small farmers have less ‘access to 
credit’ from all types of lenders that reduce the 
farmer’s extent to climate change adaptations. Avail-
ability of non-farm income improves the access to 
credit and adaptation investment while leased-in 
land holding farmers have less access to credit from 
formal and informal lenders. Increase in ‘collateral’ 
such as immovable property significantly improve 
the farmer’s access to credit, but personal security is 
used as collateral at informal market, strongly sup-
port to the credit market inefficiency. 

Interestingly farmers could use their own resources 
to take the adaptation farming activities. Musah’ s re-
search concludes that remittances are vital for Gha-
naian farmers in financing climate change adaptation 
and if appropriately yoked into climate intervention 
policies, can strengthened and help farmers fashion 
out adaptation strategies that present high medium 
to long-term dividends.   

Sampling farmers from the Northern Region of 
Ghana indicates that they received US$62.7 of remit-
tance from their family members. The remittance en-
abled them to engage in some practices they de-
scribed as adaptation to climate impacts, i.e., buy 
chemicals/fertilizer (21.6%), buy drought tolerant 
maize seeds (14.0%), invest in children education 
(13.4%), buy an irrigation equipment (10.3%) and put 
up a storage facility (7.2%). Farmers were asked to 
assess the different strategies by using the four-point 
rating scale. The results show that the top three most 
important adaptation strategies are backyard gar-
dening, cultivation of drought tolerant crops and 
mixed cropping. More important, the Order Ranked 
Logit model confirms that the remittance had a 
strong positive association with some of the farming 
adaptation activities, i.e., irrigation farming, cultiva-
tion of improved crop varieties and use of compost 
manure. Interestingly, farmers who have more remit-
tance are more likely to engage in off-farm jobs as a 
mechanism to lessen climate shocks. 

Subsistent farmers need to adapt their farming prac-
tices to climate change; however, it is impossible for 

them to take-up adaptation measures without finan-
cial support as they lack the access to financial instru-
ments such as low interest concessional loans. Ajaz’s 
research proposes a self-sustaining financial initiative 
in which adaptation finance donors would provide fi-
nancial resources for Pakistani farmers to switch 
from existing subsistent farming to the commercial 
forestry scheme (CFS).  Results from the discretion 
choice experiment reveal that farmers derive disutil-
ity from existing farming practices, which is possibly 
due to their susceptibility to unfavourable weather 
changes, implying that farmers might prefer to adopt 
the CFS as an adaptive response. Some of the inter-
esting findings show that a) farmers are interested in 
CFS for their private benefits such as crop diversifica-
tion rather than the improvement in biodiversity. b)  
Farmers prefer their own choice of CFS location on 
their farm and demand compensation for allowing 
donor to choose the CFS location. c) However, farm-
ers are willing to sacrifice some amount of annual 
payment for choosing CFS location themselves, 
which indicates farmers’ disinclination to forgo their 
control on their farmland. d) Interestingly, farmers 
place a positive and significant value on wood share 
attribute of CFS and are willing to forgo certain 
amount of annual payment for having a share in the 
wood. 

The last but important source of adaptation finance 
is the stock market. Alam’s paper empirically exam-
ines the impact of climate change on stock market 
price volatility (market risk) of the agro and planta-
tion public listed companies in Malaysian stock mar-
ket, estimates the equity market risk premium (mar-
ket return) for climate change events, and examines 
the impact of climate change on the cost of equity 
(dividend).   

The overall findings show that climatic events are 
long term phenomenon which has not statistically 
significant impact on the stock price or market re-
turn.3 However, investors are aware about the nega-
tive impacts of climate change on the annual return 
of the company, and they expect compensation for 
the climatic risk. Therefore, public listed companies 
compensate the investors through providing higher 
dividend in the adverse climatic event year, which in 
turn also helps them to maintain stability in stock 
price. 

                                                       
3 The results are similar to the IMF study (2020) on “Global 
Financial Stability Report: Markets in the Time of Covid-
19.” Investors do not price in climate risk because of a lack 

of data, a mismatch of time horizon, and investors’ ignor-
ing climate change. 
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Climate change, smallholder farmers, and WIBI  

n recent years, many smallholder Filipino farmers have had to deal 
with increasing frequency and severity of droughts and typhoons. 
Between these extreme weather events, shifts in rainfall pattern 

have led to sub-optimal crop yields. Households’ food security, liveli-
hoods, and over-all welfare are at risk. Without appropriate adaptation 
efforts, climate change will continue to adversely affect rural commu-
nities. 

Utilization of conventional agricultural insurance as a climate change 
adaptation tool is constrained by the challenge of managing covariate 
risk. With the introduction of weather index-based insurance (WIBI), a 
guarantee is placed on risks such as drought or flood, which are highly 
correlated with agricultural production losses (Collier, Skees, & Bar-
nett, 2009). As WIBI pegs payouts to weather data thresholds, time de-
voted to actual loss assessment is dispensed with. It is deemed to re-
duce moral hazard and adverse selection, in turn lowering monitoring 
costs. It allows for reinsurance or the sharing of risk with other actors 
because it is based on an independently verifiable index. With these 
features, WIBI is reckoned to catalyze delivery of sustainable safety 
nets and promote development in climate risk-prone rural areas (Ha-
zell & Hess, 2010). 

However, experiences across the global South suggest potentially low 
demand for WIBI. Skees (2010) expounds on this in terms of low pro-
portion of takers, extent of coverage purchased, and proportion of 
poor farmers buying. Binswanger-Mkhize (2012) observes that for any 
type of crop insurance, demand is even lower among farmers who can 
afford it due to their own ability to self-insure against production risks, 
while those who need the coverage are too poor and credit constrained 
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Figure 1. Illustration of basis risk in crop production 

 
to pay the premium. Moreover, it is observed 
that uptake has generally been low and, in most 
cases, unsustainable (Carter, de Janvry, Sadou-
let, & Sarris, 2014). Amidst efforts to direct ad-
aptation finance resources toward supporting 
innovations such as WIBI, decision makers in 
both the public and business sectors would ben-
efit from empirically drawn insights about target 
clients’ preferences. 

How do smallholder rice farmers take to 
WIBI? 

WIBI was pioneered in the Philippines in 2007 
through MicroEnsure, which linked farms to 
local weather stations and introduced an 
automatic payout process. By 2009, ILO piloted 
WIBI in Mindanao by installing automatic 
weather stations (AWS) and establishing a 
climate information system. More recent WIBI 
pilots were launched in 2014, courtesy of the 
World Bank-funded Philippine Climate Change 
Adaptation Project (PhilCCAP) and UNDP’s col-
laboration with the national government in what 
was tagged as “WIBI Mindanao.” While these in-
itiatives had been breaking ground for the insti-
tutionalization of WIBI in the country, sustained 
adoption of WIBI in the countryside has yet to be 
seen. 

This AFFP-funded research investigates farmers’ 
knowledge and attitudes in relation to their will-
ingness to avail of the insurance product. The  

study was conducted in the municipalities of 
Catanauan and Lopez in Quezon, Philippines, 
which are considered vulnerable to climate 
hazards and are accessible to financing, 
insurance and AWS facilities—characteristics as-
sociated with potential for WIBI provision.  
A survey of 400 rainfed rice farmers within the  
5-kilometer range of an AWS, focus group dis-
cussions with farmer groups and key informant 
interviews with service providers were em-
ployed primary data for analysis. Contingent val-
uation method (CVM) was applied to gather data 
for estimation of farmers’ willing- 
ness-to-pay (WTP) for WIBI coverage. Two-step 
Heckman estimation was done to decompose 
the farmer’s decision-making process into two 
stages: 1) willingness to buy WIBI and 2) the pre-
mium that the farmer would like to pay.  

Key findings of the analyses are summarized be-
low: 

 Drivers of WIBI adoption 

Younger farmers exhibit greater openness to in-
novative schemes of risk protection. Women 
have less likelihood of preferring WIBI coverage, 
resonating with past observations (Akter et al., 
2016). FGDs revealed women farmers’ greater 
concerns about addressing basis risk, as well as 
their limited knowledge about insurance.  More-
over, farmers with higher non-farm income tend 
to favor WIBI coverage, indicative of perceived 
greater ability to afford premium. 
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 Low willingness-to-pay 

Farmers’ WTP falls below the range of conven-
tional insurance premiums offered by the Philip-
pine Crop Insurance Corporation (PCIC). FGDs 
point to concerns about basis risk and uneven lo-
cal climatic conditions along the landscape. Case 
in point would be flooding in low-lying areas 
where rainfall levels are not high.  

 Farmers’ other adaptation strategies 

Farmers in the survey reported cost-manage-

ment strategies in terms of reduction of  
material inputs, size of land cultivated, or (at  
the extreme) a postponement of farming for  
an entire season. Since non-farm activities con-
tribute a large proportion to household incomes, 
households can afford food and other 
necessities even without farming activity for a 
season. Other farmers allocate additional re-
sources for use in supplemental irrigation, 
intercropping, and shifting to stress-tolerant 
varieties. Formal credit was not a popular source 
of funding for adaptation. 

 

 

 

 

 

 

 

 
Figure 2.  Quezon, Philippines, by hazard vulnerability class (Source: CIAT, 2017) 

 

 
Figure 3.  Field photos in Quezon, Philippines (2017) 
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Figure 4. Farmer survey in Catanauan, Quezon 

(2017) 

 
Figure 5. Focus group discussion with farmers 

(2017) 
 

Table 1. Rice farmers’ WTP for WIBI (Heckman sample selection model) 
  Coefficient Linearized Std. Error t P>|t|
WTPWIBI     

No. of adaptation strategies 64.712 43.066 1.50 0.13
Rice area (sqm) -0.053 0.020 -2.63 0.01

Household assets (PhP) 0.000 0.000 -1.74 0.08
Rice income (PhP) 0.003 0.003 0.91 0.36

Non-farm income (PhP) 0.002 0.002 1.30 0.19
Constant 1885.270 298.303 6.32 0.00

WIBI   
Education Level 0.075 0.064 1.16 0.25

Being a female farmer -0.352 0.177 -1.99 0.05
Age -0.018 0.006 -2.95 0.00

Knowledge Score on CC -0.004 0.005 -0.71 0.48
HH Asset Value (PhP) -1.26E-07 1.46E-07 -0.86 0.39

Rice income -1.42E-06 3.01E-06 -0.47 0.64
Non-farm income 2.20E-06 8.33E-07 2.64 0.01

Constant 1.55E+00 1.55E+00 2.65 0.01
Athrho -0.0869083 3.76E-02 -2.31 0.02

Lnsigma 7.736981 2.69E-01 28.75 0.00
 

Table 2. Perceived effectiveness of adaptation strategies in loss mitigation (n=400) 
Primary Adaptation Strategy % Production Loss  

Mitigated 
% Income Loss  

Mitigated   
Adjust planting schedule 52.33 44.33 
Adjust harvest schedule 43.59 37.82 
Adjust fertilizer use 21.12 23.89 
Adjust pesticide use 34.82 35.89 
Change variety planted  34.48 35.48 
Adjust seeds use 35.88 36.72 
Adjust labor use 29.60 31.77 
Adjust use of supplemental irrigation 50.38 46.18 
Adjust the size of area cultivated 54.79 53.26 
Plant other crops with rice/intercrop 50.59 36.27 
Postpone planting for the season 88.46 19.23 
Other strategies 52.78 52.78 
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Figure 6. Sources of funds for adaptation strategies 

 
 
Recommendations for policy 

Financing climate change mitigation and 
adaptation efforts has become key to building 
individual and community capacities for climate-
resilient development. The provision of funds 
ensures that resources are available for capacity-
building, R&D, and economic development. In 
developing countries like the Philippines, climate 
change adaptation is seen as a more urgent 
concern than mitigation. Interestingly, only 
about 28 percent of the overall multi-lateral 
climate funds in the East Asia and Pacific region 
was reported in 2018 to support adaptation 
(Climate and Environment Programme, 2018).  
Within the adaptation finance architecture, 
finance flows for insurance and risk pooling 
mechanisms have been increasing. Given such 
development, this study offers insights about 
how policy and  the private sector may influence 
utilization and possibly, institutionalization of 
WIBI as a means of climate change adaptation in 
rural communities. 

Low willingness-to-pay for WIBI coverage among 
surveyed smallholder farmers points to neces-
sity of premium subsidy in encouraging risk-mit-
igating behavior among farmers. Subsidy is vital 
until other key barriers to sustained adoption of 
WIBI are addressed. With basis risk as a constant 
challenge to the desirability of WIBI, there must 
be continuing efforts to build database and tech-
nical capacities for appropriate product design. 
Likewise, institutional capacities must be 
strengthened for heightened engagement with 
farmers and other stakeholders in the delivery of 
WIBI as well as for exploration of various reinsur-
ance schemes. Measures must also be in place to 
ensure that information for decision making 
about WIBI as well as for entrepreneurial capac-
ity building, can reach both men and women 
farmers.  

This study also validated the different adapta-
tion strategies that farmers have been adopting 
sans the anticipated WIBI provision in their com-
munities. Results indicate the value of diversified 
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income sources in enabling subscription to cost-
reducing measures. Alternatively, some house-
holds invest in production or income loss miti-
gating strategies like supplemental irrigation and 
other agronomic practices. Climate adaptation 
finance can support the promotion such strate-
gies, considering the financing preferences of 
smallholder farmers. 
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1. Significance of the problem  

In the tropical countries, climate-induced threats affect agriculture 
mainly in the form of floods and droughts. The exposure to risk even at 
the smallholder level is too large to ignore. Literature reports that 
smaller and poorer farmers sacrifice as much as 27 percent of their ex-
pected income to reduce risk.1 Further, evidence on the limitations of 
traditional risk management tools can be witnessed in the long stand-
ing poverty traps in smallholder agriculture. While poverty traps are 
not created entirely due to risk in farming, they are indirectly perpetu-
ated by the inadequacy of traditional risk mitigation methods.  

At the level of the farmer, one potential approach is to introduce finan-
cial strategies that can help mitigate output and price risks. The gov-
ernment interventions often come in the form of subsidies for adapta-
tion technologies and compensation for climate induced harvest 
losses. In either case, the cost of intervention is borne by the tax payer, 
essentially indicating that there are welfare losses to the society at 
large. In contrast, privately-financed insurance schemes can be consid-
ered as market solutions to risk mitigation. In this context, Climate in-
dexed insurance (CII) schemes are known to have advantages over tra-
ditional indemnity-based insurance. For instance, the transaction costs 
of CII are considerably low relative to traditional insurance. This makes 
CII schemes attractive to private insurers. From the client (farmer) side, 
CII are more transparent than the traditional insurance. Further, cli-
mate adaptation finance channeled through an insurance instrument 
as opposed to a direct subsidy will strengthen the market orientation 
of smallholder agriculture sector while reducing the fiscal burden that 
subsidies entail. 

Adaptation Finance Fellowship 
Program (AFFP), a coordination 
of the Thailand Development 
Research Institute (TDRI), Frank-
furt School of Finance and Man-
agement, and the International 
Development Research Centre 
(IDRC), supports and promotes 
exceptional individuals from de-
veloping and emerging coun-
tries who are active in climate 
adaptation finance, either in the 
public or private sector or in ac-
ademia. This interdisciplinary 
exchange contributes to build-
ing leadership in adaptation fi-
nance across sectors for en-
hanced knowledge and sharing 
good practices in adaptation fi-
nance. 

https://tdri.or.th/en/affp-adap-
tation-finance/ 
 
 
 

 

 

 1 Rosenzweig, M. R. and Binswanger, H. P. (1993): Wealth, weather risk and the profit-
ability of agricultural investment. Economic Journal, 103, pp. 56–78. 



14 AFFP Research Brief 

2. Objectives of the study  

The overall objective of our study was to assess 
the potential to adopt climate-indexed insur-
ance. In order to be rigorous, a choice experi-
mental approach which is capable of revealing 
the marginal willingness to pay for attributes of 
such an insurance package, thus establishing the 
trade-offs faced by farmers in this respect, was 
adopted in the analysis. 

3. Research methods  

In this study, a choice experiment methodology 
is adopted to investigate the factors contributing 
to farmers’ adoption of climate-indexed insur-
ance. Especially, the study attempts to under-
stand the effectives of climate-indexed insur-
ance as a climate change adaptation strategy in 
smallholder agriculture in Sri Lanka. A sample of 
300 respondents to cover five agroecological re-
gions was targeted as potential respondents of 
the choice experiment.  

In order to plan the Discrete Choice Experiment 
(DCE), a preliminary literature survey and a series 
of focused group/key informant interviews was 
carried out to validate the relevant attributes 
and their levels proposed. A key element of an 
index-based insurance package is the measure- 
ment of climate indicators relevant as the trig-
gers of the payout. The sample sites for carrying 
out the study were chosen after considering the 
agro-climatology of the location and land use 
patterns. The following geographical locations 
were the primary study locations based on agro-
climatology3 and land use: Polonnaruwa, Am-
para, Batticoloa, Hambanntota in Dry Zone, 
Matara, Kurunegala in Intermediate Zone, Galle 
and Matale in Wet Zone. A total sample of 300 
farmers was targeted.  

                                                       
3 Three main climatic zones are present in Sri Lanka, de-
marcated mainly based on annual precipitation: Dry Zone 
(less than 1000 mm); Intermediate Zone (between 1000 
mm and 2500 mm); Wet Zone (above 2500 mm). 

Four Attributes of an insurance scheme were 
tested in the discrete choice experiment:  

a.  Premium  
b.  Reference area for evaluating Climate 

/weather indicator  
c.  Method of calculating compensation  
d.  Institutional authority managing the  

insurance scheme  

The above attributes were assigned levels based 
on feedback from Focused group discussions and 
key informant interviews. Premium was set at 
three levels of 200, 400, and 600 LKR. There was 
no precedent to standard insurance premium in 
the Sri Lankan context. The insurance program 
attached to the fertilizer subsidy is active at a 
payment of 3504 LKR and applicable for a maxi-
mum compensation up to 10000 LKR per acre.  

The rainfall index which is the most used indica-
tor of climate variability in tropical settings was 
selected as the weather index. The levels of the 
index referred to the size of the reference area 
for which the weather index calculated. The 
smallest unit was the ‘Grama Niladari’ Division, 
the command area of the local government ad-
ministrative officer. This area unit includes ap-
proximately 1500 individuals in Sri Lanka. The 
second level was the Divisional Secretary (DS) 
area which is an administrative service area ca-
tering to approximately 50,000 individuals. The 
largest reference area category for index meas-
ure is the administrative district, which usually 
comprises of around 10 DS units within it.  

The third attribute refers to the method of  
determining maximum compensation. Levels  
included cost compensation, revenue compen-
sation and fixed rate compensation.  

 

4 1 USD=130 LKR at the time of study 
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Final attribute is the type of institution managing 
the indexed insurance. The levels included the 
government (usually the Agrarian insurance 
board, or the department of agrarian services), 
agribusiness company or the bank.  

Experimental design included a four by three de-
sign generating 81 choice alternatives. Imple-
mentation of the experiment utilized nine choice 
sets for each participant following a fractional 
factorial design in order to reduce the cognitive 
burden of the respondent while maintaining ad-
equate degrees of freedom for estimating the 
main effects.  

4. Results  

The sample of farmers who participated in the 
choice experiment was randomly selected from 

five agro-ecological regions on Sri Lanka (see  
Table 1). 

Among the four optional paths to adapt to cli-
mate risks, namely, choosing crops with low irri-
gation needs, short term crops, efficient irriga-
tion technologies, and finally the option of insur-
ance purchase to cover the risk, the preference 
for insurance was the least frequent choice (see 
left panel of Figure 1). To shed further light on 
their preference for adaptation instruments, we 
further assessed the best strategy to adapt in the 
event of floods and droughts. In this instance, 
four options were given to choose from, namely, 
changing the crop, early or late crop establish-
ment, consulting farmer organization (FO) and 
consulting field extension officers (see right 
panel of Figure 1). Many indicated consulting 
farmer organization or field extension agents. 

Table 1: Descriptive statistics of the sample of farmers 

Variable  Mean  Std. Dev.  
Gender (female=1)  0.26  0.44  
Age (years)  52.74  12.08  
Education level (1-6 scale)  3  1.02  
Monthly income (LKR)  32741.37  25185.87  
Acreage cropped (Acres)  2.41  2.33  
Ownership (private=1)  0.79  0.40  
Distance to market (km)  6.45  7.97  
Early planting (yes=1)  0.23  0.42  
Early harvesting (yes=1)  0.16  0.37  
Irrigation availability (yes=1)  0.41  0.49  
Familiarity with Weather insurance (yes=1)  0.66  0.47  
Exposure to other Insurance (yes=1)  0.41  0.49  
Incidence of climate change impacts 
(yes=1)  

0.75  0.43  

 
 
 
 
 
 
 
 
 
 

Figure 1: Farmer preferences and perceived solutions to climate threats 
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Based on the choices made by farmers over the 
randomized choice scenarios, the marginal will-
ingness to pay values estimated for each of the 
above levels calculated in terms of LKR. The val-
uations are calculated with respect to the ‘base’ 
scenario (i.e. village level index, government 
management, cost based compensation). 

Table 2: Estimated Marginal WTP values for levels of 
product attributes 

  Marginal WTP (in LKR)* 
Index calculation unit area-Divisional  
secretary area  

-678.9  

Index calculation unit area-District  -1889.1  
Administrator-Bank  -112.2  
Administrator-Agribusiness company  -1050.5  
Compensation -Revenue  326.9  
Compensation -Fixed rate  -420.1  

* ‘base’ scenario: village level index, government management, 
cost based compensation. 

5. Policy and business implications.  

Given the current gaps in understanding on why 
uptake of insurance is poor or why there is a lack 
of supply of insurance products targeting climate 
risks in Agriculture, this study contributes to em-
pirical evidence on factor determining choices 
and utility associated with climate-indexed in-
surance in the context of small-holder faming.  

Smaller reference area unit (in contrast to larger 
administrative boundaries) is preferred by re-
spondents as reference area for weather-index 
calculation. Government (vis-à-vis the bank and 
the agribusiness company) is preferred as the 
management authority. The revenue-based 
compensation approach (vis-à-vis cost-based ap-
proach and fixed compensation) is preferred as 
the method of calculating compensation. The av-
erage negative marginal willingness-to-pay 
(MWTP) for medium and larger reference areas 
are -678 and -1,889 LKR respectively. The MWTP 
for insurance administered by a private company 
is -1050 LKR. The MWTP for a revenue-based ap-
proach is 326 LKR and the MWTP for the cur-
rently-practiced fixed compensation schemes is 
-420 LKR.  

Given the limitations on liquidity of farmer fi-
nances in the event of climate-based disasters, 
the introduction of appropriate insurance tools 
would help mitigate short-term liquidity issues. 
The credibility of indemnity-based insurance, 
which is the conventional type of insurance, has 
long suffered due to lapses in damage assess-
ment and timeliness of compensation payment. 
The weather-indexed insurance provides a via-
ble alternative if targeted based on estimated 
tradeoffs (captured in the willingness to pay es-
timates). 
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 hailand’s rice crops have been highly vulnerable from the effects 
of climate change including floods, droughts and severe storms.1 
During the past decade, Thai rice production has experienced 

weather patterns fluctuated from severe droughts to severe floods.   

Recent historical experiences have shown that, many Thai provincial 
areas are prone to both flood and drought risks. Figure 1a represents 
the risk of flooding in Thailand, varied by provinces. The figure shows 
that, many provincial areas all over the country, have a small- to me-
dium-sized risk, where some high-risk areas are observed in the central 
part of Thailand. Figure 1b shows the case of the drought risk. Thailand 
also has experienced small to medium degree of droughts all over the 
country, but the high risk areas, this time, are in the northeastern part 
of Thailand. 

In order to cope with these climate change risks, Thai government has 
already provided two subsidy schemes: 1) a Natural Disaster Relief pro-
gramme, compensating farmers if their fields have been devastated by 
the natural disasters, mainly including floods, droughts, and wind-
storms, and 2) a crop insurance scheme, a government-financed insur-
ance programme, providing extra compensation on top of the first 
scheme using private insurance’s crop insurance contract. 

Unfortunately, the current subsidy schemes in Thailand have major 
challenges for theirs cost effectiveness of operating the program, as 
well as theirs unnecessarily fiscal burdens. The schemes also have a 
drawback in their implementation: a delay in the approval process for 
the insurance claim. 

 

T Adaptation Finance Fellowship 
Program (AFFP), a coordination 
of the Thailand Development 
Research Institute (TDRI), 
Frankfurt School of Finance and 
Management, and the Interna-
tional Development Research 
Centre (IDRC), supports and 
promotes exceptional individu-
als from developing and emerg-
ing countries who are active in 
climate adaptation finance, ei-
ther in the public or private sec-
tor or in academia. This inter-
disciplinary exchange contrib-
utes to building leadership in 
adaptation finance across sec-
tors for enhanced knowledge 
and sharing good practices in 
adaptation finance. 

https://tdri.or.th/en/affp-adap-
tation-finance/ 

 
 

 

 

 
1 In this paper, floods, droughts and severe storms are all mentioned with a single 
term, “disaster risk.”
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Figure 1a: Flood risk map of Thailand 

Source: Author’s calculation based on satellite data. 

 
Figure 1b: Drought risk map of Thailand 

Source: Author’s calculation based on satellite data. 

 

For the first challenge, the current subsidy 
schemes are not cost efficient, due to the fact 
that the insurance claim process, after the disas-
ter event has occurred, are very lengthy.   

The process involves many government parties 
from local district agricultural officer (paperwork 
submission, and verification process) to provin-
cial administrative committee (paperwork pro-
cessing, information gathering, and budget pro-
posal) and up to the national parliament (budget 
granting), depending on the size of the total 
damage compensation. The process also in-
volves government’s agricultural bank, private 
insurance company, as well as the Thai general 
insurance association. All of them supports the 
insurance claim process and approval process 
for the crop insurance scheme. 

Also, by insurance nature, the crop insurance 
tool is not a panacea to the climate volatility 
problem. The damage loss from the disaster 
does not go away by itself, but rather merely 
smooth out over a long period of time. For ex-
ample, the total damage of a car crash that hap-
pened once in 10 years would cost the insured 
driver at least 10 percent of the damage each 
year for the whole 10 year. The above rule has 
to be true, at least, on average. If not, the insur-
ance company will incur a loss in operation and 
cannot be in business in the long-run. 

The current subsidy schemes are fully funded by 
the government. It follows that the current sub-
sidy schemes have some unnecessarily fiscal bur-
dens: 1) they help some farmers who cannot sur-
vive by themselves to barely survive the disaster. 
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These farmers are economically supposed to do 
something else at the first place (i.e. climate vol-
atility will drive some farmers out of their busi-
nesses) and 2) they help some farmers who can 
take care of themselves against the disaster risk.  

Finally, the current schemes suffer a drawback in 
their implementation: a delay in the approval 
process for the insurance claim. This problem is 
quite well known as mentioned in, for example, 
the work of Chantarat (2016).5 In some cases, 
the delay could take up to more than a year to 
receive the payment in full. 

To address all the challenges of the current sub-
sidy schemes, this paper considers a new 
weather index-based insurance scheme (WIIS), a 
scheme that relies on satellite data to assess the 
actual damage area to make a compensation 
claim. By comparing the implementation cost for 
both the current schemes and the new proposed 
scheme, as well as, an in-depth analysis on the 
implementation design for the new scheme, this 
research analyzes whether it would be beneficial 
                                                       
5 https://www.pier.or.th/?post_type=abridged&p=2514 
(in Thai) 

to utilise the weather index-based insurance 
scheme to address the climate change risk for 
rice production in Thailand. 

This research applies three types of data to 
quantify the comparison. Secondary data is pri-
marily used to assess all the challenges for the 
current subsidy schemes. Satellite data is mainly 
used to assess the comparable cases for the WIIS 
and primary data, based on two field trips survey 
in the high-risk areas of flooding and drought in 
Thailand (Chai Nat province and Uthai Thani 
province), are employed to calibrate some miss-
ing parameters. 

There are many important findings for this pa-
pers: 

1) It shows that the current subsidy schemes 
are not cost effective. By comparing the  
implementation cost for the current subsidy 
schemes with the implementation cost for 
operating the WIIS system, the latter has, by 
far, less operation cost than the former. This 
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comparison does not take into account the 
fact that the cost for the current schemes co-
vers only the areas that were declared emer-
gency by the provincial administration, while 
the cost for the WIIS system covers all areas 
of the country. Taking into account this fact 
will put the current subsidy schemes even 
more cost ineffective in compared with the 
WIIS system. 

2)  This research finds that the average total un-
necessarily fiscal burden to support the dis-
aster risk in Thailand is on the scale of hun-
dreds of million dollars per year. The unnec-
essarily fiscal burden from drought is greater 
than flood. 

3)  The WIIS system can reduce the insurance 
claim procedure around 47-115 days which 
can be quantified as a total benefit to the 
farmers on the scale of millions of dollar per 
year. 

4)  As climate becomes more volatile, the bene-
fits of the WIIS system will be much greater 
than the old subsidy schemes.  

It should be noted that the WIIS system does 
have some drawbacks of its own as well. Based 
on the current best satellite technology, the cur-
rent system has some detection errors: it does 
not pay insurance compensation to some af-
fected farmers (type I error) as it cannot detect 
the damaged area in some cases. Also, the WIIS 
system, if uses it alone, will pay insurance com-
pensation to some unaffected farmers as well, 
i.e. it detects the unaffected areas as affected 
ones. 

For policy implication, the drawbacks of the WIIS 
system are quite significant at the moment. It is 
best to incorporate the WIIS system into the old 
schemes. As disaster occurs, the strength of us-
ing the satellite for the WIIS system can provide 
insurance compensation faster, while the 
lengthy process of the old schemes can pick up 
the remainders that are affected, but not de-
tected by the satellite. In the long run, as tech-
nology has improved its accuracy better and bet-
ter. The importance of the old schemes to Thai-
land’s climate risk management will be subsided 
and the WIIS system will gradually take over.  
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Introduction 

hailand’s agricultural insurance program has been established 
and operated by the Thai government since 1970. This program 
was continuously encouraged and financial supported. Never-

theless, there were a few numbers of farmers who participated in the 
program. Some of the obstacles were the lack of the risk management 
mechanism, supported information, and operational tool. For these 
reasons, insurance companies could not assess the risk of participants’ 
agricultural products. Then, the program’s figure did not gain any profit 
due to unproductive management. These issues led to the insufficient 
occasion for Thai’s farmers to reach the source of invested fund. It re-
duced the agricultural capacity’s expansion and the competition in the 
world’s market. These issues produced the vulnerability in every agri-
cultural level (i.e., the farmers themselves, families, the agricultural so-
cieties, and the growth of national economies). Furthermore, it conse-
quently resulted in the instability of the company’s balance as well as 
the financial institution that granted the loan to the agricultural seg-
ment.  

This project, Feasibility study on the mobile application and space tech-
nology to crop insurance system in Thailand, is necessary to the sus-
tainable development of Thai agriculture and economies. It integrates 
the agricultural data by linking the insurance data to the plantation site 
database and other essential information (i.e., remote sensing, 
weather, soil, water, and natural hazard). Furthermore, it incorporates 
the high technology and digital innovation together with the Internet 
of Things (IoT), the telecommunication network, and the mobile appli-
cation. These new technologies are applied to efficiently enhance the 
operation for instances, the speed of data processing, data accuracy, 
and accurate report. Both insurance providers and farmers can 
 

T 
Adaptation Finance Fellowship 
Program (AFFP), a coordination 
of the Thailand Development 
Research Institute (TDRI), 
Frankfurt School of Finance and 
Management, and the Interna-
tional Development Research 
Centre (IDRC), supports and 
promotes exceptional individu-
als from developing and emerg-
ing countries who are active in 
climate adaptation finance, ei-
ther in the public or private sec-
tor or in academia. This inter-
disciplinary exchange contrib-
utes to building leadership in 
adaptation finance across sec-
tors for enhanced knowledge 
and sharing good practices in 
adaptation finance. 

https://tdri.or.th/en/affp-adap-
tation-finance/ 
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accomplish the transactions (i.e., damage in-
forming, risk monitoring, and compensation 
claim) by accessing the services. All data and sta-
tistics are recorded into the vast database (Big 
data) for risk analyzing and assessment of each 
agricultural plot. Then, the insurance company 
can design the various types of the product ac-
cording to the Risk-based pricing by the acquired 
information from the database to serve the 
farmer’s demand. Besides, these supplements 
can use for agricultural supply forecasting and 
sustainable development. 

Objectives 

• To construct the extensive database (Big 
data) of the agricultural segment connecting 
the spatial data to agricultural and eco-
nomic data in both agricultural plot and na-
tional level. 

• To make use of a field-server platform for 
continuously collecting agricultural data and 
comparing the resulted phenology with data 
from satellite images  

• To develop the agricultural risk validation 
and helping Thai farmers to form credit scor-
ing. 

Methodology 

The methodology deals with satellite data utili-
zation and local observation using mobile appli-
cations. Rice Vegetation Index data is derived 
and extracted from remote-sensed images (the 
MODIS products). Then, the information is com-
puted to exhibit the rice crop condition, the rice 
crop cycle per year, the natural hazard risk area, 
and the alternative vegetation index algorithm. 
Vegetation index (VI) is associated with the rice 
crop condition to derive the variability from the 
average. It could lead to define the health of rice 
compared to the neutral stage and indicate the 
level of payout. The rice crop cycle is described 
by analyzing the principal component analysis to 

rotate the plot axis and derived distinct time-se-
ries information. It provides single, double, and 
2.5 crops of rice plantation in the given area (Fig-
ure 1). The rotated axis information can describe 
the characteristic of rice cultivation in different 
locations for water supply planning. VI also de-
livers natural hazard inferences by combining 
different wavelengths to generate related indi-
ces. Previous statistics reveal that drought and 
flood are the significant hazards that trigger the 
rice plantation almost every year. In this re-
search, 14-year information is combined to plot 
hazardous occurrences. The frequency and loca-
tion of drought and flood from the satellite im-
ages are used to identify the hazardous risk areas 
and their risk level. Results in Figure 2 exhibit the 
fluctuation of drought and flood occurrences 
from 2005 to 2018. The annual pattern of 

 
Figure 1 Time-series data associated with the PCA  

exhibit the difference of rice’s crop cycle 
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droughts has exhibited a consistent pattern, 
while the flood revealed oscillated pattern ac-
cording to variation in precipitation and water 
supply management. Yet the measurements us-
ing phenological signal are not accurate due to 
several reasons such as noise and lapse time of 
satellite picture. This study uses the excess green 
(ExG) information derived from handheld images 
or images taken from the agritronic stations to 
reduce such noise. 

Results 

Agricultural insurance program has been operat-
ing by the Thai government since 1970. How-
ever, there was less participation, which was 
from the lack of risk management, supporting in-
formation, and operational tools. This research 
aims to construct the database contained the 
rice phenology, crop cycle, and risk impacted by 
drought and flood to benefit the agricultural 
crop insurance program. The vegetation index 
(VI) acquired from remotely sensed information 
incorporates with statistical approaches was 
used to construct the rice phenology, rice crop 
cycle, and rice risk impacted area by drought and 
flood. An alternative rice phenological approach 
was also proposed using the computed-green 
wavelength to enhance the retrieved signal. 

Analytical results revealed the rice phenology in 
a present year compared to average could insin-
uate the farm condition. The construction of the 
crop cycle categorized the rice plantation to sin-
gle, double, and 2.5 crops per year.  

Using the 2005-2018 satellite images, the results 
shows that about 10.8% of rice areas (i.e., the 
Moon river basin in the Lower Northeast and 
one area in the Lower North) have very high risks 
(in term of frequencies of flood and drought 
events in the same area), 16.1% of area with high 
risk, 25.2% with moderate risks, and nearly 50% 
with low degree of risks (Figure 3). Yet the meas-
urements using phenological signal are not accu-
rate due to several reasons such as noise and 
lapse time of satellite images. The proposed ex-
cess green (ExG) derived from handheld images 
or images taken from the agritronic stations can 
reduce the carried noise in the phenological sig-
nal. These findings could be very useful and sup-
port the agricultural crop insurance program 
with accurate and timely information, reduce a 
need for the time-consuming field observation 
and appraisal process, and thus enhance the 
cost-effectiveness of insurance administration.  

 
Figure 2 YoY drought and flood-impacted area statistics of rice cultivation in Thailand 
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Figure 3 The total hazardous risk map of rice  

planting in Thailand  
 

However, the photos from cameras only pro-
vides information at a specific local farm level. 
Since the current construction of ExG acquires 
the RGB band’s information from only 40 
agritronic stations, the information is still too 
limited for a practical use in insurance. This is be-
cause the number of agritronic stations in Thai-
land is not only too small, but their locations are 
also distributed across the country for a purpose 
of collecting information for all major crops. 
Therefore, the information is still too limited to 
be used for weather indexed-based insurance 
for rice farmers. To be of practical use, more in-
vestment is required.   

Policy Implications 

The use of remote sensing in combination with 
IoT and Mobile application is more effective be-
cause each technology has its pros and cons. The 
remote sensing satellite’ sensor captures a wide 
image and covers a large area, with consistent 
repeat cycles. Thus, the insurance premiums can 
be projected and calculated. However, it is not 
possible to enforce insurance claim in the event 
of a sudden or unexpected disaster such as 
floods which requires recurring images to be 
used as evidence for insurance claims.  

Therefore, the combination of higher resolution 
satellite images (as high as 30 meters) with other 
technology which include mobile app, IoT, and 
drone should be used to enhance the effective-
ness and timeliness of crop insurance. The data 
collection using mobile app has higher quality 
than the one collected by remote sensing. The 
development cost in mobile app is low. How-
ever, there should be a standard for data/image 
collection, farm-level information. The major 
drawback is the inability to reach the damaged 
farm plots in the event of flood. as well as the 
farmer’s self-discipline. Therefore, drones may 
be used to monitor crop growth due to its larger 
coverage area than mobile phone. Drone price is 
still high compared to mobile phone and re-
quires a license and safety insurance. IoT system 
can also be used to monitor crop yield.  The dis-
tribution of IoT systems should be distributed 
throughout the country, particularly on high risk 
areas. Since the IoT devices is usually installed 
outdoor, it should be protected from humidity, 
insects, and have good accessibility to communi-
cation signals. Investment in the IoT system 
should be a joint investment between the gov-
ernment, insurance companies and insured 
farmers. 
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1. Abstract  

he goal of this research is to understand patterns and dynamics 
of demand for agricultural insurance as well as the potential wel-
fare impacts of adopting insurance on rice farmers. We use dy-

namic game experiment designed to simulate key decision making of 
Thai rice farmers and to test effectiveness of various interventions de-
signed to enhance demand. The game has been played with 480 strat-
ified sampled rice farmers in three key growing areas in the Central and 
North Eastern parts of the country. We analyze insurance demand and 
impacts through farmers’ game play behavior. 

2. Introduction 

Agricultural insurance is important financial instrument for the farm-
ers. Every year, one in five of Thai farmers face extreme climate events, 
especially floods and droughts, which have increasingly been aggravat-
ing with the effect of climate change. Insurance is one of climate fi-
nancing strategy that can synergize financial investment from both 
public and private sectors to reduce the pace of climate change as well 
as to reduce vulnerability of people, society and environment impacted 
by climate change. But to date, most of agricultural insurance programs 
are largely unsustainable especially those in developing countries, in-
cluding Thailand. 

Thailand has been experimenting with various agricultural insurance 
since 1980s; most of them failed due to severe losses. The main one  
still available is the nationwide rice insurance program established in 
2011. The program is designed to compensate insure when disaster 
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strikes by using loss verification process used in 
government’s disaster relief program. Insured 
farmer, whose farm locates in announced disas-
ter zone, is eligible to request local authority to 
go and inspect their farm for payout, which is 
about 25% of production cost per rai. The pro-
gram is currently fully subsidized by the govern-
ment for loaners of BAAC and 60% subsidized for 
non-loaners. 

With the current design, Thailand’s rice insur-
ance program faces several challenges, all of 
which create threat to program sustainability. 
Supply-side problems include 1) the inefficiency 
created from reliance on authority’s farm in-
spection which could be slow and more im-
portantly less transparent, 2) reliance on an-
nounced disaster zone for claim process, and  
3) the lack of risk information data at 
farm/farmer level. All of which result in high pro-
gram costs, reduced incentives for insurers to of-
fer products and more importantly reduced 
value of insurance to farmers. Moreover, the 
current product design that covers only 25% of 
input cost could further reduce value to cus-
tomer. 

From demand side, the current demand is very 
low perhaps due to 1) disincentive created by 
the co-existence of this program with govern-
ment disaster relief program that everyone is al-
ready eligible for and 2) the low value to cus-
tomer resulted from various problems men-
tioned earlier. Leaving all these problems aside, 
demand for insurance could still be low due to 
farmer’s liquidity constraints, literacy and more 
importantly behavioral biases that also plagued 

in various everyday live decisions. Among the 
key behavioral factors are trust, self-control, 
present bias and cognitive bias, e.g., optimism. 

3. Research questions 

- What are key patterns of insurance de-
mand, what product design (coverage, loss 
verification process comparing between 
current government loss verification and 
satellite based loss verification) do farmers 
demand and how these vary across time, 
farmers and areas? 

- What interventions (e.g., nudging instru-
ments, policy environments) are effective 
in stimulating farmers’ demand? 

- What are potential impacts of agricultural 
insurance on consumption dynamics, 
wealth accumulation and productive liveli-
hood investment? 

4. Methodology 

Sampling strategy: We randomly select 8 tam-
bons (4 high risk and 4 low risk) in each of the 
three key rice growing zones in the Central and 
Northeast. In each tambon, we then randomly 
select 20 farmers using farmer registration 2019 
as sampling frame and stratified by 1) whether 
he/she is BAAC customer and 2) land size (<15, 
>15 rais). Altogether, our research covers 480 
farmers in 24 tambons. One session of game ex-
periment is played in each tambon. 
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Figure 1: Sample selection 

 

Game experiment: we design a board game that 
mimics rice farmers’ agricultural decisions. To 
stimulate farmers to play as if they really make 
decision in real life, financial rewards are given 
to the 3 winners based on cumulative wealth at 
the end. Figure 2 represents our board game 
outlining 7 steps in each round of game play with 
the following components: 

- Farmer’s initial wealth: Three land sizes 
(5, 10, 15 rais) are randomly assigned 
across farmers to test the potential wealth 
effect on demand for insurance.  

- Three key decision making include 1) pro-
duction (choosing between low risk low re-
turn seed vs. high risk high return seed),  
2) borrowing to plant, 3) buying insurance 
and 4) consumption.  

- Three types of uncertainty drawn in each 
round of the game include: 1) occurrence 
and severity of disaster simulated from ac-
tual disaster distribution, 2) uncertainty 
associated with government’s loss verifica-
tion which could affect effectiveness of 
government’s disaster relief as well as the 
effectiveness of insurance program that 
use government loss verification for claim 
and 3) uncertainty associated with satellite 
technology in loss verification which could 
affect effectiveness of satellite-based in-
surance program.  

- Three welfare outcomes of the game in-
clude 1) consumption smoothing patterns, 
2) net worth (asset-debt) and 3) produc-
tion choice whether a farmer adopts more 
productive high risk high return seed. 
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Figure 2: Board game 

 

Randomized treatments and theoretical hy-
potheses: There are two types of testing treat-
ments in the game randomized across farmers, 
groups and sessions as in Figure 3. The first set 
of treatments relate to economic environments 
including 

- Intensity of government assistance: In 
each session, farmers are randomly as-
signed into 2 groups with different inten-
sity of government assistance: (1) govern-
ment relief only and (2) relief and one free 
insurance. Theoretically, the higher level 
of government assistance could lower 
farmer’s uninsurable risk and so reduce 
demand for insurance. This however de-
pends on the effectiveness of govern-
ment’s assistance, which is our next treat-
ment. 

- Uncertainty of government’s loss verifica-
tion: In each session, farmers are randomly 
assigned into two different provinces with 
low (50%) and high (80%) level of probabil-
ity of announcing a disaster zone when  
 

disaster actually strikes. Theoretically, the 
area with lower probability of announcing 
a disaster zone would reflect lower insur-
ance coverage and so result in lower de-
mand. 

- Social learning: Half of the sessions are al-
lowed to have active information sharing 
and stimulating discussion on game deci-
sions, where farmers can adjust their deci-
sion accordingly. Theoretically, social 
learning could promote learning and diffu-
sion of insurance, technology and produc-
tive investment. 

- Cost of default: In half of the session, we 
build in cost of not repaying loan in each 
period with a token that will penalize final 
wealth at the end of the game. Theoreti-
cally, the higher cost of default could make 
farmers more cautious about borrowing 
and planting and so on the one hand, 
he/she could demand protection from 
more insurance. This has been found em-
pirically in Malawi. 
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The second set of treatments are instruments to 
stimulate/nudge farmer to buy more insurance 
known to be working worldwide including 

- Discount coupons with 5 levels including 
0%, 20%, 30%, 40%, 50% are randomly as-
signed to farmers each round. This instru-
ment offers financial incentives to relieve 
liquidity constraint as well as overcome all 
behavioral biases underpinning demand. 

- Option to buy insurance on cheap credit is 
randomized across farmers in each round 
to relax liquidity constraint and perhaps 
overcome present bias. 

- Bundling loan with insurance is offered to 
all farmers in some of the rounds allowing 
farmers to buy insurance at cheaper rate 
when combined with seed loan. Bundling 
is an instrument aimed to offer financial in-
centive to overcome all behavioral biases.  

- Video-base technology introduction which 
could help in technology learning and adop-
tion is randomly assigned across farmers to 
introduce satellite-based insurance. 

Game dynamics: Dynamic of decisions and out-
comes can observe from this game, where 
famers will repeatedly play for 13 rounds: 1-3 
(game introduction with no insurance sale), 4-7 
(insurance sale), 8-10 (insurance sale with bun-
dling option), 11-13 (insurance sale with satel-
lite-based insurance option).   

Detailed household survey is then fielded on 
each and every farmer following the game play. 
The survey covers detail on demography, agricul-
tural practice, income and expenditure, assets, 
financial behaviors (saving, credit and insur-
ance), financial attitude and behavioral biases. 
These information would then be used to under-
stand determinants of demand patterns. 

5. Findings 

Patterns of insurance demand 

- Insurance demand is generally low espe-
cially in the areas with high uncertainty of 
government’s loss verification. About 
24.54% of farmers buy insurance without 
any treatment. Demand is significantly 
lower among farmers with larger farm size 
in the game. And on average, demand is 
significantly higher among male, organic 
farmers and BAAC customers. 

- Price elasticity of demand varies signifi-
cantly across groups with large demand re-
sponse to small price change among those 
who tend to have some demand constraint 
at the beginning, i.e., farmers with small 
farm sizes, older farmers, farmers living in 
high risk areas and farmers who currently 
rent land. This suggests that target subsidi-
zation (with some condition) could work in 
stimulating insurance demand. 

 

 

 

 

 

 
Figure 3: Randomization of treatments 
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Figure 4: Price elasticity of demand for insurance by group 

 
- Varying patterns of preference for insur-

ance coverage. On average, we found that 
farmers buy insurance to cover about 50% 
of input cost. But there are two clear 
modes of demand: one demand for lower 
coverage and another for larger coverage, 
e.g., 100% of input costs and some with 
significant level of income coverage. 

- Various demand dynamics with 45.10% 
(34.60%) of farmers increasing demand 
following successful (unsuccessful) loss 
claim reflecting learning effect, and 
22.13% reducing demand following a big 
disaster reflecting the update of loss ex-
pectation. 

Return to demand treatments 

- Quality of insurance product reflected in 
this game through low level of uncertainty 
of government’s loss verification when dis-
aster strikes appear to be the most im-
portant stimulating factor of insurance de-
mand.  

- Disincentive effect from high intensity of 
effective government assistance is the sec-
ond most important demand treatment. 

- Bundling insurance with production loan 
and social learning appears highly effective 
as an instrument to stimulate demand es-
pecially among the loaners.  

- Satellite-based loss verification process 
could significantly enhance demand. We 
found that satellite-based loss verification 
could induce 99.79% of existing buyers to 
switch and increase insurance coverage (% 
input cost) by 33%. 

Potential welfare impact of agricultural  
insurance:  

- We found significant welfare impacts of 
agricultural insurance. An extra unit of in-
surance is associated with 8,814 baht in-
crease in networth, 0.01% reduction in 
probability of decreasing consumption and 
21.5% increase in probability of adopting 
productive, high risk/high return livelihood. 
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Figure 5: Return to demand treatments 

 

6. Policy recommendations 

- To boost demand for agricultural insurance 
in Thailand, the first focus should be on im-
proving quality especially related to loss 
verification. Satellite-based loss verifica-
tion is proven to be acceptable among 
farmers, supporting the on-going collabo-
rative research program led by Puey 
Ungpakorn Institute for Economic Re-
search (PIER) in collaboration with the 
Ministry of Agriculture and Agricultural Co-
operatives, Bank of Agriculture and Agri-
cultural Cooperatives, Thai General Insur-
ance Association and other key stakehold-
ers. The program plans to launch its satel-
lite-based loss verification in complimen-
tary with the current rice insurance pro-
gram nationwide in this main rice season 
2563. 

- Rethinking the role of government in sup-
porting sustainable agricultural insurance 
market appears to be on top priority. The 
key research question is how to utilize sup-
port to crowd in (rather than crowd out) 

farmer’s insurance demand and more im-
portantly efforts to do climate change ad-
aptation. International experiences show 
that government should just act as insurer 
of last report – layering disaster risk and 
targeting government support to tail risk, 
where market tends to fail – could poten-
tially reduce demand disincentives. Tar-
geted subsidize insurance premium to 
some sensitive groups could have large 
bang for the buck. But in any case, support 
should be conditional on some farmer’s 
observable efforts to adapt and self insure.  

- The current collaborative project and 
other researchers worldwide currently ex-
plore how to use technology to make cli-
mate change adaptation and self insurance 
efforts more observable and rewarding to 
farmers – hence increasing incentive to 
farmers to do so. The use of satellite-based 
loss verification that can detect plot level  
loss and risk could already allow for risk-
based insurance pricing and hence auto-
matically rewarding those who could re-
duce risk through various actions. This 
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could resolve the long-standing challenge, 
where many agricultural insurance could 
by itself reduce climate adaptation effort. 

- Bundling insurance with production loans 
appear as a good strategy to boost de-
mand and increasing scale of insurance 
coverage (hence further reduce premium 
costs) especially in the country like Thai-
land where majority of farmers borrow 
working capital loan for production. This 
strategy is also proven to work worldwide. 

- Varying levels of insurance coverage de-
manded by farmers imply that to meet 
farmer’s risk management need, insurance 
design should not be one-size-fit-all. Many 

countries offer a menu of insurance cover-
ages with different premium levels to suit 
farmers’ need. The current research pro-
gram is also currently explore optimal in-
surance menu to Thai farmers. 

- Finally, the observe cyclical patterns of in-
surance demand is a problem quite spe-
cific to agricultural insurance market, 
where 1) advanced climate forecasts could 
give farmers prior information before pur-
chasing and 2) insurance appears with 
short term. Forecast adjusted insurance 
pricing as well as instruments to nudge 
farmers to stay insured for longer term ap-
pear important. 
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Introduction 

Historically, floods have been the most common natural disaster in 
South Africa (Zuma et al., 2012). Climate change is expected to make 
flooding events more common and intense in the region. The socio-
economic impacts of flooding events have been particularly severe in 
the Western Cape of South Africa (Abiodum et al., 2015) with costs es-
timated to be US $ 66.0 million annually for municipalities (WRI, 2017). 
Cities and local municipalities in developing countries seldom possess 
the financial resources to manage the costs of floods. Traditionally, 
South African municipalities have relied on financial transfers from na-
tional government and their own budgets to manage the costs from 
floods; however, increasing costs in the future may make this unrealis-
tic.  

There is a growing demand for insurance products by municipalities as 
these products can assist municipalities in reducing their financial risk 
and exposure in response to floods. Risk pooling is a type of insurance 
scheme that can be used for this purpose. Despite providing risk pool-
ing participants with funds when a disaster occurs, the payout process 
can be time-consuming and slow. As is the case with internal municipal 
budgets and payouts from risk pools, finance received after a disaster 
is mostly used for critical infrastructure reconstruction (e.g. road, 
bridge and ICT rebuild), payment of salaries, and debt management of 
the municipality. Therefore, there is often less financial assistance 
available for low-income individuals severely affected by flooding 
events.  

To ensure that vulnerable communities are considered, an additional 
microinsurance scheme could be integrated within risk pools. Micro in-
surance is similar to traditional insurance; however, the products are  
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targeted at low-income individuals who have 
less savings. Therefore, premium costs are usu-
ally lower, and coverage is provided for basic as-
sets. Despite lower costs of microinsurance pre-
miums, costs may still be too exorbitant for 
poorer individuals. A joint scheme may allow for 
risk pooling premiums paid by the municipality 
to subsidize the cost of microinsurance premi-
ums. However, this may also place a burden on 
the solvency of the risk pool. 

Research Aims and Objectives 

The primary aim of this research was to outline 
how microinsurance could be used within risk 
pool structures to extend coverage to the most 
vulnerable individuals affected by flooding 
events in the Western Cape, South Africa. 

The specific objectives assessed include:  

(1) To determine whether there is a need for 
risk pooling to possess microinsurance 
schemes.  

(2) To evaluate how vulnerable groups sup-
port themselves financially, post-disaster.  

(3) To determine how the functionality of a 
risk pool is changed when complementary 
microinsurance schemes are implemented 
that is an understanding of how the sol-
vency and financial stability of the risk pool 
changes if a microinsurance scheme is in-
cluded. 

Methodology 

A mixed methods approach was used for the re-
search conducted. Surveys in floodprone com-
munities, interviews with key disaster risk man-
agers in the Western Cape Government as well 
as a stakeholder engagement workshop were 
undertaken to determine the extent to which a 
microinsurance and risk pooling facility would be 
filling a distinct financing gap. A questionnaire 

survey was also disseminated to the residents of 
the Powertown community in the Western Cape, 
South Africa, to understand the resilience initia-
tives used by individuals to cope with flooding 
events and the ways in which these initiatives 
are financed. Lastly, a quantitative model was 
developed to determine: (a) whether a risk pool 
facility would stay financial stable in the long 
term while subsidizing microinsurance premi-
ums (b) the percentage of risk pool premiums 
that would be needed to maintain solvency, and 
(c) the initial pool capitalization needed to main-
tain stability in the long term. 

Results 

The most critical factor that determines the sol-
vency estimations and premium costs in the long 
term is the future costs of flooding events. Under 
the high climate change scenario (RCP 8.5), with-
out increases in the cost of insurance, future 
flood costs result in the risk pool being insolvent  
 
in 2042 where losses exceed risk pool reserves. 
Under a medium climate change scenario (RCP 
4.5), this extends to 2054. If up-pricing of insur-
ance premiums also include an increase for “cli-
mate risk” then the solvency of the risk pool may 
be maintained for an additional 6 years. It is ex-
pected that the higher economic growth in com-
bination with a medium climate change scenario 
would allow for the risk pool to be stable for the 
longest – in reality, this is perhaps the most un-
likely scenario.  According to the premium anal-
ysis, depending on the climate scenario, premi-
ums will be 5-10% more expensive on average. 
Therefore, in a developing country context, a risk 
pool would not viable in the long term without 
donor support. 

Based on the survey conducted with individuals 
in flood risk prone communities and disaster  
risk managers and officials at the stakeholder  
engagement, the development of a risk pool was 
addressing a distinct financing gap and was 
needed in comparison to other disaster risk  
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Figure 1: (a) Financial sources of resilience finance used post-disaster; and,  
(b) recovery timelines for individuals affected by flooding after relief aid has been delivered 

 

financing strategies. Key stakeholders including 
vulnerable communities were critical to ensure 
that theoretical aspects of risk pools were reflec-
tive of reality. Some of the key findings demon-
strate the government is still responsible for the 
payment of damages which makes a self-insur-
ance risk pool viable (Figure 1 (a)). Furthermore, 
46% of individuals have not recovered from fi-
nancial losses incurred 24 months after a disas-
ter (Figure 1(b)).  

From the modelling undertaken, 3–6% of the risk 
pooling premiums allocated to microinsurance 
premium subsidization will ensure that stability 
of the risk pool is maintained under a moderate 
climate change scenario. There is uncertainty in 
the modelling process owing to the difficulty in 
projecting future costs of flooding events in the 
Western Cape. In conclusion, microinsurance 
and risk pools may be viable in the same adapta-
tion finance framework should there be suffi-
cient initial capitalization; future climate change 
is moderate; and, donor support is garnered for 
premiums.  

Policy Implications 

There are several policy implications and recom-
mendations that were identified from the  
research conducted with the findings being es-
pecially useful to public entities interested in de-
veloping risk pooling facilities, insurance and re-
insurance companies and disaster risk practi-
tioners: 

1) Poorer communities are less financially buff-
ered to the impacts of floods. Therefore, in-
surance targeted at low-income individuals is 
necessary to extend coverage to the most 
vulnerable;   

2) Microinsurance products can be integrated 
into risk pooling schemes, however a high de-
gree of subsidization is required, particularly 
in the developing country context. Total sub-
sidization may be necessary in a South Afri-
can context as most vulnerable communities 
have no financial resources to pay for micro-
insurance premiums; 
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3) Microinsurance contract holders must be 
spatially independent across risk pooling mu-
nicipalities. If a flood occurs in a risk pooling 
municipality where all microinsurance policy 
holders are based, multiple policies would be 
triggered at the same time. This could impact 
the solvency of the risk pool resulting the fi-
nancial reserves being eroded; and 

4) Risk pools and microinsurance products will 
not be viable indefinitely into the future as 
the risk pool will not be financially stable 
when flooding events become too frequent 
and costly. Therefore, these products need 
to be adopted with proactive climate adapta-
tion and risk reduction.  
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1. Introduction 

mallholders have relied on traditional weather indicators for dec-
ades as guides in agricultural plans and decision-making pro-
cesses. Unfortunately, they are disproportionately affected by in-

creasing weather unpredictability and extreme weather events due to 
dependence on rain-fed agriculture and poor weather tracking infra-
structure. Uncertainties in weather parameters have thus rendered 
farmers’ knowledge outdated in perspective of meeting the challenges 
of unpredictable rainfall patterns, length of growing periods, tempera-
tures, etc. (IFAD, 2011). There is the difficulty in making accurate deci-
sion plans due to their failures to accurately predict and prepared for 
uncertainties (Nwanze and Fan, 2016; IPCC, 2007).  

Access and use of weather information are of tremendous significance 
in agricultural-climate risk management decision-making literature 
(Kiem and Verdon-Kidd, 2011; IPCC, 2012). The introduction of im-
proved weather information and tracking infrastructure in climate ser-
vices as a risk management strategy for early warnings has become one 
of the national implementation strategies of the Nigerian Meteorolog-
ical Agency (NiMet) as stated in the National Agricultural Resilience 
Framework in 2014, and the Nationally Determined Contributions 
(NDC) since 2015 under the Nigeria Climate Change Policy Response 
and Strategy (NCCPRS). Nigeria plans to strengthen its financing of 
agro-weather services as important safety nets especially data genera-
tion, processing and communication of real time early warning climate 
services which might enhance farmers’ adaptation decisions in Nige-
rian food crop sector (International Fund for Agricultural Development 
[IFAD], 2016). 
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The study analysed major drivers of farmers’ de-
cisions to manage dry spells shocks with im-
proved weather information, and quantify the 
causal effect of weather information on farmers’ 
output and income in the middle savannah belt 
of Nigeria. This paper provides a firsthand empir-
ical evidence of the effect of weather infor-
mation on farmers’ welfare outcomes in Nigeria. 

2. Conceptual framework 

Endogenous Switching Regression (ESR) model 
was estimated to capture effect of weather in-
formation on farmers’ outputs and incomes in 
enhancing their preparedness and decision-mak-
ing against droughts. Non-experimental obser-
vations for impact analysis between treatment 
and control groups are crucial because of the 
counterfactuals requirements in conducting im-
pact measurement. It is difficult to observe the 
welfare measured in farmers’ crop output and 
income, as outcome for those farmers who used 
weather information had they not had used it is 
not given (or the converse). In experimental 
studies, it is addressed by randomly assigning 
participants to treatment and control status, 
which assures that the outcome observed on the 
control farmers that use weather information 
are statistically representative of what would 
have occurred without being used. Weather in-
formation is not randomly distributed to the two 
groups of the farmers (users and non-users), ra-
ther farmers themselves take decisions to use it 
or not, based on available information to them. 

The decision to use weather information or not 
is voluntary and may be based on individual self-
selection. From an econometric standpoint, esti-
mating the effect of using weather information 
poses at least two challenges: unobserved heter-
ogeneity and possible endogeneity. Farmers 
which used weather information may have sys-
tematically different characteristics from the 
farmers that did not, and may have decided to 
use it based on expected benefits. Unobservable 
characteristics of a farmer and their farm may  

affect both the user’s decision and the welfare 
outcomes, resulting in inconsistent estimates of 
the effect of using weather information on farm-
ers’ welfare measured in crop output and in-
come. For example, if only most educated or mo-
tivated farmers choose to use weather infor-
mation and we fail to control for education, then 
there is an upward bias. The solution is to explic-
itly account for such endogeneity using simulta-
neous equation models (Hausman, 1978).  

The other econometric issue is that even if the 
endogeneity is being corrected, it may be inap-
propriate to use a pooled sample of users and 
non-users, that is, a dummy regression model 
wherein a binary indicator is used to assess the 
effect of using weather information on farmers’ 
outcome variables. Failure not to distinguish be-
tween the casual effect of using weather infor-
mation and the effect of unobserved heteroge-
neity could lead to misleading policy implica-
tions. The econometric problem will thus involve 
both endogeneity (Hausman, 1978) and sample 
selection (Heckman, 1979). Previous empirical 
studies motivate an Endogenous Switching Re-
gression (ESR) model which accounts for both 
endogeneity and sample selection and allows in-
teractions between application and other covari-
ates in the welfare outcomes (output and in-
come) outcome functions (Thampanishvong et 
al. (2018); Wondimagegn and Tirivayi (2016); Di 
Falco et al., (2011); Lokshin and Sajaia (2011); 
Lokshin and Glinskaya (2009); Alene and Man-
yong (2007); Miranda and Rabe-Hesketh (2006) 
and Freeman et al. (2001).  

However, there is no empirical study which has 
analysed effect of weather information as 
weather risk management strategy in facilitating 
farmers’ adaptation decisions using this econo-
metric approach in Nigeria. This study therefore 
contributes to fill in the existing literature and 
methodological gap. This study therefore at-
tempted analysing endogeneity of the farmers’ 
users decision (that is, for the heterogeneity in 
the decision to use weather information or not 
as a weather risk management strategy and for 
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unobservable farmers and farm characteristics) 
by estimating a simultaneous equations model 
with Endogenous Switching Regression (ESR) 
model. 

2.1 Theoretical frameworks and method 

Given that matching strategies only control for 
heterogeneity effects due to observable covari-
ates, hence to account for endogeneity bias and 
effects of unobservable covariates, this study 
used Endogenous Switching Regression (ESR) 
model approach. Following Loksin and Sajaia 
(2004), the study specified the model for using 
weather information to comprise the selection 
equation or the criterion function and two con-
tinuous regressions that describes the behaviour 
of the farmer as he faces the two regimes of us-
ing weather information or not. To model adap-
tation decision and its impact on farmers’ output 
and income, two-stage framework was applied 
following Di Falco et al. (2011). In the first stage, 
a selection model for decision to use weather in-
formation: a farmer chooses to use if the 
weather information strategy generates net 
benefits. The selection equation was defined to 
include the unobservable variable for using 
weather information, observable counterpart 
which is the dependent variable (used weather 
information) which equals one, if the farmer had 
used it, and zero otherwise. Non-stochastic vec-
tors of observed farm and non-farm characteris-
tics determining use level and random disturb-
ances associated with the use of weather infor-
mation were modelled. 

The model considered here describes the behav-
iour of a farmer i  that faces a decision on 
whether or not to use weather information. A 
farmer will choose to use weather information if 
benefits is higher than not using it and will 
choose not to if otherwise. This leads to two  
possible situations: a decision to use ( 1)iZ  and 
not to use ( 0)iZ  , and two population units: 
Users and non-Users. The criterion function, de-
termines which regime the farmer will face. Un-
der a random utility framework, a rational 

farmer will choose to use weather information  
if the net benefit is positive, i.e. 

1 0 1 0or 0I I I I   . The net benefit 
*

1 0( )iI I I   is represented by a latent variable 
which is itself a function of observed character-
istics iZ  and error term  i . In the endogenous 
switching model, the behaviour of a farmer is de-
scribed with two outcome equations and a selec-
tion function that determines which regime the 
farmer faces (Lokshin and Sajaia, 2004, 2011).  

The Endogenous Switching Regression (ESR) 
model was estimated using the full information 
maximum likelihood estimation (Clougherty and 
Duso, 2015; Lokshin and Sajaia, 2004). The Full 
Information Maximum Likelihood (FIML) esti-
mates of the parameters of the endogenous 
switching regression model were obtained using 
STATA 15 command movestay proposed by 
Lokshin and Sajaia (2004). 

3. Methodology 

3.1 Study area, sampling techniques and 
data collection 

The study was carried out in Kwara State located 
in 8.5°N 4.54°E of the middle savannah belt of 
Nigeria. The middle-belt is the most extensive 
Agro-Ecological Zone (AEZ) covering about 
32,500 sq. km with the capacity to produce all 
major food crops grown in Nigeria (Sowunmi and 
Akintola, 2010). Respondents were selected 
from the IITA maize hybrids project in Kwara 
State supported by the Drought Tolerant Maize 
for Africa (DTMA) and implemented by Interna-
tional Maize Improvement Center (CIMMYT) 
(IITA, 2013). Farmers with real time and location-
specific improved weather information was pro-
vided by the Field Officers of the Nigerian Mete-
orological Agency (NiMet). Respondents were 
sampled in a multi-stage sampling technique 
from Agricultural Zones A and D firstly selected 
purposively based on their inclusion in the IITA-
supported drought tolerant maize hybrids pro-
ject stated in the Kwara State Agricultural  
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Development Project annual report. Secondly, 
Baruten and Kaiama LGAs (with weather station) 
from Zone A and Igbaja-Asa (with weather sta-
tion) and Ifelodun LGAs from Zone D were also 
purposively selected given there similar ecologi-
cal characteristics and satisfied level of participa-
tion in the maize project. Farming communities 
with high records of participants were purpos-
ively sampled from each Local Government Area 
as informed by the States’ ADP. In the Sudan Sa-
vannah, agricultural Zone A which comprises Ile-
sha Baruba and Okuta farm villages were se-
lected in Baruten LGA (without weather station) 
while Gwari, Tunga Aboki, Venra and Kaiama 
communties were selected from Kaiama LGA 
(with weather station). In the Guinea Savannah, 
agricultural Zone D which comprises Otte, 
Omupo, Gan Ogbe, Amoyo farm villages were se-
lected in Ifelodun LGA (without weather station), 
while Boriya, Shiya, Eyenkorin and Igbaja se-
lected from Igbasa-Asa LGA (with weather sta-
tion). In a random sampling of 10 to 15 farmers, 
on the basis of probability proportionate to size, 
a total of three hundred and thirteen (313) re-
spondents were selected for the study.  

3.2 Endogenous Switching Regression 
Model: Conditional expectations, treatment 
and heterogeneity effects 

After estimating the model’s parameters, endog-
enous switching regression model was used to 
compare the expected maize income per hec-
tare, maize income per capita, maize output per 
capita  and maize output per hectare of the 
farmers that used weather information (a), with 
respect to farmers that did not use weather in-
formation (b), and to investigate these expected 
outcome variables in the counterfactual hypo-
thetical cases, hence that the user farmers did 
not use it (c), and that the non-user farmers use 
it (d).  The conditional expectations were used to 

compare various expected outcome variables of 
the farmers in the four cases. Cases (a) and (b) 
represent the actual expectations observed in 
the sample while cases (c) and (d) represent the 
counterfactual expected outcomes. The effect of 
the treatment on the treated (TT) (effect of 
weather information on the users) is the differ-
ence between (a) and (c) while the effect of the 
treatment on the untreated (TU) for the farmers 
that actually did not use weather information is 
the difference between (d) and (b). The different 
cases of conditional expectations for the out-
come variables, both the actual expectations 
and the counterfactual expected outcomes. 

4. Results and discussions 

4.1 Determinants of farmers’ decision on 
the use of weather information 

The first stage probit results of the FIML esti-
mated endogenous switching regression on the 
determinants of farmers’ decision in using 
weather information are presented in Table 1 
with similar results in Table 2. The statistical sig-
nificance and sign of the estimated coeffi-cients 
of the determinants of use of weather infor-
mation are broadly consistent with literature 
(Gunda, 2017; Alston, 2013; IPCC, 2012; Kiem 
and Verdon-Kidd, 2011 and Madzwamuse, 
2010). The selection equation displayed in col-
umn (1) suggest that the farmers’ use of weather 
information. The probability of using weather in-
formation significantly increases with education, 
increased farmers’ group membership, increas-
ing market linkages, large farm size cultivated, 
and better access to weather information, how-
ever, social capital and perceived erratic rainfall 
changes significantly reduces farmers’ likelihood 
to use weather information in the savannah mid-
dle belt. 
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Table 1.  Endogenous Switching Regression estimation for continuous outcomes 
 [1] [2] [3] [4] [5] 
Model  Endogenous Switching Regression 
 
 
Dependent variable 

Decision to Use 
Weather Infor-

mation 
(yes=1;0 if oth-

erwise) 

Regime 1
Used = 1 

Regime 2
Not Used = 0 

Regime 1 
Used = 1 

Regime 2
Not Used = 0 

Output per 
capita 

Output per 
capita 

Income per 
capita 

Income per cap-
ita 

 Explanatory  variables 
 Personal Characteristics  
Sex 0.104 

(0.258) 
1804.24*
(1358.34) 

-216
(233.68) 

140731.30* 
(105950.70) 

-16880.68
(18227.15) 

Age  -0.003 
(0.006)  

 0.144
(35.28) 

10.66*
(18.88) 

11.22 
(2751.97) 

831.84*
(462.85) 

Level of Education 0.115**
(0.017) 

13.38
(87.48) 

40.484**
(18.887) 

1044.07 
(6823.97) 

3157.78**
(1473.23) 

Farmers Group 0.323*
(0.191) 

-1031.47
(998.61) 

-110.46
(171.66) 

-80454.90 
(77892.08) 

-8615.67
(13389.81) 

Social Capital -0.021**
(0.010) 

-37.10
(54.78) 

1.492
(6.61) 

-2893.54 
(4273.53) 

116.39
(515.61) 

Market Linkage 0.562*** 
(0.200) 

1369.05*
(1058.56) 

-154.67
(186.12) 

106785.70* 
(82568.10) 

-12064.23
(14517.66) 

 Farm Characteristics  
Farm Size 0.045*** 

(0.016) 
869.38***
(52.80) 

518.53***
(19.615) 

67811.94*** 
(4118.39) 

40445.94***
(1530.01) 

 Institutional Variables   
Access to Informal 
loan  

-0.131
(0.185) 

674.03
(945.50) 

132.54
(170.90) 

52574.44 
(73749.77) 

10338.36
(13330.43) 

Access to Agric. Exten-
sion   

-0.185
(0.182) 

-243.71
(947.90) 

41.899
(157.09) 

-19009.23 
(73936.15) 

3268.20
(12253.29) 

Installed Weather Sta-
tion 

0.031 
(0.195) 

 
 

 

Access to Weather In-
formation 

1.668*** 
(0.231) 

  

Agro-ecology & 
Weather Shock 

  

Erratic rainfall  -0.528** 
(0.236) 

-1489.82*
(1126.66) 

120.58
(210.20) 

-116205.80* 
(87879.79) 

9405.68
(16395.62) 

Number of dry-spell 
experience 

0.016 
(0.022) 

-97.78
(103.78) 

-3.646
(22.383) 

-7627.12 
(8094.96) 

-284.39
(1745.90) 

Constant -1.379
(0.515) 

697.17
(2559.74) 

173.81
(423.00) 

54379.21 
(199659.5) 

-13557.17
(32994.05) 

Model diagnosis   

Wald 2  286.95  

 

 6035.35
(316.26) 

847.99
(53.30) 

470757.50 
(24668.44) 

66143.89
(154.25) 

 

 -0.133
 (0.132) 

-0.025
(0.239) 

-0.133 
 (0.132) 

-0.025
(0.239) 

Log likelihood  -3061.00 -4424.65  
LR Test of independ-
ent equations x2 (1) 

 0.75 0.75  

Remark: Estimation by maximum likelihood at the plot level (313 plots) 
* Significant at 10% level; ** significant at 5% level, *** significant at 1% level 
Source: Authors (2018). 

i

i
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Table 2. Endogenous Switching Regression estimation for continuous outcomes 
 [1] [2] [3] [4] [5] 
Model  Endogenous Switching Regression 
 
 
Dependent variable 

Decision to Use 
Weather  

Information 
(yes=1;0  

if otherwise) 

Regime 1
Used = 1 

Regime 2
Not Used = 0 

Regime 1 
Used = 1 

Regime 2
Not Used = 0 

Output per 
hectare 

Output per 
hectare 

Income per  
hectare 

Income per 
hectare 

Explanatory  variables 
Personal Characteristics  
Sex 0.068

(0.261) 
337.23*
(227.53) 

-100.82*
(65.336) 

26305.93
(17746.87) 

-7864.19 
(5096.24) 

Age  -0.003
(0.006)  

1.247
(5.905) 

2.769*
(1.646) 

97.248
(460.55) 

216.00 
(128.42) 

Level of Education 0.115
(0.017) 

-10.106
(14.534) 

21.665***
(5.231) 

-788.30
(1133.71) 

1689.92 
(408.07) 

Farmers Group 0.309
(0.191) 

-83.326
(167.01) 

-2.591
(47.571) 

-6499.61
(13027.31) 

-202.17 
(3710.59) 

Social Capital -0.022
(0.010) 

-6.944
(9.171) 

0.379
(1.843) 

-541.60
(715.39) 

29.61 
(143.78) 

Market Linkage 0.584
(0.200) 

121.52
(177.08) 

-17.956
(51.223) 

9477.68
(13812.60) 

-1400.60 
(3995.45) 

Farm Characteristics  
Farm Size 0.047

(0.016) 
0.477
(8.829) 

-19.623***
(5.368) 

37.138
(688.71) 

-1530.61 
(418.76) 

Institutional Variables   
Access to Informal loan  -0.145 

(0.184) 
104.68
(158.30) 

-7.049
(47.266) 

8164.41
(12347.03) 

-549.83 
(3686.74) 

Access to Agric. Exten-
sion   

-0.171 
(0.181) 

28.877
(158.62) 

6.117
(43.571) 

2251.86
(12372.74) 

477.16 
(3398.55) 

Installed Weather Sta-
tion 

0.042 
(0.191)   

 

Access to Weather Infor-
mation 

1.672 
(0.231) 

 

Agro-ecology & 
Weather Shock 

  

Erratic rainfall  -0.554 
(0.237) 

-254.84*
(188.52) 

3.027
(58.166) 

-19877.72
(14704.85) 

236.12 
(4536.96) 

Number of dry-spell  
experience 

0.016 
(0.022) 

-15.979
(17.382) 

-2.669
(6.177) 

-1246.44
(1355.83) 

-208.19 
(481.85) 

Constant -1.325 
(0.514) 

1038.69
(425.77) 

777.95
(117.24) 

81018.47
(33210.69) 

60680.15
(9144.39) 

Model diagnosis   

Wald 2  6.19  

 

 1012.64
(53.646) 

240.00
(18.288) 

78985.91
(4184.40) 

18720.11
(1426.47) 

 

 -0.202
 (0.177) 

0.389
(0.226) 

-0.202
(0.117) 

0.389 
(0.226) 

Log likelihood  -3926.07  
LR Test of independent 
equations x2 (1) 

 4.09  

Remark: Estimation by maximum likelihood at the plot level (313 plots)   
* Significant at 10% level; ** significant at 5% level, *** significant at 1% level        Source: Authors (2018). 

i

i
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Other factors such as male gender, number of 
dry spells and weather stations installed in farm 
villages positively correlated with farmers’ deci-
sions to use weather information in agricultural 
planning and also similarity in their observable 
characteristics to influence farmers’ use of 
weather information. Farmers who have better 
education were more likely to use improved 
weather information in farm planning decisions 
for drought risk preparedness (See Barret et al., 
2004). The selection equation in column (2) fur-
ther shows that an increase in the farmers’ edu-
cation significantly associated with 11.5% more 
likelihood to use weather information ceteris pa-
ribus. Longer farmers’ group membership will 
significantly increase farmers’ likelihood to use 
weather information by 32.3%, holding other 
factors constant. Farm size cultivated indicated 
that with an additional one hectare, the more 
the probability that farmers will use weather in-
formation. Access to market linkages and 
weather information by farmers have positive 
coefficients and statistically significant. There-
fore, increasing magnitude to these institutional 
factors will increase the likelihood that farmers 
will use weather information services as a strat-
egy in weather risk management decisions.  

The major negative drivers of using weather in-
formation were perceived erratic rainfall 
changes and social capital. Perceived erratic 
rainfall changes was statistically significant such 
that increase in perceived erratic rainfall 
changes by farmers reduces the likelihood of us-
ing weather information by 52.7%, holding other 
factors constant while social capital in terms of 
numbers of household members sharing infor-
mation together was found to have significant 
negative coefficient with the use of weather in-
formation, hence the more increase in the social 
capital measurement, the less the likelihood to 
use weather information by 2.0%, holding other 
factors constant. Major significant results from 
column (3) explained that male headed house-
holds, increasing access to market linkage and 
increasing farm size will increase outcome varia-

bles among farmers that used weather infor-
mation in farm risk management decisions com-
pared with the non-user farmers.  Male farmers 
are usually in control of resources and decision 
making processes especially in developing coun-
tries. So, it is very much easier for male headed 
farm households to decide to use weather infor-
mation compare with the non-user farmers. The 
more there are male farmers in maize produc-
tion, the more maize output of 1,805kg per cap-
ita by user farmers of weather information com-
pare with the lost 216kg per capita by non-users.  

Increasing access to market linkages also in-
creases the likelihood to use weather infor-
mation among user farmers than non-user farm-
ers. In agriculture-based economies such as in 
the Sub-Sahara Africa, market linkage which fos-
ters social cohesion is an important means of 
transmitting trusted information by rural farm-
ers. In view of this, increasing market linkages 
among farmers that used weather information 
increases maize output by about 1370kg per cap-
ita compare with decrease of about 155kg for 
non-user farmers.  Bigger farm sizes are usually 
consider a risk management strategy some-
times. It is most times used as a method of ab-
solving or reducing shocks if economies-of-scale 
is considered which limit losses. Thus, as maize 
farm size cultivated increases, it also increases 
maize output by about 870kg per capita by users 
of weather information compared with about 
520kg by non-users.    

However, increasing perceived erratic rainfall 
changes decreases maize output by about 1,490 
kg per capita by farmers who used weather in-
formation compared with increasing maize out-
put of 121kg per capita by non-user farmers. This 
may likely be due to inadequate skills and expe-
riences in the management of using scientific 
based weather forecast and early warnings in-
formation in taking farm production decisions 
which illustrates presence of heterogeneity  
effect in the sample.  Similar switching regres-
sion results were also obtained from the income 
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per capita outcome variable from the endoge-
nous switching regression model. 

4.2 Effects of weather information on 
 farmers’ outputs and income 

The causal impact of weather information on 
maize income and output were estimated. The 
switching regression model’s results on the ex-
pected outcomes under actual and counterfac-
tual conditions and the treatment effects are 
presented in Table 3. There is a significant causal 
effect of improved weather information on 
maize output and income per capita of weather 
information user farmers as a climate risk adap-
tation strategy. The average treatment effect 
from the switching regression show that 
weather information increased farmers’ output 
by 2,090kg (33.6%) and income by N162,445 
(33.5%) per capita compared with counterfactu-
als. The expected outcome variables under ac-
tual and counterfactual conditions are thus pre-
sented as Cells (a) and (b) represent the actual 
expected outcomes observed in the sample. The 
treatment effects show that weather infor-
mation has a positive and significant impact on 
maize income per capita and output per capita 
compare with income per hectare and output 
per hectare. 

The expected maize crop income per capita for 
farmers that used weather information is 
N484,810 while it is N225,000 for farmers who 
did not per annum. In the counterfactual case 
(c), farmers who actually used weather infor-
mation would have obtained an income per cap-
ita of about N322,365 had they decided not to 
use. Hence, use of weather information had in-
creased farmers’ income by about N259,810 
(53.6%) per capita annually for users . In the 
counterfactual case, farmers that did not use 
weather information would have increased their 
income per capita by about N154,000 (68.4%) 
had they used it. The positive effect on income 
per capita is expected since use of weather infor-
mation services would help the decision-making 
of farmers and improve management of related 

agricultural risks (See Rathore and Chattopadh-
yay, 2016). 

The expected maize output per capita for the 
farmers that used weather information is about 
6,220 kg while it is about 2,900 kg for farmers 
who did not use. In the counterfactual case (c), 
farmers who actually used weather information 
would have obtained an output per capita of 
4,130 kg had they decided not to use. Hence, use 
of weather information had increased farmers’ 
income by about 3,320 kg (53.4%) per capita for 
users. In the counterfactual case, farmers that 
did not use weather information would have in-
creased their output per capita by about 2,000 
kg (68.1%) per capita had they used it. The posi-
tive effect on maize output was expected as evi-
dence that use of weather information are as-
sisting farmers to increase their crop productiv-
ity by applying early forecast information such as 
rainfall onset, early planting and cultivation of 
drought resistant maize crop varieties. These re-
sults support previous studies which have re-
ported positive relationships between improved 
weather forecast information and increase in-
come (Oyekale, 2015 and Wood et al., 2014). 

However, use of weather information was found 
not to have a significant effect on maize income 
per hectare and output per hectare for users. 
However, non-users would have had higher in-
come of about N30,950 per hectare  (48.8%) had 
they decided to use weather information.  
Weather information was found to increase out-
put by 30.03kg per hectare (3.02%) than the 
counterfactual scenario of not using weather in-
formation. Non-user farmers would have in-
creased their output by 397 kg per hectare 
(48.8%) had they decided to use weather infor-
mation. This study found that there is a signifi-
cant effect of weather information on maize 
crop income and output per capita per annum 
for users but insignificant on income and output 
per hectares in Nigeria. 

The negative base heterogeneity effect for in-
come per hectare (about -N18, 300/ha) and the 
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output per hectare (about -240kg/ha) outcomes 
implies that farmers that used weather infor-
mation have lower income and output per hec-
tare compared with those that did not. This is 
not possibly due to user farmers’ decision to use 
weather information, but possibly due to unob-
servable characteristics. In addition, the last row 
of Table 3, adjusting for the potential heteroge-
neity effects in the sample, there is evidence that 
farmers who decided to use weather infor-
mation tend to have benefits lower than the av-
erage irrespective of using weather information, 
but they are better off using weather infor-
mation than not using it. The negative transi-
tional heterogeneity effect also indicated that 
the effect is higher for non-user farmers had 
they decided to use. It is evident that weather 
information acted as a decision-support that fa-
cilitates farmers’ decision for early prepared-
ness, early warnings, and weather-index crop in-
surance when utilised as a climate risk manage-
ment strategy itself. 

The summary statistics results in Table 4 shows 
that on the average, a farmer which had used 
weather information harvested about 980kg/ha 
maize per hectare compared with 815kg/ha by a 
non-user farmer. In terms of total output pro-
duced per capita, a farmer had used weather in-
formation produced about 6,220 kg per annum 
compared with 2,884.68 kg by farmer who did 
not.  Similarly, average maize income was about 
N76,105 per hectare for users of weather infor-
mation compare with 63,400 kg per hectare by 
non-users. Total crop income obtained was 
about N485,000 annually by a user of weather 
information compared with N225,000 by non-
users. It can therefore be concluded weather in-
formation has positive effect on crop outputs 

and income for users which has higher chances 
of improving their welfare, and thus strengthen-
ing their adaptive capacity against likely weather 
shock. 

In overall as presented in Table 4, use of weather 
information was found to be statistically signifi-
cant with the total output per capita (Kg) and the 
total income per capita (N) at 1% level of signifi-
cance. The t-test shows a significant difference 
in maize output between users and non-users of 
weather information (p-value = 0.000). In similar 
perspective, income differentials between users 
and non-users of weather information shows 
that a user farmer has a significantly higher in-
come per capita of about N485,000 compared 
with a non-user farmer who obtained income 
per capita of N225,004.8 per annum. The t-test 
of significance difference (p-value = 0.000) 
shows the significant income differentials be-
tween users and non-users of weather infor-
mation in the middle savannah belt of Nigeria. 

5. Conclusions and policy implications 

The study shows that better education, long 
farmers’ group membership, better access to 
market linkage, large farm size and better access 
to weather information have significant positive 
effects on the farmers’ propensity to adapt with 
weather information. A male farmer and the 
presence of a weather stations positively corre-
lated with farmers’ use of weather information. 
Social capital and perceived erratic rainfall 
changes also significantly reduce farmers’ likeli-
hood to use weather information in the savan-
nah middle belt.  
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Table 3.  Expected income, treatment and heterogeneity effects 
Outcome variables Decision Stage Treatment Effects

To Use Not to use 
Maize income per hectare (N)  
Weather Information User Farmers (ATT) 76,067.79 73,726.16                 TT =    2,341.63
Non-User Farmers (ATU) 94330.03 63,380.04               TU = 30,949.99
Base Heterogeneity effects        BH1= -18,262.24 BH0= 10,346.12 TH = -28,608.36
Maize income per capita (N)  
User Farmers (ATT) 484,810.10 322,364.30     TT =  162,445.80**
Non-User Farmers (ATU) 378,997.70 225,004.70 TU = 153,993.00
Base Heterogeneity effects BH1= 105,812.40 BH0= 97,359.60 TH = 8,452.80
Maize output per capita (Kg)  
User Farmers (ATT) 6,215.51 4,132.87 TT =   2,082.64**
Non-User Farmers (ATU) 4,858.94 2,884.68               TU = 1,974.26
Base Heterogeneity effects BH1= 1,356.57 BH0= 1,248.19 TH = 108.38
Maize output per hectare (kg/ha)  
User Farmers (ATT) 975.23 945.20 TT =   30.03
Non-User Farmers (ATU) 1209.35 812.56  TH  =   396.79
Base Heterogeneity effects BH1= -234.12 BH0= 132.64 TH = -366.76

 

Table 4. Summary statistics of outcome variables for users and non-users of weather information 
Outcome variables Group category Mean CV Min Max
Output per hectare (kg/ha) Non-Users 812.68 2.95 112.1 1950

Users 975.67 0.95 96 10440.20

Total Output (Kg) 

 

Non-Users 2,884.68 1.26 276 13458

Users 6,216.25 0.64 250 72,100

Income per hectare (N/ha) Non-Users 63,389.49 2.95 8743.8 152100

 User 76,102.31 0.95 7588 814,335.60

Total Income (N) Non-Users 225004.8 1.26 21,528 5,623,800

 User 484867.3 0.63 19,500 72,100

 

The average treatment effects (ATT) of weather 
information from the switching regression ex-
plained that weather information increased 
farmers’ output by 2,090kg (33.6%) and income 
by N162,445 (33.5%) per capita compared with 
counterfactuals.  There was evidence of signifi-
cant output differentials between users and 
non-users. On the average, a farmer which used 
weather information has a significantly higher 
output per capita of about 6220kg compare with 
about 2,900kg of a non-user farmer and a signif-
icantly higher income per capita of N485,000 
compared with a N225,004.80 by a non-user 

farmer at 95% Confidence Interval. The presence 
of heterogeneity effect revealed that despite the 
use of weather information, user farmers still 
face lower income and output per hectare com-
pared with non-user farmers. The negative tran-
sitional heterogeneity effect also indicated that 
the effect is higher for non-user farmers had 
they decided to use weather information.  

The study concludes that there is a significant 
causal effect of the use of weather information 
on per capita maize output and per capita in-
come of user farmers as a climate risk adaptation 
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management strategy in Nigeria. Farmers who 
have used weather information received higher 
income and outputs than a random non-user 
farmer would have obtained had he decided to 
use it. This presents firsthand empirical evidence 
that weather information facilitated farmers’ de-
cision-making capacity by increasing their crop 
productivity when apply early forecast infor-
mation such as rainfall onset, early planting and 
cultivation of drought resistant maize crop vari-
eties  as climate smart practices. This result sup-
port previous studies which reported positive re-
lationships between improved weather forecast 
information and increase income. These findings 
are particularly important to design effective ad-
aptation finance strategies to cope with the po-
tential impacts of extreme climate event in the 
savannah belt. 

Policy makers, the Nigerian Agricultural Insur-
ance Corporation, Nigerian Incentive-based Risk 
Sharing Agricultural Lending (NIRSAL), and other 
agricultural stakeholders should invest more in 
farmers’ education by revitalising grassroot edu-
cation and rural learning platforms to develop in-
terests in weather information and its applica-
tion as a risk management strategy.  The Nige-
rian Meteorological Agency should collaborate 
with farmers’ group associations, the Nigerian 
Agricultural Insurance Corporation, and the Ni-
gerian Incentive-based Risk Sharing Agricultural 
Lending (NIRSAL) crop insurance service provid-
ers to develop new innovative Weather Index-
based Crop Insurance (WICI) that will protect 
farmers’ investment capital in case of weather 
shocks. Their linkage should be revisited by 
strengthening their bond as emerging pathways 
for disseminating and communicating weather 
information. Developing local market linkages 
will fast track farmers’ sharing of weather infor-
mation, facilitating use of weather forecast ser-
vices as safety nets. Farmers with large farms 
should be trained as contact farmers and/or 
change agents in widening use of weather infor-
mation in risk management decisions at local 
scale.  The installation of weather stations for 

generating location-specific weather infor-
mation allows farmers to make important invest-
ments decisions such as Smart Climate Insurance 
which heavily rely on scientific weather monitor-
ing and assessment that can support their food 
crop production.  

Given that positive impact of weather infor-
mation, decision makers and policies will require 
institutional policy changes not only in terms of 
up-scaling public weather services but also by in-
troducing private weather service providers to 
fill the gap of weather information services in Ni-
geria.  
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1. Introduction and rationale 

nternational adaptation finance has been a key policy response in 
the United Nations Framework Convention on Climate Change  
(UNFCCC). The UNFCCC and the Paris Agreement acknowledge the 

need for climate finance to be consistent with the priorities and needs 
of developing countries, and in particular those that are most vulnera-
ble to climate change impacts, such as the Least Developed Countries 
(LDCs).1 

The funds under the UNFCCC play a key role in assisting developing 
countries in their adaptation efforts, and countries have progressively 
communicated their adaptation needs and priorities through various 
channels to the UNFCCC. However, there is limited information on how 
adaptation finance channelled through these funds is addressing na-
tional adaptation priorities. 

Adaptation finance that is consistent with national priorities and needs 
can be more effective, increase national ownership of the results 
achieved and develop opportunities to strengthen national capacity. 
Ensuring that international finance responds to national priorities is 
also key to support a coordinated approach towards adaptation in the 
country. Adaptation finance that is not consistent with national priori-
ties may result in overlapping or contradicting activities, and/or in an 
adaptation agenda that is more aligned to external organizations’ focus 
rather than the government’s priorities.2, 3, 4 

I 
Adaptation Finance Fellowship 
Program (AFFP), a coordination 
of the Thailand Development 
Research Institute (TDRI), 
Frankfurt School of Finance and 
Management, and the Interna-
tional Development Research 
Centre (IDRC), supports and 
promotes exceptional individu-
als from developing and emerg-
ing countries who are active in 
climate adaptation finance, ei-
ther in the public or private sec-
tor or in academia. This inter-
disciplinary exchange contrib-
utes to building leadership in 
adaptation finance across sec-
tors for enhanced knowledge 
and sharing good practices in 
adaptation finance. 

https://tdri.or.th/en/affp-adap-
tation-finance/ 

 

 

 

 

1 UNFCCC Decisions 1/CP.16 para 97 and 6/CP.23 para. 10; Paris Agreement Article 7 para. 5 
and 6. 
2 Bizikova, L., Parry, J.E., Karami, J., and Echeverria D. 2015. Review of key initiatives and ap-
proaches to adaptation planning at the national level in semi-arid areas. Reg Environ Change 
(2015) 15:83. https://doi.org/10.1007/s10113-014-0710-0 
3 UNFCCC 2018.  In-session workshop on long-term climate finance in 2018. Summary report 
by the Secretariat. September 2018 
4 Conway, D., and Mustelin, J. 2014. Strategies for improving adaptation practice in develop-
ing countries. Nature Clim Change 4, 339–342 (2014) doi:10.1038/nclimate2199 
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This study seeks to better understand the extent 
to which international adaptation finance has 
addressed planned adaptation priorities in LDCs. 
The findings of the study could be relevant to 
support future adaptation planning and project 
design to prevent contradictory actions across 
sectors and increase project ownership to pro-
mote that project investments sustainably 
strengthen in-country adaptation processes. 

2. Planned adaptation priorities in LDCs 

Planned adaptation refers to deliberate policy 
decisions aimed at maintaining or increasing re-
silience conditions, using information about ex-
pected climate risks to assess the suitability of 
current or future practices.9, 10  A critical part of 
adaptation planning is identifying and prioritiz-
ing options to address key climate risks.11 

National adaptation planning in LDCs was first 
driven by the process to formulate and imple-
ment National Adaptation Programmes of Ac-
tion (NAPAs) promoted under the UNFCCC. Col-
lectively, the NAPAs signal the type of adapta-
tion activities that were considered by LDCs as 
urgent and immediate needs.12, 13 

                                                       
9 United Nations Environment Programme (UNEP). 2016. The 
Adaptation Finance Gap Report 2016. Nairobi. http:// 
www.unep.org/climatechange/adaptation/gapreport2016/  
10 Füssel, H. 2007. Adaptation planning for climate change: con-
cepts, assessment approaches, and key lessons. Sustain Sci 2, 
265-275. https://doi.org/10.1007/s11625-007-0032-y  
11 Mullan, M. et al. (2013), “National Adaptation Planning: Les-
sons from OECD Countries”, OECD Environment Working Pa-
pers, No. 54, OECD Publishing. 
http://dx.doi.org/10.1787/5k483jpfpsq1-en  
12 DANIDA, and GEF. 2009. Joint external evaluation, COWI 
Group and International Institute for Environment and 
Development Evaluation of the Operation of the Least 
Developed Countries Fund for Adaptation to Climate Change. 
http://www.evaluation.dk 
13 Klein Richard J.T. and Åsa Persson. 2008. Financing Adapta-
tion to Climate Change: Issues and Priorities European Climate 
Platform (ECP), ECP Report No. 8. https://www.ceps.eu/ceps-
publications/financing-adaptation-climate-change-issues-and-
priorities/  
14 UNFCCC. 2013 Index of NAPA Projects by Sector. https://un-
fccc.int/files/cooperation_support/least_developed_coun-

Since the NAPA process, LDCs have progressed in 
identifying and communicating medium- and 
long-term adaptation priorities through National 
Adaptation Plans (NAPs), and more recently 
through their Nationally Determined Contribu-
tions (NDCs). While the NAPAs may not repre-
sent the most recent adaptation priorities in 
many LDCs, understanding how these priorities 
have been addressed by international adapta-
tion finance could be useful for NDC implemen-
tation, as the sectors with the most adaptation 
measures in NAPAs coincide with those high-
lighted in the NDCs. These sectors are agricul-
ture and food security, forests, and water re-
sources and coastal zones.14, 15  

Implementation of adaptation plans and the pro-
vision of adaptation finance are closely linked. 
Under the UNFCCC, preparing and submitting 
NAPAs was a condition for accessing funding for 
their implementation. Insufficient or inadequate 
funding was identified as a barrier for adaptation 
in many NAPAs16 and has been a main constraint 
for their implementation.17, 18 In addition, coun-
tries where the highest number of adaptation in-
itiatives have been reported in the literature are 
likely to be those that have received the highest 
adaptation funding.19 

tries_portal/napa_priorities_database/application/pdf/napa_in-
dex_by_sector.pdf 
15 Patel et al. 2019). Patel, S., Rai, N., and McIvor, S. 2019. LDC 
NDCs: adaptation priorities and gaps to address. International 
Institute for Environment and Development (IIED). 
https://pubs.iied.org/pdfs/17709IIED.pdf 
16 Pauw, P. and Pegels, A. 2013. Private sector engagement in cli-
mate change adaptation in least developed countries: an explora-
tion, Climate and Development, 5:4, 257-267.  
17 Kalame, Fobissie Blese, Denboy Kudejira, and Johnson Nkem. 
2011. “Assessing the Process and Options for Implementing 
National Adaptation Programmes of Action (NAPA): A Case 
Study from Burkina Faso.” Mitigation and Adaptation Strategies 
for Global Change 16: 535–53 
18 Osman-Elasha, Balgis, and Thomas E Downing. 2007. Lessons 
Learned in Preparing National Adaptation Programmes of 
Action in Eastern and Southern Africa. 
19 De Souza, K., Kituyi, E., Harvey, B. et al. 2015. Vulnerability to 
climate change in three hot spots in Africa and Asia: key issues 
for policy-relevant adaptation and resilience-building research. 
Reg Environ Change 15, 747-753. 
https://doi.org/10.1007/s10113-015-0755-8 
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3. International adaptation finance:  
The UNFCCC’s funds 

International public adaptation finance plays a 
key role in enhancing adaptation action in devel-
oping countries by mobilizing other sources of fi-
nance, placing adaptation on the political 
agenda, and enhancing the enabling environ-
ment for investment.20, 21, 22  The majority of pub-
lic climate financing flowing to developing coun-
tries has been provided through channels out-
side the institutional arrangements under the 
UNFCCC.23 However, UNFCCC funds are ex-
pected to play a key role in mobilizing adaptation 
finance in the context of the Paris Agreement.  

UNFCCC funds provide more opportunities for 
developing countries to exercise control over 
funding decisions as they function under the 
guidance of and are accountable to the Confer-
ence of the Parties (COP).24, 25 The funds also aim 
to support national priorities, through country-
driven projects, and bring together various insti-
tutions and donors that could potentially en-
hance the impact and coordination of adapta-
tion investment.  

The financial architecture under the UNFCCC in-
cludes five funds that channel adaptation fi-
nance to developing countries: The Least Devel-
oped Countries Fund (LDCF), the Special Climate 
Change Fund (SCCF), the Strategic Priority for 
Adaptation—a special allocation under the 
Global Environment Facility (GEF) Trust Fund; 
the Adaptation Fund (AF) and the Green Climate 
Fund (GCF) (Figure 1).   

                                                       
20 See reference 15 
21 Bouwer L. and Aerts J. 2006. Financing climate change adap-
tation. Disasters, 2006, 30(1): 49−63 
22 See reference 5 
23 Nakhooda, S., Watson, C., and Schalatek, L. 2016. 10 things to 
know about climate finance in 2016. ODI briefing paper. 

4. Methodology 

To understand the extent to which international 
adaptation finance is addressing planned adap-
tation priorities in LDCs, international finance 
was considered as the resources provided by the 
UNFCCC’s funds, and the adaptation priorities as 
those specified under NAPAs. The analysis in-
cluded 221 national projects supported by the 
SPA, LDCF, SCCF, AF, and GCF in 44 LDCs in Asia 
and Africa. Projects in the concept stages were 
excluded. The projects that were analysed also 
included those that specified a link with the 
NAPA (in terms of alignment with objectives or 
addressing priority activities). Project infor-
mation was extracted from the funds’ public da-
tabases and integrated into a new database. De-
tails of the projects were analysed using excel 
spreadsheets and quantitative data was summa-
rized. 

To measure the amount of finance allocated to 
the countries, the analysis considered the 
amount provided by the funds, rather than the 
total project cost. The adaptation priorities being 
addressed by the projects, were compared to 
those identified under NAPAs for each country, 
and the percentage of priorities addressed by 
country was calculated. It is important to note 
that the study did not assess if and how the pro-
jects address adaptation priorities.  

The analysis used the information about adapta-
tion priorities being addressed or partially ad-
dressed by the projects as specified in the pro-
ject documents. The amount of finance and  
 

https://www.odi.org/sites/odi.org.uk/files/resource-docu-
ments/11058.pdf 
24 See reference 17 
25 Scoville-Simmonds, M. 2016. “The Governance of Climate 
Change Adaptation Finance - An Overview and Critique.” Inter-
national Development Policy. 
https://doi.org/10.4000/poldev.2243 
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Figure 1. Funds supporting adaptation under the UNFCCC’s financial mechanism. Adapted from Kato T. et al. 2014. 

* The Adaptation Fund shall no longer serve the Kyoto Protocol once the share of proceeds becomes available under Article 6, paragraph 
4 of the Paris Agreement. The Adaptation Fund shall continue to receive the share of proceeds, if available, from activities under Articles 
6, 12 and 17 of the Kyoto Protocol (Decisions 13/CMA.1, para. 1; 1/CMP.14, para. 2 and 3). 
** The SPA allocated all its resources between 2006 and 2010. 

percentage of adaptation priorities addressed by 
country was plotted and the mean and standard 
deviation for each variable was calculated. With 
this information, countries’ progress was classi-
fied according to three categories for each vari-
able (low/medium/high). The full report includes 
additional information. 

5. Results 

International adaptation finance accessed 

In total, USD 1,969 million have been allocated 
to LDCs through projects addressing adaptation 
priorities financed by the UNFCCC funds. The 
LDCF and GCF have provided 90% of the funds 

through 192 projects (Table 1). On average, LDCs 
have five approved projects per country, and re-
ceived USD 44.7 million per country. The highest 

Table 1. Adaptation finance accessed to address 
adaptation priorities 

Fund Projects 
Amount 

(USD million) 
% of the 

total 
LDCF 164  $                971.6  49% 
GCF 28  $                797.6  41% 
AF 24  $                177.4  9% 
SPA 2  $                  10.6  0.5% 
SCCF 3  $                    7.2  0.4% 
Total 221  $             1,964.4   
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amount of resources has been accessed by Tan-
zania, Bangladesh, Ethiopia, Bhutan, Rwanda, 
Madagascar, Comoros, Nepal, Senegal, and 
Cambodia (Figure 2). Tanzania, the country with 
the highest amount of finance, has received 
through one GCF project more resources than all 
LDCs through all the funds. Through this project, 
Tanzania was approved to receive USD 111.5 
million from the GCF. Bangladesh-the second 
country with the highest amount of finance, has 
been approved a total USD 106.2 million through 
eight projects. 

Adaptation priorities addressed by projects 

More than half of the countries an/alysed (64%) 
are implementing projects that address or par-
tially address 60% or more of their adaptation 
priorities. The countries with higher percentages 
of priorities addressed or partially addressed are 
Rwanda, Mozambique, Malawi, Guinea Bissau, 
Uganda, Nepal Bhutan, Djibouti, Tuvalu and Sen-
egal. 

UNFCCC’s funds are mainly supporting priorities 
in the food security, terrestrial ecosystems and 

water resources sectors (Figure 3). This is con-
sistent with the sectors with the highest amount 
of priorities in the NAPAs. Adaptation priorities 
in the health and energy sectors have been sel-
domly addressed. However, priorities might be 
underestimated as the results do not reflect pri-
orities being addressed by projects not included 
in the analysis. For example, some priorities in 
the health sector have been addressed through 
multi-country projects from the UNFCCC funds 
supporting adaptation, while priorities in the  
energy sector are also being supported through 
mitigation projects. In addition, 12 projects ana-
lysed did not specify the priorities addressed or 
partially addressed. 

LDCs’ progress in accessing finance to ad-
dress adaptation priorities 

Overall there is a positive tendency between the 
amount of finance received and the percentage 
of priorities addressed. Notable exceptions in-
clude Comoros and Tanzania (high finance but 
low priorities addressed) and Djibouti, Guinea 
Bissau, and Chad (low finance and high priorities 
addressed) (Table 2).   

 
Figure 2. Amount of international adaptation finance accessed by LDCs 
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Table 2. LDCs’ progress in accessing finance to address planned adaptation priorities 

Priorities 

Finance 
Low 

(<35 USD million) 
Medium

(35-65 USD million) 
High 

(>75 USD million) 

Low 
(0-50%) 

Countries: AGO, CAF, COD, 
LBR, MMR, MRT, TGO, YEM 
 
Total: USD 154.8 million 
% of total finance: 8% 
Projects: 26 

Countries: LSO 
 
Total: USD 40.1 million 
% of total finance: 2% 
Projects: 7 

Countries: COM, TZA 
 
Total: USD 204.2 million 
% of total finance: 10% 
Projects: 10 

Medium 
(>50-75%) 

Countries: AFG, BDI, ERI, GIN, 
NER, SLB, SOM, STP  
 
Total: USD 190.3 million 
% of total finance: 10% 
Projects: 30 

Countries: BEN, BFA, KIR, LAO, 
MLI, SLE, TLS, VUT  
 
Total: USD 350.9 million 
% of total finance: 18% 
Projects: 45 

Countries: ETH, KHM, MDG  
 
Total: USD 235.9 million 
% of total finance: 12% 
Projects: 20 

High 
(>75%) 

Countries: DJI, GNB, TCD  
 
Total: USD 78.2 million 
% of total finance: 4% 
Projects: 11 

Countries: GMB, MOZ, MWI, 
TUV, UGA, ZMB 
 
Total: USD 299.2 million 
% of total finance: 15% 
Projects: 36 

Countries: BGD, BTN, NPL, RWA, 
SEN 
 
Total: USD 410.9 million 
% of total finance: 21% 
Projects: 36 

 
 

 

 
Figure 3. NAPA priorities addressed by sector 
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The countries with the best progress in accessing 
finance to address adaptation priorities are 
Bangladesh, Bhutan, Senegal (lower middle  
income countries), and Nepal and Rwanda (low  
income countries).22 Bangladesh, Bhutan, Nepal 
and Rwanda are also countries where the high-
est amount of adaptation initiatives have been 
reported in the literature.23 

Countries with the least progress (low finance 
and low priorities addressed) have received 8% 
of the total amount of finance. From this group, 
Afghanistan, Central African Republic, Demo-
cratic Republic of Congo, and Yemen are coun-
tries with high and medium intensity of con-
flict,24 which might explain a low capacity to ac-
cess adaptation finance and implement adapta-
tion actions. 

6. Conclusion 

International adaptation finance channelled 
through the UNFCCC’s funds is addressing 
planned adaptation priorities in LDCs. However, 

there are opportunities to strengthen the invest-
ment to address adaptation priorities in other 
key sectors, such as the health sector.  

LDCs’ progress in accessing international finance 
to address national adaptation priorities varies, 
with Bangladesh, Bhutan Nepal, Rwanda and 
Senegal, being the leaders. Djibouti, Guinea Bis-
sau and Chad are among the countries with a 
higher percentage of adaptation priorities ad-
dressed but with limited finance. Angola, Central 
African Republic, Democratic Republic of Congo, 
Liberia, Mauritania, Togo and Yemen constitute 
the group with the least access to adaptation fi-
nance and limited adaptation action.  

The different progress shows that there are op-
portunities to improve the distribution of adap-
tation finance to LDCs, and target capacity build-
ing and finance readiness support to the 19 LDCs 
with the lowest access to finance. Future re-
search could explore the factors that explain why 
some LDCs have been more successful in access-
ing finance to address their adaptation priorities, 
as well as aspects related to efficiency and effec-
tiveness of the finance accessed. 

 

 

 

 

 

 

 

 

                                                       
22 World Bank. 2019. Classification of countries by income. 
https://datahelpdesk.worldbank.org/knowledgebase/arti-
cles/906519-world-bank-country-and-lending-groups 
23 See reference 15 

24 World Bank. 2020. List of Fragile and Conflict-affected Situa-
tions http://pubdocs.worldbank.org/en/ 
179011582771134576/FCS-FY20.pdf 
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lobal data on climate risks ranked the Philippines as among the 
most vulnerable countries in the world (2019 Global Climate 
Risk Index, 2019 Global Peace Index, 2018 World Risk Report). 

Adaptation as a policy area has become imperative more than ever be-
fore to build resilience and brace poor local communities on the risks 
brought about by the changing climate. This is the raison d’ etre behind 
the passage of Republic Act 10174 (People’s Survival Fund Law) in the 
Philippines. The People’s Survival Fund (PSF) supports adaptation ac-
tivities of local governments and communities with low adaptive ca-
pacity, high poverty incidence and key biodiversity areas. 

The PSF as a climate adaptation finance mechanism is uniquely signifi-
cant for a number of reasons: essentially sourced out from public fund, 
exclusively for adaptation purposes, implemented in the subnational 
level and its objectives highly embedded in disaster risk reduction and 
poverty reduction goals of the country. Currently, not much literature 
on adaptation finance with funds of public character and focused solely 
for adaptation purposes at the subnational level in the Southeast Asian 
context exists. This epistemological gap along with potential barriers in 
the implementation of the PSF strikes into the heart of fundamental 
policy areas. Firstly, this study addresses the issue of climate change 
and its ramifications to sustainable development at the local level. Ex-
treme weather events in the Philippines often result to extensive loss 
of life, homes and livelihoods, damages to property and communal as-
sets and jeopardize whatever development gains made by the country 
in the past decade. In real terms, the changing climate threatens the 
country’s efforts on poverty eradication and sustainable development. 
Secondly, it addresses the issue of adaptation in relation to social in-
clusion. Despite the fact that the Fund follows the enhanced direct ac-
cess modality and has been in existence in the last nine years, only six 
(6) adaptation projects with cumulative worth of roughly US$ 6.5M are 
currently being implemented suggestive of possible democratic deficit 
in the implementation of the PSF. With that said, the findings of this  
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research can be used to inform policy with the 
end-goal of making access to the People’s Sur-
vival Fund more democratized. 

Research Aims and Objectives 

The study mapped out the potential barri-
ers/problems in the implementation and deliv-
ery of the People’s Survival Fund in three per-
spectives: policy, institutions and operations. It 
also determined the main reasons for success 
and failure of the local government unit in ac-
cessing the PSF.  

Methodology 

Using the exploratory sequential design, the re-
searcher integrated quantitative and qualitative 
data within a single investigation. (Creswell and 
Plano, 2011; Onwuegbuzie, Bustamante, and 
Nelson, 2010). Quantitative policy analytical 
tools (PCI Framework for Effectiveness of Cli-
mate Change Policy and Policy Triangle Frame-
work); institutional analytical logic (PCI Frame-
work for Evaluating Institutional Arrangement 
and the Institutional Analysis and Development 
Framework) and desk-review of national level 
policy documents were used to unravel insights 
on policy, institutional and operational barriers. 
Semi-structured interview and focus group dis-
cussions were likewise used to identify the main 
reasons for success and failure of PSF projects. 
Eight national-level legislative and policy docu-
ments on climate adaptation were reviewed. 
One success case study on climate adaptation 
project, “Promoting Resilience and Climate-In-
formed Gerona,” was highlighted to identify the 
key success factors. The findings from the quali-
tative phase were later used to inform subse-
quent quantitative data collection through sur-
vey questionnaire (quantitative phase).  

Results 

Findings disclosed that on the macro-level, there 
exists an enabling environment for the  
implementation of the People’s Survival Fund, 

but policy, institutional and operational gaps ex-
ist at the implementation level. The existing le-
gal-policy ecosystem in the Philippines is gener-
ally favourable and conducive for the implemen-
tation of the People’s Survival Fund Law as evi-
denced by the constellation of legal framework, 
policy framework, institutional architecture, 
governance structure, and climate finance 
mechanisms.  The People’s Survival Fund Law is 
not a policy in isolation, but a policy that is em-
bedded in an existing policy constellation. The 
People’s Survival Fund Law is generally compli-
ant with all the principles of good governance on 
climate finance delivery (implementability, co-
herence and legitimacy) saved on the issue of 
transparency owing to the fact that there is no 
public database about projects approved, 
budget allocated, their status of completion and 
other relevant information which will guide the 
public in monitoring the expenditure of public 
fund relative to the projects funded. Moreover, 
fundamental institutional architecture and pro-
cesses are in place at the national level. Both the 
Climate Change Commission (CCC) and PSF 
Board have sufficient level of democracy in 
terms of representation---multi-sectoral, inter-
agency, inter-departmental, collaborative and 
polycentric.  

If an adaptation project financed by the PSF is 
properly implemented in the sub-national level, 
it could provide doorstep conditions for the at-
tainment of adaptation objectives. The case 
study of the agricultural community of Gerona is 
illustrative of this case. Using Ostrom’s Institu-
tional Analysis and Development Framework, 
the Gerona case study showed that while the ex-
istence of formal institutions (laws, rules and 
governance structures) is important; it does not 
automatically and necessarily result to effective, 
efficient and responsive implementation of the 
People’s Survival Fund. Leveraging upon infor-
mal institutional networks is equally important 
to engender collective action, build social trust, 
enhance the stock of social capital, ensure opti-
mum inclusive, meaningful and impactful partic-
ipatory engagement and finally attain the goals 
of public good envisioned by the climate  
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adaptation project. The Gerona case illustrates 
that employing participatory and community-
driven approaches and promoting inclusive gov-
ernance can provide synergy to increase collec-
tive action for the implementation of the pro-
ject, support local values, trust, customs, and 
ownership; strengthen the enforcement of rules; 
address power relations; and thereby improve 
local implementation capacity, monitoring and 
sanctioning efforts, and long-term sustainability 
of the desired intervention outcomes. 

A number of key success factors from the Gerona 
case have been identified and generally at their 
core are governance and institutions: top-level 
management support from local executives in 
power; ground support system from the stake-
holders through meaningful and inclusive partic-
ipatory process lend legitimacy, transparency, 
credibility and sense of ownership to the project; 
and concerted efforts of state and non-state ac-
tors involved in climate change actions. 

In the policy perspectives, critical information 
gap about adaptation in general and the PSF in 
particular, possible financing gap in the future, 
and absence of harmonious and unified guide-
lines during the implementation stage of an ad-
aptation project were deemed as potential pol-
icy barriers. There is evident lack of awareness, 
knowledge and information about adaptation 
and the People’s Survival Fund, more notably, in 
the poor and vulnerable rural agricultural com-
munities. The People’s Survival Fund is still 
largely unknown in the country. Moreover, “fi-
nancing gap” for the People’s Survival Fund 
could exists in the future given the fixed annual 
appropriations (around US$20 million) allotted 
by the Philippine government to the Fund. Pro-
ject priority lock-ins could also deter implemen-
tation of project which are badly needed by mu-
nicipalities but are outside the identified priority 
areas. It can also be noted that while the law pro-
vides for co-creation, co-production and public-
private partnership schemes, there exists no 
clear-cut enabling policy guidelines for private 
sector participation. Finally, the lack of enabling 
guidelines to govern implementation of project 
remains a policy gap that could be better  

addressed through the issuance of implementa-
tion guidelines or documents of similar nature by 
agencies involved in the delivery of the PSF. 

Institutional barriers could limit what local gov-
ernment units could accomplish. Undermanned, 
overworked and overwhelmed, the subnational 
government cannot be expected to propose and 
implement adaptation projects under the PSF 
without adequate logistical supports from the 
national government. In some municipalities, for 
instance, compliance with even two of the fun-
damental plans needed for submission of adap-
tation project proposal in the Climate Change 
Commission can be daunting: the Comprehen-
sive Land Use Plan (CLUP) and the Comprehen-
sive Development Plan (CDP). These “capacity 
gap” and “lack of administrative readiness” of 
poor and vulnerable rural agricultural communi-
ties in the country typically hinder meaningful lo-
cal climate action. Most of the vulnerable com-
munities in the country are those with low adap-
tive capacity, low human capital but with high in-
cidence of poverty. Most local government units 
(LGUs) do not have adequate, competent and 
skilled personnel who will perform climate 
change actions in the local level. The present in-
stitutional architecture in the local level does not 
provide for it. The absence of local institutional 
coordinating body that will coordinate the activ-
ities related to climate actions among collaborat-
ing units, agencies and entities involved in cli-
mate governance can be regarded as a “govern-
ance gap” in the People’s Survival Fund law. 
While in the national level there is a Climate 
Change Commission that performs coordinative 
functions for and among the different agencies 
of the government and representative stake-
holders, there is no such equivalent body in the 
local or micro-level. Hence, while submissions of 
project proposals were made by LGUs in the past 
years, they generally lack quality and responsive-
ness to the requirements of the PSF Board. Thus, 
the low approval rate.  

In the operational level, substantial delays in-
curred by agencies involved in the delivery of the 
PSF and confusion brought about by incoherent 
implementing guidelines serve as hurdles for the 
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smooth implementation of an adaptation pro-
ject. Delays are usually incurred by the Climate 
Change Commission in the conduct of field vali-
dation of works accomplished by the adaptation 
project, by the Commission of Audit in post-au-
diting the various phases of the project, and by 
the Development Bank of the Philippines in the 
release of the funds. Such administrative delays 
and bureaucratic bottlenecks impact the com-
pletion of the project on time, delivery of the 
services to the beneficiaries and possibly cause 
mistrust to the sincerity of the national govern-
ment in the performance of their functions.  

The foregoing problems inevitably result to low 
submission of adaptation project proposals; 
even when proposals are submitted they lack 
the needed rigor, quality and substance. Some 
proposals submitted are not necessarily adapta-
tion but business-as-usual; others failed to meet 
the standards of the PSF Board; still others are 
lacking of the mandatory documents such as vul-
nerability assessment. These explain the reasons 
why some municipalities are unable to access 
the PSF. While some municipalities have skilled 
personnel to undertake adaptation project, ei-
ther the local chief executive or the local council 
does not consider adaptation projects with long-
term duration as practical or politically beneficial 
to them in the short-term. These issues involving 
political will and political buy-in coupled by the 
cyclical shift in power impact meaningful local 
climate action in the subnational level. 

The PSF is still a work in progress. While there 
are constraints in its governance and implemen-
tation, there are reasons to be optimistic in the 
future. 

Policy Implications 

A number of relevant observations could be de-
duced from this research which have practical 
bearing on some policy considerations. Firstly, 
empowering the front-liners of climate adapta-
tion action at the sub-national level through tar-
geted capacity-building remains a low-hanging 
fruit that the national government could tap 

upon. Local government units with high vulnera-
bility but with low adaptive capacity and low hu-
man capital can be considered on top of the pri-
ority. Secondly, alongside capacity-building, pro-
vision for local institutional structures and pro-
cess should be in place to address the govern-
ance gap at the subnational level for climate ad-
aptation action. A collaborative multi-sectoral 
committee with functions similar to the Climate 
Change Commission could be improvised in the 
organizational structure at the local level. A ded-
icated focal person/unit which liaises the func-
tions of this committee should likewise be desig-
nated. Thirdly, the critical information gap about 
adaptation and the PSF could be well addressed 
by the national government though the Climate 
Change Commission by stepping up its education 
and public information campaign. While much 
has been done, much still needs to be done in 
mainstreaming climate adaptation in local plans 
and strategies and in cascading knowledge about 
adaptation not only to policy actors but more im-
portantly to stakeholders directly affected by the 
impacts of the changing climate. Finally, there is 
a need to possibly revisit the People’s Survival 
Fund Law and its implementing rules and regula-
tions to take into account policy, institutional 
and operational gaps identified in this study. 
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I. Introduction 
inancing the climate change adaptation has emerged as central 
issue wherein the strategies related to input changes have 
earned serious consideration in agriculture literature. This in-

cludes technological related inputs such as new innovative and highly 
productive agricultural tools, laser leveler and tractor. Despite of that, 
other types of adaptation strategies that also demand huge financing 
include variety, crop and irrigation related adaptations. These climatic 
and non-climatic based adaptation strategies require large funding 
portfolio, and farmers have to face heavy financial dose to bear up the 
cost that is heavily dependent on availability of credit financing from 
formal, semi-formal and informal lenders. But credit financing institu-
tions in developing countries are not so much resourceful to help the 
farmers in the provision of multiple type of financing opportunities and 
there exist huge disparities in the allocation of loans,1 demonstrating 
the existence of inefficiencies in financing adaptations at agriculture 
sector. 

Pakistan is no exception where small farmers have fewer shares in land 
holding as compared to the large farmers, mainly due to the cultural 
basis, inheritance law and subject nature of the issue that restrict their 
dominancy in formal credit market.2 In addition to that, inefficient and 
inequitable credit market, induced by the variation among farmers 
about socio-economic status, unavailability of collateral as security for 
loan and high transaction as well as application cost further restrict 
farmer’s access to credit market.  Hence, these poor vulnerable farm-
ers have no choice, except to bind themselves to get the loan from  
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informal lenders at exorbitant interest rate along 
with less maturity period. And farmers with long-
term better repayment and credit score are 
more likely to be financed by informal lenders.27  

In order to evaluate the credit market ineffi-
ciency and inequity in financing the climate 
change adaptations, 04 wheat growing districts 
are selected based on the existence of meteoro-
logical observatory, human vulnerability index to 
climate change and availability of rural micro-
credit facilities. These districts include Muzaffar-
garh, Sukkur, Mianwali and Peshawar, existing at 
different agro-ecological zones of Pakistan. 
Multi-stage cluster sampling for data collection 
is adopted to get a representative sample of 400 
households by using the structured question-
naire. 02 villages are selected randomly from 
each of the districts that lie in the circumference 
of 10 km from the observatory point and 50 ob-
servations from each village are taken. Both 
quantitative and qualitative tools are utilized to 
analyze the combined response of lenders and 
borrowers by using the Focus Group Discussions 
(FGDs) from community people and Key-Inform-
ant Interviews (KIIs) from formal, semi-formal 
and informal lenders.   

II. Findings on credit market  
imperfection   

The evidence claims that  

 ‘Marginal farmers’ are higher as compared to 
small, medium and large farmers, confirming 
the existence of division of land at small 
scale.  

 Percentage of farmers with ‘tenants’ status 
are less than ‘ownership rights’ in all of the 
districts, ensuring that land distribution is 
skewed toward owners, not tenants. 

 Only 36% and 37% farmers have access to 
loan from formal (banks) and semi-formal 

                                                       
27 Aleem (1990), Hoff & Stiglitz (1990) and Haugen (2005)  

lenders (MFIs), respectively while 95% farm-
ers have access to credit from informal lend-
ers which also support the inequity issue in 
credit market. Same conclusive evidence ex-
ists for the ‘approach to lenders’ and ‘aware-
ness about credit opportunities’.  

 Formal sector offers, more attractive and 
large amount of loan but the volume is very 
small as compared to semi-formal and infor-
mal lenders. Additionally, formal lenders of-
fer high ‘maturity period’ along with strict 
collateral requirements, whereas collateral is 
not demanded by informal lenders rather 
they believe on personal security and offer 
very short term loan based on cropping sea-
son. It is evident that informal lenders have 
large share in the market to finance the cli-
mate change vulnerable farmers but they 
charge exorbitant interest rate, and exploit-
ing the poor farmers in time of their needs. 

 Semi-formal lenders such as MFIs offer loan 
on very discriminatory basis, usually making 
the eligibility of applicant if they have group 
security which further strengthening the in-
equity issues in credit market and same are 
also supported by the findings of KIIs and 
FGDs.  

 Outcome also suggest that maximum ‘aver-
age distance to lender’ varies in the range of 
17.02 to 22.81 miles for all types of lenders, 
indicating that borrowers have to travel far-
off areas to get credit which ensure the non-
existence of lenders at nearby place and may  
strengthen the imperfection of credit market 
in allocating and financing loans to vulnera-
ble farmers.  

 Adaptation findings implies that more than 
94% farmers spend the whole borrowing 
amount in adapting the climate change and 
57% of farmers invest in purchasing the ‘use 
of better and expensive seed’ as adaptation 
strategy to climate change. And ‘stop of 
growing particular verity’ and ‘introduction 
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of new verity’ is adopted by large number of 
borrowing farmers (54.75%).  

 
Some of the adaptation strategies are not the re-
sponse of climate change rather adopted due to 
market requirements, labor scarcity, oppor-
tunity of worker and to get the gains of higher 
production which usually known as ‘non-climate 
change related adaptations’.  

 In developing countries, farmers has con-
verted traditional cultivation system into 
modern cultivation, leaving ‘use of Bullock’ 
and moving towards the ‘use of tractor’ 
which is time efficient, and more productive 
along with highest users (83%) among vul-
nerable farmers.  

 In ‘Mianwali’ district, wheat growing farmers 
are the highest users (89%) in taking new 
trails of seed for each crop period due to the 
worsening climate condition while it has 
been lowest (40%) at ‘Muzaffargarh’.  

 ‘In order to ‘purchase new seed’ for each crop 
period, farmer’s rush at formal and informal 
institutes to get loan and also to finance the 
seed related adaptations. Against its re-
sponse, Banks and MFIs take time to finance 
them for adaptations while Informal lenders 
offer collateral free, timely and also without 
formal application procedure financing op-
tions ‘in kinds’ that are effective for climate 
change adaptations. 

III. Recommendations  

 In order to promote the welfare and adapta-
tion finance for small land holding farmers 
and tenants, Banks need to redesign small 
scale loan structure with easy access to col-
lateral requirements. These small scale loan 
facilities should be available for marginal and 
poor climate change vulnerable farmers.  

 Market imperfection should be minimized 
through the direct provision of agriculture in-
puts by the agriculture extension depart-
ments at local market without the role of In-
formal lenders. 

 There is immense need to disseminate 
awareness about MFIs among backward 
farmers so that they may get small and im-
mediate loan on easy conditions. 

 There is also need to change the collateral 
policy at local and provincial level for semi-
formal lenders that may broaden and 
strengthen the scope of MFIs in financing the 
farmer’s climate change adaptations.  
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Introduction 

he cost of climate change to African economies is uncertain, yet 
series of projections estimate millions of US dollars (IDFC, 2014; 
Bloomberg, 2013). Identifying new and additional private 

sources of finance to complement ailing public sources has been a key 
topic in recent international climate negotiations (Bodansky, 2010; 
Fridahl & Linnér, 2016). Emerging studies that focus on private sources 
of financing have indicated that remittances show significant promi-
nence (Musah-Surugu et al., 2018; Pauw, 2015). They contend that re-
mittances are able to reach the core poor who are at the margins of 
survival and hence could be a significant source to bridge adaptation 
financing gap, specifically at the household level. Also, despite the 
growing flow of remittances to developing countries (see Fig 1) studies 
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on climate finance have largely not paid much at-
tention to how remittances are complementing 
other sources of climate finance  (Musah-Surugu 
et al., 2018). This study aims at contributing to 
the climate finance literature by examining the 
influence of remittances on smallholder farmers 
adaptation decisions and the share of income 
spent on adaptation. Using the mixed-method 
research approach the study found that 3 out of 
5 respondents in the study area receives remit-
tances, large proportion of receipts are invested 
in both off-farm and on-farm adaptation, in-
crease in remittances is inversely related to pur-
chase of insurance against climate impacts and 
positively related to off-farm adaptation option. 
The outcome of this study is relevant to climate 
ministries of finance, agriculture, rural develop-
ment and climate policy practitioner in the de-
sign and implementation of adaptation strate-
gies for rural farmers.   

Information about the sample of farmers  

The study attempted to examine the perception 
of smallholder farmers on climate change which 
influences their adaptation decision. The data 
shows that all respondents (100.0%) think rain-
fall has decreased while 98.0% perceive an in-
crease in temperature. The frequency of storm 
surges and prolong drought were perceived to 
have increased in the past decades. Also, major-
ity (50%) identified climate change as human in-
duced, 20.0% as punishment from ancestors, 
15.0% as from supernatural God and 15.0% as 
natural cycle. Respondent linked low productiv-
ity (97.0%), inadequate feed and water for live-
stock (84.0%) and stunted growth of crops 
(76.3%) to the effects of climate change. 

Farmers’ perception and knowledge on climate change  

 
Figure 1: Climate has change over past 15 years. 

 
Figure 2: Perceived causes of climate change  

 
Figure 3: Perceive effects of climate change  

Flow of remittances and use of  
remittances for adaptation 

On the average, a respondent receives 369.00 
GHC of remittance annually. Halve (50.0%) re-
ceive between 100-500GHC a year, 31.8% be-
tween 501-1000GHC and only (18.2%) receive 
beyond 1000GHC. The main medium of  
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receiving remittance was through the remitter 
sending a friend/relative (72.8%) as shown since 
most of the people received their remittances 
from family members who have migrated within 
Ghana. Respondents indicates that remittance 
enabled them to engage in some practices they 
described as adaptation to climate impacts. Buy 
chemicals/fertilizer (21.6%), acquire extra food 
to supplement family needs (17.8%) and buy 
drought tolerant maize seeds (14.0%) were indi-
cated activities driven by remittances. Other 
practices outlined were invest in children educa-
tion (13.4%), buy an irrigation equipment 
(10.3%) and put up a storage facility (7.2%) as 
shown in table 6. However, the major challenges 
associated receiving remittances were mobile 
network problems (29.2%), travelling longer  
distance to redraw remittance (22.5%) and 

 
Figure 4: Used remittance for adaptation 
 

remitters too busy to send money (20.0%). Other 
challenges were limited financial institutions in 
the area, poor communication from intermedi-
ary and high transaction cost. 

Influence of remittance on adaptation  

To enable a deeper understanding of the role of 
remittance as a push or pull factor in climate 
change adaptation, the study probed further 
through inferential analysis specifically Oder 
Ranked Logit (ORL) model. It was observed that 
remittance positively predicted adaptation such 
that farmers strengthened their resilience 
through additional income (Table 1). Disaggrega-
tion of practices revealed that farmers are more 
likely to engage in off-farm jobs as a mechanism 
to lessen climate shocks. As the effects of cli-
mate change remain unpredictable, farmers 
have considered the need to “look beyond the 
farm” hence a plausible reason for off-jobs 
emerging as a substantial adaptation practice 
with remittance.  Remittance also had a strong 
positive association with irrigation farming, cul-
tivation of improved crop varieties and use of 
compost manure. 

Table 1: Influence of remittance on adaptation practices  

 Predictor variable (remittance)  
Adaptation practices (outcome)  Coefficient (ק) P value S.E  
Off-farm jobs 0.19 0.00** 0.02 
Irrigation farming 0.18 0.00** 0.03 
Cultivation of improved crop varieties  0.17 0.00** 0.05 
Use of compost/animal manure 0.14 0.00** 0.02 
Crop rotation 0.10 0.02* 0.03 
Index-Based Insurance (IBI) -0.12 0.00* 0.07 
Backyard gardening 0.90 0.05* 0.04 
Afforestation  0.13 0.04* 0.05 
Residue management  0.09 0.04* 0.03 
Altering of planting dates  0.16 0.90 0.09 
Mixed cropping  -0.16 0.90 0.08 
Base category                                                             Land fallowing 
Chi square, degree of freedom, p-value                 chi square=374.89, df=2, p=0.00, R2=0.64 
Log-Likelihood                                                        5867.30 

**p<0.01, *p<0.05 
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Conclusions and policy implications  

Several studies have pointed to the potentially 
valuable complement of remittances to broad-
based development and economic growth. In a 
disaggregate milieu, the study sought to exam-
ine the potential of remittances in financing cli-
mate change adaptation at the local level. The 
study found that remittances received are chan-
neled into areas considered as adaptation (buy-
ing of chemicals/fertilizer to use on farm, acquir-
ing extra food to supplement family needs, buy-
ing of drought tolerant maize seeds and invest in 
children education). The process to remit and re-
ceiving has number of challenges including mo-
bile network problems, travelling longer dis-
tances to redraw remittance money, limited fi-
nancial institutions, high transaction cost, and 
poor communication from intermediaries. The 
model used for the study predicted that increase 
remittances is significantly associated with off-
farm jobs, irrigation farming, cultivation of im-
proved crop varieties, use of compost/animal 
manure and crop rotation. It however, inversely 
predicted the use of Index Based Insurance. The 
study concludes that remittances are vital in fi-
nancing climate change adaptation and if appro-
priately yoked into climate intervention policies, 
can strengthened and help farmers fashion out 
adaptation strategies that present high medium 
to long-term dividends. It therefore recom-
mended that government develop the capacity 
of financial institutions and private sector for 
available formal financial institutions to be es-
tablished in rural areas to hone access to remit-
tances. The high cost of remitting should also be 
considered at the global level to promote the 
willingness to remit. Also, major mobile network 
providers should also expand and strengthened 
network systems for more smooth transactions. 
The current practices where mobile money kiosk 
operators’ chargers each transaction twice 
(rending and receiving) affect willingness to use 
formal mechanisms to remit. Such practices will 
make the informal routs more attractive than 
formal process. Finally, there is the need for fur-
ther studies to advice African government on the 

future impact of increased remittances on the 
agricultural sector since this study found that in-
crease in remittance is positively associated with 
off-farm jobs which. 
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he hilly areas of the Northern Pakistan mostly rely on subsist-
ence farming, which provides food, fodder and livelihood to the 
poor rural farmers. However, these hilly areas have generally 

poor-quality marginal land that give low yield. Since this is an arid re-
gion and crops rely on rainfall, changing rainfall patterns and frequent 
droughts result in crop failure, exposing poor farmers to multiple risks 
including loss of livelihood and food insecurity. Farmers need to adapt 
their farming practices to climate change; however, it is impossible for 
them to take-up adaptation measures without financial support as they 
lack the access to financial instruments such as low interest conces-
sional loans. The present research, therefore, proposes a self-sustain-
ing financial initiative in which adaptation finance donors would pro-
vide financial resources to facilitate climate adaptation by setting in 
motion a well-designed commercial forestry scheme (CFS).   

This CFS would enable farmers to diversify their crops to make farming 
resilient to climatic changes. As such, farmers would be compensated 
by adaptation finance donors to shift their less productive marginal 
cropland to commercial forestry. Farmer compensation includes initial 
plantation cost, monthly payment to manage the plantation in the non-
yielding period of CFS, and a share in CFS wood (as an incentive) at the 
end of the scheme. On the other hand, adaptation finance donors 
could benefit from the sale of sustainably certified wood (at a pre-
mium) and CERs (certified emission reductions) against carbon offset 
achieved through tree plantation. CFS also has ancillary (social) bene-
fits such as increased biodiversity, reduced soil erosion and creation of 
carbon sink which make CFS a socially optimal proposal.  

The present research deployed discrete choice experiment (DCE)  
approach to investigate farmer willingness to adopt CFS, farmer  
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compensations (e.g., annual payment and wood 
share) required for the uptake of CFS, and the in-
centive structure under which farmers switch to 
CFS and donors lend the concessional loans. A 
primary survey which includes a piloted ques-
tionnaire and an experimental design was ad-
ministered with 450 farm households in five ru-
ral village of district Haripure. Experimental de-
sign was generated in Ngene software to create 
the choice situations from the CFS attributes, 
which include biodiversity area that farmers had 
to designate on their farm as a condition of CFS, 
CFS location on the farm, farmer wood share and 
the annual payment.     

Results summary 

Using discrete choice experiment (DCE) and a 
primary survey of 450 farmers, this study inves-
tigated the rural farmers’ willingness to adopt 
donor-funded commercial forestry schemes 
(CFS) to align their farming to climate change in 
the hilly areas of the Northern Pakistan. Results 
reveal that farmers derive disutility from existing 
farming practices, which is possibly due to their 
susceptibility to unfavourable weather changes 
such as droughts, implying that farmers might 
prefer to adopt the CFS as an adaptive response. 

Farmers are unwilling to pledge a biodiversity 
area, and demand significantly high compensa-
tions for designating a biodiversity area on their 
farms. This shows that farmers are interested in 
CFS for their private benefits such as crop diver-
sification rather than the improvement in biodi-
versity. Findings reveal that farmers prefer their 
own choice of CFS location on their farm and de-
mand compensation for allowing donor to 
choose the CFS location. However, farmers are 
willing to sacrifice some amount of annual pay-
ment for choosing CFS location themselves, 

which indicates farmers’ disinclination to forgo 
their control on their farmland. 

Interestingly, farmers place a positive and signif-
icant value on wood share attribute of CFS and 
are willing to forgo certain amount of annual 
payment for having a share in the wood. How-
ever, the amount of annual payment that farm-
ers are willing to forgo for each level of wood 
share is significantly lower than the monetary 
value of respective wood share. This shows that 
despite limited literacy, farmers have made ra-
tional choices while making a trade-off between 
annual payment and wood share. A more intri-
guing aspect of this result is that farmers have 
preferred wood share over annual payment, de-
spite knowing that annual payment has minimal 
risk and wood share is uncertain. While this indi-
cates that farmers are willing to take some risk 
for expected returns; it is possible that farmers 
are unsure of the timely disbursement of annual 
payment, and hence prefer wood share.  

Results of attribute interactions show that aged 
farmers and farmers with large household size 
prefer existing agricultural practices and de-
mand additional compensation to sign-up for 
CFS. Similarly, farmers with relatively large farm 
size are disinclined to designate greater biodi-
versity area without additional compensation. 
Farm households with a greater participation in 
off-farm work disliked donor choice of CFS loca-
tion on their farm and they are willing to forgo 
some amount of annual payment to be able to 
choose the CFS location themselves. Likewise, 
educated farmers prefer their own choice of CFS 
location on their farm. However, farm household 
further from the nearest market are likely to 
commit a greater biodiversity area against rela-
tively lower compensations, which implies that 
households further from market feel more vul-
nerable and are extra keen to adopt CFS. 
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Background  

he overall objective of this research project is to examine the 
stock market adaptation cost of climate change, especially for El 
Nino and flood, through measuring the equity market risk pre-

mium and/or extra cost of equity (dividend) bearing by Malaysian pub-
lic listed agro and plantation companies. The research project was car-
ried out under Adaptation Finance Fellowship Programme (AFFP) from 
September 2018 to February 2020 with the collaboration of Thailand 
Development Research Institute (TDRI), Frankfurt School - UNEP Col-
laborating Centre for Climate & Sustainable Energy Finance (FS-UNEP 
Centre), University Utara Malaysia (UUM), and International Develop-
ment Research Centre (IDRC). 

Introduction 

Climate change is an important factor that directly affects in the agri-
cultural sector. Therefore, to adapt with the climate change, agricul-
ture and plantation firms need to take different types of initiatives and 
spend in many ways, which is considered as climate change adaptation 
cost. Adaptation finance is the fund that supports to implement the 
adaptation actions towards the negative impacts of the changes of cli-
mate. There are various types of adaptation finance tools that can be 
used to reduce the risk and income loss due to the adverse climatic 
impacts, namely, equity market risk premium, crop sharing, insurance, 
future options, income stabilization programs by the government 
(Alam et al., 2010). 

In case of public listed company, it needs to bear adaptation cost in 
three stages. At the very basic level, firm need to spend money at  
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physical level adaptation, such as changing pro-
duction techniques and approaches, upgrading 
the stakeholders’ knowledge (i.e. producers, la-
bors, storage, packaging, etc.), infrastructural 
changes, innovation, etc. Then, firm need to 
spend money at accounting level, such as change 
or adjustment in the accounting system, main-
tain extra reserve fund, pay more insurance pre-
mium, pay higher cost of borrowing, diversify as-
set portfolio, etc. Finally, since the goal of public 
listed company is to maximize shareholder 
wealth by increasing stock price or maintaining 
stability in stock price, firms needs to pay extra 
risk premium or pay extra cost of equity through 
providing more dividend for climate change risk.  

In the stock market, investors expect risk pre-
mium in order to accept the higher fluctuation or 
volatility of the stock price, because it affects 
their returns (Harper, 2017). As climatic events 
have direct adverse impacts on the financial per-
formance of agro and plantation companies, it 
also increases the business risk for these compa-
nies. Therefore, to maintain stability in price, 
higher equity market risk premium and/or 
higher dividend are required (Murray, 2015; 
Bhadada, 2015). This extra risk premium and ex-
tra cost of equity, dividend, can be considered as 
the climate change adaptation cost at stock mar-
ket level. By spending this cost, agro and planta-
tion companies can maintain stock market per-
formance.  

To understand the climate change adaptation 
cost for stock market performance of public 
listed agro and plantation companies in Malay-
sia, this study empirically investigate four spe-
cific objectives – (i) examine the impact of cli-
mate change on stock market price volatility 
(market risk), (ii) find out the equity market risk 
premium (market return) for climate change 
events, (iii) examine the impact of climate 
change on the cost of equity (dividend), and  
(iv) find out the reflection of climate change on 
the stock market investor’s behavior. 

Methodology 

To fulfill the first and third objectives, the firm 
level data were collected for 33 Malaysian public 
listed plantation companies with 462 observa-
tions from the period of 2003 to 2016. For the 
climatic variables, both models considered El 
Nino and Flood as dummy variables. Here the in-
ferences were drawn based on panel regression 
models such as Pooled Ordinary Least Square 
(OLS) regression, Fixed Effect, Random Effect, 
and were used to draw inferences. Several diag-
nostic tests were considered to select the best 
models and determine the robustness of the 
models. 

For the second objective, this study conducted 
event study based on El Nino events that hap-
pened in last ten years from 2009 to 2018. The 
firm level daily stock price data for 37 compa-
nies, market index data, plantation index data, 
and El Nino (NINDSOIA Index) data were ana-
lyzed to determine risk, return and risk premium 
for the El Nino events. The risk, return and risk 
premium for plantation companies with El Nino 
Period and Non-El Nino period were compared 
with the Beta analysis. Beta is a component used 
in Capital Asset Pricing Model (CAPM) to calcu-
late the expected market return of a stock or 
portfolio. The return of the stock market was 
compared against the KLCI Index by calculating 
beta for 1 year, 5 year and 10 year period and for 
El Nino period, non El Nino period and total pe-
riod.  

To fulfill the fourth objectives, a structured ques-
tionnaire survey was conducted among the indi-
vidual investors in Malaysian Stock Market, 
Bursa Malaysia. Before design the final question-
naire a pilot test was conducted to adjust the pa-
rameters. A total 25 items were measured based 
on five-point Likert-scale, where 5 indicated 
highest and 1 indicated lowest value. To draw in-
ferences this study estimated partial least 
square structural equation modelling (PLS-SEM)  
 



 

Sources of Adaptation Finance  73 

with 5,000 bootstrapping based on finally usea-
ble 273 samples out of total 320 surveyed sam-
ples. The PLS-SEM followed two steps process, 
where initially evaluated the measurement 
model and then evaluate the path coefficient 
model. A number of diagnostic tests, such as In-
ternal Consistency Reliability, Indicator Reliabil-
ity, Convergent Validity, and Discriminant Valid-
ity, etc., were also conducted to test the validity 
and reliability of data and models. 

The firm level secondary data were collected 
from Bursa Malaysia, Bloomberg and Thomson 
Reuters DataStream; among the climate change 
variables, El Nino data were collected from Cli-
mate Prediction Center, USA, and flood collected 
from FloodList and Wikipedia. The primary sur-
vey data were collected from online question-
naire survey among the individual investors from 
Bursa Malaysia.  

For the tools of analysis, this study relied on sev-
eral softwares – Microsoft Excel, SPSS, EViews, 
STATA, and Smart-PLS.  

Results and Findings 

The findings of the first objective show that divi-
dend payout ratio, dividend yield, market value 
and long-term debt has negative and significant 
impact on stock price volatility. On the other 
hand, earnings volatility has positive and signifi-
cant impacts on stock price volatility. However, 
El Nino, flood and growth in assets are found to 
be insignificant to stock price volatility of Malay-
sian plantations companies.  

The findings of the second objective show that 
the El Nino has some mixed impact on the risk, 
return, and risk premium level, but in majority of 
the cases El Nino is not reflected in the equity 
market risk premium (market return) for Malay-
sian plantation companies.  

The findings of the third objective show that El 
Nino, firm size, liquidity and financial leverage 

are positively and significantly influenced divi-
dend payout ratio, whereby profitability and 
growth opportunity are inversely related to divi-
dend payout ratio, and flood has no significant 
impact on dividend payout ratio of Malaysian 
plantation companies.  

Finally, the findings of the fourth objective show 
that the company’s total initiatives including 
production level initiatives, business or account-
ing level initiatives, and stock market level initia-
tives have significant positive influence on inves-
tor’s behavior and decision for investment in 
agro and plantation companies in Malaysia. 
Moreover, investor’s awareness about climate 
change also has significantly positive modera-
tion effect between firm’s initiatives for adapta-
tion to climate change and investor’s decision for 
investment in agro and plantation companies in 
Malaysia.  

Conclusions and Recommendations  

The overall findings of the study show that cli-
matic events are long term phenomenon which 
has not adequate and significant instant impact 
on the stock price or market return. However, in-
vestors are aware about the negative impacts of 
climate change on the annual return of the com-
pany that causes loss or low profit for the com-
pany, and they expect compensation for the cli-
matic risk. Therefore, public listed companies 
compensate the investors through providing 
higher dividend in the adverse climatic event 
year and it also help them to maintain stability in 
stock price.  

The findings of the study has significant implica-
tions for investors, managers and policy makers. 
The findings of the study will be highly beneficial 
for capital market investors of agro-based com-
panies through develop understanding about 
the adjustment of the climatic information in the 
stock market, and the findings could assist them 
in exploring the opportunities in arbitraging. At 
the same time, the management of plantation 
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companies will get an idea about the dividend 
policy related to the climatic events and may 
consider the climate related index as one of the 
cost measurement method for equity. At the 
same time agro and plantation firms should fo-
cus on innovation and mitigation as well as diver-
sify their business portfolio to reduce the long 
run business risk due to climate change. Finally, 
the findings will help the regulatory agency and 
policy maker to improve the market efficiency 
and to achieve the United Nations’ targets of 
sustainable stock exchange initiatives in relation 
to climate change. In this regards, Securities and 
Exchange Commission (SEC) and other market 
monitoring agencies as well as broker houses 
should increase the accessibility of different 
types of climatic data to the investors and aware 
them about the potential impact of climate 
change on company performance and stock 
price. 
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