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Climate Change: El Nino Effect
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El Nino Effect in Sri Lanka

“The unprecedented scale of the flooding is partially linked
to the EI Nino phenomenon.... Sri Lanka has experienced...
sudden heavy rains and storms resulting in flooding and
landslides.”

- UNOCHA, 2016



Relevant Literature

0]

Dell, Jones, and Olken (JEL, 2014): A survey paper on the
economic impacts of climate change.

Costinot, Donaldson and Smith (JPE, 2016): The effect of
climate change on crop agriculture amounts to a 1.8 percent
reduction in global GDP

Deschenes and Greenstone (AER, 2007): Climate change
will increase agricultural profits by $1.3 billion.

Huang and Rozelle (AJAE, 1995): Environmental factors
(erosion, salinity, and soil exhaustion) contribute to the
decline in the rate of increase of yields in China.




Relevant Literature

0]

Kawasaki and Uchida (AJAE, 2016): Climate change
increases farm revenues by improving yield but decreases

revenues as a result of deteriorating quality.

Rosenzweig and Parry (Nature, 1994): Climate change
leads to a substantial decrease in crop production in
developing countries, and adaptation measures by farmers
do little to reduce such adversity.

Kawasaki (AJAE, 2018): Double cropping holds potential as
an adaptation strategy.
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Key Contributions

o Our identification strategy exploits flood intensity across
space over time, and is likely to estimate the causal impact
of floods on agriculture.

o We factor out the adaptation effect of floods, i.e., both
treatment and control groups were exposed to floods in the
last ten years.

0 The extent of crop area is an adaptation strategy of
agriculture to flood hazard in Sri Lanka.



Data and
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Study Area: Selection Criteria

Flood Severity Map in Sri Lanka
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Study Area: Selection Criteria

Selected Pilot Sites in Sri Lanka | | selected Agricultural Plots
in Galle District
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We randomly pick 125
agricultural plots from
each of four districts
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Study Area: Selection Criteria

Selected Agricultural Plots
in Gampaha District
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The 2016 Flood in Sri Lanka: Satellite Rainfall Estimates

in Gampaha District

o 301,602 people were affected across 22
districts (DMC, 2016).

o Death toll: 104 people

o 185,933 people in 295 evacuation n 7 |
centres (WHO, 2016). R

o 128,000 houses were impacted, with

30,000 in need of reconstruction (OCHA,
2016)
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Data on the Measure of Flood Severity

o Data on Rainfall and

Temperature: L.
=  Department of Meteorology, Sri s
Lanka

o Data on Satellite-derived Water-
height of the 2016 Flood:

=  Flood Extent Map, Disaster
Management Centre, Govt. of Ground ]
) Flood-wat Flood-water
Sri Lanka Suyface ood-water height

Surface Elevation
=  Digital Elevation Model (DEM)
Data, the United States
Geological Survey




Econometric

Specifications

2 MONASH University




@ We use a Difference-in-differences (DID)

estimator:
Y = cons + BiTreat;; + B,Postflood;; + B3Treat;;x Postflood;; + €;;

i

Crop Coefficient
Yield of interest
where,

i = Individuals

t = 2015, 2017

£ = Disturbance Term

*  We also include the following covariates in the model:
» District Fixed Effect
» Crop-specific Fixed Effect
» Crop Cultivation Period
» Amount of Fertilizers
» Land Ownership

» Household Size
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Sample Size: Treatment vs. Control

Treatment

HGalle: Baseline 125 & Endline 100 (due to mis-reporting)
B Gampaha: Baseline 125 & Endline 124

Control

B Kegalle: Baseline 125 & Endline 125
B Monaragala: Baseline 125 & Endline 125



Descriptive Statistics

Farmers’ Double Cropping Decision

B Treatment Group:
— Baseline: 85 out of 224 farmers (38 percent)

— Endline: 88 out of 224 farmers (39 percent)
B Control Group:

— Baseline: 68 out of 250 farmers (27 percent)
— Endline: 62 out of 250 farmers (25 percent)



Descriptive Statistics

Farmers’ Double Cropping Decision

B Treatment Group:

— Baseline: 3628.86 (Sgm)

— Endline:  5143.74 (Sqm)
B Control Group:

— Baseline: 8070.85 (Sgm)
— Endline: 6652.02 (Sgm)



Parallel Trend Assumptions

Get the figure

B http://www.statistics.gov.lk/agriculture/Paddy%20Statistics/Padd
yStats.htm



Table 1: Descriptive Statistics: Treatment and Control Characteristics

Treatment Control Difference Standard Error
) @ 3) @
Demographic Characteristics:
Household Size 4.29 4.41 -0.12 0.14
Married 0.04 0.08 -0.04 0.03
Age of Household Head 54.51 55.78 -1.27 1.32
Number of Male Household Members 2.08 2.23 -0.15 0.10
Household Members Aged 50+ 1.75 1.75 0 0.08
Literate 1.00 1.00 0 0.00
Economic Characteristics:
Land Area (metersq) 8960.80 7949.55 1011.25 1002.26
Weekly Income (USD) 48.23 49.48 -1.25 3.03
Agriculture-related Characteristics:
Paddy Production (kg) 2443.82 2748.64 -304.82 308.059
Non-paddy Production (kg) 4540.47 4090.02 450.45 1179.05
Total Land Area (metre?) 8262.70 8374.93 -112.23 1396.21
Cultivation Period (months) 7.10 7.33 -0.23 0.63
Volume of Fertilizer (kg) 632.57 558.32 74.25 98.95
Number of Crops Produced 1.31 1.36 -0.05 0.07
Behavioural Characteristics:
Willingness to Take Risk 5.82 7.23 -1.41 0.18
Life Satisfaction 6.30 6.93 -0.63 0.16
Flood-related Characteristics:
Flood Exposure Dummy 1.00
Household Level Flood Water Height (meter) 3.69
Village Level Flood Water Height (meter) 3.27
Extreme Rainfall During the Flood 9.94




Table 2:

Floods on Agriculture: District Level Treatment Dummy

Log Crop Log Paddy Production Log Non-paddy Paddy Non-paddy Yield
Area Production Yield
@) (2) “) ) (6) @) () ©) (10)
Treatment District -0.43™* -0.12" -0.58™ -0.20™* -0.26 -0.51" -0.14™ -0.12™ 0.41 -0.15
0.11) (0.047) (0.11) (0.070) (0.29) (0.27) (0.034)  (0.035) (0.36) (0.45)
After -0.064™ -0.083™* 0.014 0.040 -0.24" -0.24 0.029 0.027 0.42 0.66
(0.028) (0.023) (0.042) (0.032) (0.13) (0.16) (0.020)  (0.021) (0.52) (0.60)
Treatment District x 0.120™ 0.120"* -0.020 -0.120"* 0.260 0.0099 -0.052*  -0.056" -0.750 -1.07*
After (0.052) (0.040) (0.059) (0.047) (0.22) (0.21) (0.028)  (0.031) (0.60) (0.63)
Total Cultivation 0.0025
Period (month) (0.0045)
Log Land Area 0.38™ -0.056" -0.56™" -0.092" -1.81"
Owned (metre?) (0.039) (0.030) (0.15) (0.024) (0.55)
Household Size 0.0090 -0.026 -0.013 -0.0031 0.19
(0.013) (0.017) (0.055) (0.011) (0.23)
Log Total Crop 0.30™"
Production (0.036)
Paddy Cultivation 0.025™ 0.0091
Period (month) (0.012) (0.0070)
Log Fertilizer for 0.25"" 0.045™*"
Paddy (0.044) (0.017)
Log Paddy Cultivated 0.65""
Area (metre?) (0.053)
Non-paddy Cultivation 0.014 0.024
Period (month) (0.022) (0.056)
Log Fertilizer for 0.69"" 0.47"
Non-paddy (0.10) (0.21)
Log Non-paddy Cultivated 0.52"*"
Area (metre?) (0.13)
Observations 869 802 863 796 305 288 863 796 311 293




Table 3: Village Level Flood-water Height Measure of Treatment

@) (2) 3) “) () () ) () 0©) (10)
Log Crop Log Paddy Production Log Non-paddy Production Paddy Non-paddy Yield
Area Yield
Flood-water Height in -0.024 0.0087 0.0054 0.0080 -0.21" -0.033 -0.0024 -0.0032 0.056 0.12
village (0.032) (0.019) (0.030) (0.017) (0.11) (0.077) (0.0087) (0.0091) (0.15) (0.16)
After -0.038 -0.065"" 0.028 0.027 -0.13 -0.085 0.024 0.023 0.26 0.50
(0.029) (0.024) (0.038) (0.030) (0.12) (0.14) (0.018) (0.020) (0.36) (0.45)
Flood-water Height in 0.028" 0.036™" -0.022 -0.041™ 0.037 -0.13* -0.018™ -0.021™* -0.23 -0.39™
Village x After (0.015) (0.012) (0.017) (0.013) (0.067) (0.053) (0.0071) (0.0075) (0.14) (0.16)
Total Cultivation 0.0029
Period (month) (0.0044)
Log Land Area 0.38™ -0.058" -0.57"* -0.093** -1.83"
Owned (metre?) (0.039) (0.030) (0.15) (0.024) (0.55)
Household Size 0.010 -0.027 -0.021 -0.0038 0.19
(0.013) (0.017) (0.054) (0.011) (0.23)
Log Total Crop 0.30™"
Production (0.037)
Paddy Cultivation 0.024™ 0.0091
Period (month) (0.012) (0.0067)
Log Fertilizer for 0.25"* 0.045™
Paddy (0.044) (0.017)
Log Paddy Cultivated 0.65""
Area (metre?) (0.053)
Non-paddy Cultivation 0.011 0.026
Period (month) (0.022) (0.057)
Log Fertilizer for 0.69"* 0.48"
Non-paddy (0.10) (0.22)
Log Non-paddy Cultivated 0.53""
Area (metre?) (0.13)

N 869 802 863 796 305 288 863 796 311 293




Table 4: Floods on Agriculture: Plot Level Treatment Dummy

1) (2) (3) “) (5) (6) ) () &) (10)
Log Crop Log Paddy Production Log Non-paddy Production Paddy Non-paddy Yield
Yield
Flood Dummy -0.043 -0.023 0.12 0.084 -0.26 0.23 0.015 0.012 0.85 111"
(0.11) (0.065) (0.11) (0.064) (0.38) (0.25) 0.031)  (0.032) (0.61) (0.65)
After -0.027 -0.056™ 0.036 0.017 -0.14 -0.066 0.020 0.018 0.37 0.65
(0.031) (0.023) (0.037) (0.029) (0.13) (0.13) (0.018)  (0.020) (0.36) (0.44)
[ Flood Dummy x 0.075 0.11™ -0.12% -0.13"" 0.16 -0.57"" -0.058™ -0.069" -1.317 -2.05™
After (0.071) (0.050) (0.070) (0.048) (0.29) (0.20) (0.026) (0.028) (0.67) (0.72)
Total Cultivation 0.0024
Period (month) (0.0044)
Log Land Area 0.38"" -0.055" -0.58"™" -0.092"** -1.84™
Owned (metre?) (0.039) (0.030) (0.15) (0.024) (0.54)
Household Size 0.010 -0.026 -0.015 -0.0038 0.20
(0.013) (0.017) (0.056) (0.011) (0.23)
Log Total Crop 0.30"*"
Production (0.037)
Paddy Cultivation 0.024*" 0.0091
Period (month) (0.012) (0.0068)
Log Fertilizer for 0.25"* 0.045™*
Paddy (0.044) (0.017)
Log Paddy Cultivated 0.65""
Area (metre?) (0.053)
Non-paddy Cultivation 0.013 0.028
Period (month) (0.022) (0.056)
Log Fertilizer for 0.70"** 0.49™
Non-paddy (0.10) (0.22)
Log Non-paddy Cultivated 0.53""
Area (metre?) (0.13)
N 869 802 863 796 305 288 863 796 311 293




Table 5: Plot Level Flood-water Height Measure of Treatment

) (2) 3) “) (5) (6) @ () ©) (10)
Log Crop Log Paddy Log Non-paddy Paddy Non-paddy
Area Production Production Yield Yield
Flood-water Height -0.019 -0.0017 0.013 0.0057 -0.11 -0.0047 -0.00092 -0.0024 0.22 0.27
(0.028) (0.018) (0.026) (0.015) (0.092) (0.065) (0.0070) (0.0072) (0.19) (0.20)
After -0.026 -0.054™ 0.028 0.0081 -0.10 -0.11 0.017 0.013 0.33 0.56
(0.030) (0.023) (0.037) (0.028) (0.13) (0.13) (0.017) (0.019) (0.35) (0.43)
Flood-water Height x 0.019 0.026" -0.022 -0.024™ 0.030 -0.098" -0.0099" -0.011" -0.30 -0.45™
[ After (0.018) (0.014) (0.018) (0.012) (0.065) (0.049) (0.0059) (0.0061) (0.19) (0.20)
Total Cultivation 0.0024
Period (month) (0.0044)
Log Land Area 0.38™ -0.057" -0.57"" -0.093™* -1.84™
Owned (metre?) (0.039) (0.030) (0.15) (0.024) (0.54)
Household Size 0.010 -0.027 -0.020 -0.0040 0.19
(0.013) (0.017) (0.055) (0.011) (0.23)
Log Total Crop 0.30™"
Production (0.036)
Paddy Cultivation 0.024™ 0.0089
Period (month) (0.012) (0.0068)
Log Fertilizer for 0.25™ 0.045™
Paddy (0.044) (0.017)
Log Paddy Cultivated 0.65™"
Area (metre?) (0.053)
Non-paddy Cultivation 0.014 0.029
Period (month) (0.022) (0.057)
Log Fertilizer for 0.69"" 0.48"
Non-paddy (0.10) (0.22)
Log Non-paddy Cultivated 0.52"*"
Area (metre?) (0.13)
N 869 802 863 796 305 288 863 796 311 293




Table 6: Plot Level Extreme Rainfall Measure of Treatment

A (2) A3) “) (5) (6) @) 8) ) 10)
Log Crop Log Paddy Production = Log Non-paddy Production Paddy Non-paddy Yield
Area Yield
Extreme Rain During -0.0037 -0.0015 0.012 0.0082 -0.025 0.030 0.0011 0.00089 0.082 0.12*
Flood (0.011) (0.0060) (0.010) (0.0066) (0.035) (0.024) (0.0029) (0.0030) (0.053) (0.058)
After -0.016 -0.035 0.031 0.011 -0.13 -0.15 0.013 0.011 0.22 0.41
(0.030) (0.023) (0.036) (0.028) (0.13) (0.13) (0.017) (0.019) (0.34) (0.43)
Extreme Rain During 0.0034 0.0038 -0.0098" -0.011™ 0.015 -0.029" -0.0030 -0.0039™ -0.078 -0.12*
Flood x After (0.0049) (0.0037) (0.0052) (0.0037) (0.020) (0.015) (0.0019) (0.0019) (0.048) (0.052)
Total Cultivation 0.0024
Period (month) (0.0045)
Log Land Area 0.38"* -0.055" -0.56"" -0.093** -1.82"
Owned (metre?) (0.039) (0.030) (0.15) (0.025) (0.55)
Household Size 0.0094 -0.026 -0.0082 -0.0037 0.22
(0.013) (0.017) (0.056) (0.011) (0.23)
Paddy Cultivation 0.024™ 0.0088
Period (month) (0.012) (0.0069)
Log Fertilizer for 0.25"" 0.045™"
Paddy (0.044) (0.017)
Log Paddy Cultivated 0.64™"
Area (metre?) (0.053)
Non-paddy Cultivation 0.014 0.028
Period (month) (0.022) (0.057)
Log Fertilizer for 0.70"" 0.48™
Non-paddy (0.10) (0.22)
Log Non-paddy Cultivated 0.52""
Area (metre?) (0.13)
N 869 802 863 796 305 288 863 796 311 293




Table 7: Potential Mechanism: Double Cropping in the Aftermath of Flood

Q) 2 3) “ (6) (6) (7 ® (€)] (10)
Double Log Secondary Double Log Secondary Double Log Secondary Double Log Secondary Double Log Secondary
cropper Crop Cultivated cropper Crop Cultivated cropper Crop Cultivated  cropper Crop cropper Crop Cultivated
Area (metre2) Area (metre2) Area (metre2) Cultivated Area (metre2)
Area (metre2)
Treatment District 0.036 -0.86
(0.079) (0.80)
Flood Dummy -0.00021 -0.40"
(0.019) (0.21)
Flood-water Height 0.0016 -0.084
(0.0045) (0.051)
Flood-water Height in 0.0026 -0.056
Village (0.0051) (0.057)
Extreme Rain During 0.00043 -0.034"
Flood (0.0018) (0.020)
After 0.016 -0.097 -0.011 -0.20 -0.0028 -0.18 -0.0068 -0.15 -0.0072 -0.11
(0.020) (0.20) (0.013) (0.14) (0.012) (0.14) (0.012) (0.13) (0.012) (0.14)
Treatment District x -0.030 013
4 After (0.023) (0.23) R
Flood-water Height in 0.0011 0.12*
Village x After (0.0046) (0.051)
Flood Dummy x -0.012 0.44™
After (0.017) (0.20)
Flood-water Height x -0.0012 0.100™
After (0.0043) (0.049)
Extreme Rain During -0.0003 0.027"
Flood x After (0.0015) (0.016)
295 295 295 295 295 295 295 295 295 295

\N




Table 8: Potential Mechanism: Willingness to Take Risks

A) 2) “) () (6) () ®) ©) 0)
Dependent Variable: Willingness to Take Risk
Treatment District 22,16 -2.09""
0.18)  (0.19)
After -0.27™  -0.30"" -0.24* -0.27*" -0.24™ -0.26" -0.24*" -0.26™ -0.23" -0.26"
0.091)  (0.10) 0.072)  (0.081)  (0.074) (0.083) (0.071) (0.079) (0.069)  (0.077)
Treatment District x 02T 023
After [ 0.10)  (0.11)
Log Land Area 017" 0.17" 0.17" 0.17" 0.17"
Owned (metre2) (0.095) (0.095) (0.095) (0.096) (0.096)
Household Size -0.020 -0.021 -0.026 -0.022 -0.028
(0.055) (0.055) (0.056) (0.055) (0.056)
Flood-water Height -0.022 -0.029
in Village 0.069)  (0.071)
Flood-water Height in 0.063" 0.066™
Village x After [ 0.027)  (0.029) ]
Flood Dummy -0.33 -0.37
(0.23) (0.24)
Flood Dummy x After 024" 024*
(0.14) (0.15)
Flood-water Height -0.057 -0.059
(0.054) (0.056)
Flood-water Height x 0.067 0.060"
After (0.030) (0.031)
Extreme Rain During -0.039* -0.042"
Flood 0.021)  (0.022)
Extreme Rain During 0.023™ 0.024™
Flood x After [ (0.012)  (0.012) )
N 920 845 920 845 920 845 920 845 920 845 )




Appendix A2: Potential Mechanism: Flood Interacting with

the Willingness to Take Risks

(1) 2)

(€) (4)

) (6)

[

Log Crop Area Log Paddy Cultivated Log Paddy
Area (metre?) Yield
Flood Dummy 0.34 0.27 0.21 -0.10 -0.14 -0.13
(0.33) (0.17) (0.32) (0.21) (0.10) (0.11)
After 0.12 -0.059 0.16 -0.13 -0.015 -0.042
(0.18) (0.11) (0.20) (0.16) (0.093) (0.097)
Flood Dummy x After -0.41 -0.30" -0.27 0.28 0.19 0.21
(0.30) (0.17) (0.31) (0.22) (0.12) (0.13)
Willingness to Take Risk 0.15™ 0.037" 0.13™ -0.00033 0.0026 -0.0011
(0.026) (0.015) (0.027) (0.018) (0.0088) (0.0094)
Willingness to Take Risk x -0.019 0.00019 -0.015 0.021 0.0052 0.0086
After (0.025) (0.014) (0.029) (0.021) (0.012) (0.013)
Flood Dummy x Willingness -0.060 -0.048" -0.011 0.029 0.025 0.024
to Take Risk (0.050) (0.026) (0.050) (0.033) (0.018) (0.019)
Flood Dummy x Willingness 0.081" 0.073" 0.018 -0.068" -0.042" -0.046™
to Take Risk x After (0.046) (0.029) (0.049) (0.036) (0.019) (0.021)
N 842 776 836 770 836 770




Table 9: Robustness Checks: Number of Crops and Life Satisfaction

3)

Number of Crops Cultivated Per Year

) (10)

Life Satisfaction

kokok

-0.11
(0.033)

(0.075) (0.089) (0.085)

1)

Treatment District -0.36™

(0.081)
After -0.22"

(0.033)
Treatment District x After [ 0.34™"

(0.054)
Flood Dummy

Flood Dummy % After

Flood-water Height

Flood-water Height x After
Extreme Rain During Flood
Extreme Rain During Flood x After
Flood-water Height in Village

Flood-water Height in Village x After

-0.17"
(0.100)

0.038  -0.11
(0.084) (0.083)

0.207""
(0.070)

J

0.035
(0.050)

-0.081" ]
(0.046)

0.0096
(0.019)

-0.0047
(0.013)

N 948

948

912 912




Table 10: Sources of Heterogeneity

Dependent Variable: Log Crop Area

Income Income HH with Children HH without Children Rural Urban  Village with ~ Village without
Below Above Non-farm Non-farm
the Mean  the Mean Activity Activity
) 2 &) Q) (N ® 9 (10)
Treatment -0.37" -0.62"™ -0.49* -0.38" -0.60"*" -0.0098 -0.45™ -0.42"*
District (0.13) (0.16) (0.21) (0.12) (0.13) (0.17) (0.17) (0.13)
After -0.078" -0.052 -0.046 -0.061" -0.060" -0.10" -0.14* -0.052
(0.044) (0.057) (0.043) (0.035) (0.032) (0.060) (0.054) (0.042)
Treatment 0.18" 0.044 -0.051 0.11" 0.16™" 0.084 0.23™ 0.068
District x After (0.089) (0.078) (0.12) (0.066) (0.060) (0.11) (0.11) (0.070)
N 428 441 235 634 586 248 252 609
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Summary

* The flood-affected farmers experience adverse effect on crop
yield.

« Such adverse effect is driven by an increase in total cultivated
area.

 The flood-affected farmers are more willing to take risks.
« The life satisfaction is decreased by the flood shock.

* The high income earners in agriculture are somewhat resilient
to flood.
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