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ABSTRACT

The purpose of this study is to measure the effects of droughts and public investments in irrigation
facilities on rice production. We estimated the effects of droughts and the fraction of irrigated paddy
fields with irrigation facilities on rice yields through a panel regression model. The results showed
that the effect of drought on rice yield was negative but modest. Also, we found that increases in the
ratio of irrigated paddy fields to total paddy fields by 1% enhance rice yields by 0.025-0.035%.
However, the ratio of irrigated paddy fields to total paddy fields has insignificant effects on reducing
harmful droughts effects regardless of the conditions of irrigated paddy fields.
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Source: Information regarding SPI6 of 59 Automated Synoptic Observing system is used for the left figure.
Korean Rural Community Corporation (KRCC) provides information about areas dried out due to droughts.

Fig. 1. # of days whose SPI6<-2.5(left) and areas dried out due to droughts(right, ha)
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Table 1. Summary Statistics.

Variables Mean Std.dev Min Max
Rice yield(kg/10a) 486.0 43.07 246.0 628.0
Areas dried out due to droughts/ paddy 0.09 0.90 0.00 19.70

field areas
Drought index # of days whose SPI6 <-2.5 0.51 4.04 0.00 41.00
# of days whos.e SPI6< -2.5 an'd rate of 0.12 183 0.00 30.00

storage at Agricultural reservoir <50%
Proportion of irrigated Normal year 78.60 18.65 70.70 100.00
areas by frequency of 5 years 53.85 21.99 0.00 99.90
drought’ to paddy 7 years 49.50 22.70 0.00 99.90
0

field areas (%) Over 10 years 46.60 2325 0.00 99.90
May 16.89 1.58 9.58 19.70
Monthly June 21.07 1.99 11.88 24.71
mean of July 24.01 2.24 13.07 27.83
temperature(C) August 2454 223 1372 | 2852
September 20.10 1.78 11.65 24.55
May 99.60 52.07 6.65 448.40
Monthly accumulated June 139.80 81.48 18.38 473.50
precipitation July 336.60 178.42 58.93 1120.00
(mm) August 268.00 | 15569 | 30.19 | 1110.00
September 142.00 113.88 7.10 677.10

Note: * Trrigated area by frequency of drought represent area which is supplied water by irrigation facilities
stably in spite of drought by frequency.
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Table 2. The effects of droughts on rice yields.

Korean Journal of Agricultural and Forest Meteorology, Vol. 19, No. 4

SPI6(<-2.5) SPI16(<-2.5), R;'ite of Storage at | Areas dried out due
Variables Reservoir (<50%) to droughts
Modell Model2 Modell Model2 Modell Model2
Drought index -0.0009™" -0.0007"" -0.0012" -0.0008 -0.0011  0.00002
& (0.0003) (0.0003) (0.0007) (0.0006) (0.0014) (0.0013)
Year dummies No Yes No Yes No Yes

Note: *** p<0.01 ** p<0.05, * p<0.1 () represents the standard deviation.
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Variables

Normal year

5 years

7 years Over 10 years

Model 1 | Model 2

Model 1

Model 2 | Model 1 | Model 2 Model 1 Model 2

Proportion of
irrigated areas by
frequency of drought

0.00025" | 0.00026"
(0.00013) | (0.00013)

0.00029""
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Note 1) *** p<0.01 ** p<0.05, * p<0.1 () means the standard deviation of each estimates. * Irrigated area by
frequency of drought represent area which is supplied water by irrigation facilities stably in spite of drought
by frequency. ° Drought index means # of days whose SPI6 <-2.5.
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Appendix 1. The effects of droughts on rice yield(All estimates)

SPI6(<-2.5) SPI6(<-2.5), Railte of Storage | Areas dried out due to
Variables at Reservoir (<50%) droughts

Estimates  (Std.dev) Estimates (Std.dev) Estimates  (Std.dev)

Trend 0.00350™"  (0.00033) | 0.00342"" (0.00033) 0.00340™"  (0.00033)

May -0.00122  (0.00250) -0.00112 (0.00251) -0.00073  (0.00252)

Monthly June -0.00101  (0.00217) -0.00128 (0.00217) -0.00141  (0.00217)

mean of July 0.00989™"  (0.00197) 0.01050™" (0.00196) 0.01075™"  (0.00196)

temperature( C) August | -0.00673"  (0.00161) | -0.00692""" (0.00161) | -0.00691""" (0.00161)

September | -0.00091  (0.00197) -0.00126 (0.00197) -0.00144  (0.00197)

May -0.00021""  (0.00004) | -0.00020"" (0.00004) -0.00020™"  (0.00004)

Monthly June -0.00002  (0.00002) -0.00002 (0.00002) -0.00002  (0.00002)

accumulated July -0.00009™"  (0.00001) | -0.00008"  (0.00001) | -0.00008"  (0.00001)
precipitation

(mm) August  |-0.00018"" (0.00001) | -0.00018"" (0.00001) | -0.00018"  (0.00001)

September | -0.00019™"  (0.00002) | -0.00018""" (0.00002) | -0.00018™  (0.00002)

Drought Index -0.00090"  (0.00032) -0.00115" (0.00068) -0.00108  (0.00140)

Note: *** p<0.01 ** p<0.05, *

p<0.1

Appendix 2. The effects of droughts on rice yield with year dummies(All estimates)

Varidbles seisc<2) T sy | et
Estimates (Std.dev) Estimates (Std.dev) Estimates  (Std.dev)
Trend 0.00305™"  (0.00058) | 0.00279"" (0.00056) | 0.00854™"  (0.00084)
May 0.01023"  (0.00360) 0.01125™ (0.00355) | 0.01215™"  (0.00401)
Monthly June -0.01159™  (0.00290) | -0.01219"" (0.00288) | -0.01618"" (0.00340)
mean of July 0.00726™  (0.00332) 0.00668" (0.00330) | 0.01107™  (0.00398)
temperature('C) August -0.00812°"  (0.00334) | -0.00817""  (0.00334) | -0.00591  (0.00408)
September 0.00014 (0.00335) -0.00061 (0.00333) -0.00243  (0.00378)
May -0.00008"  (0.00005) -0.00007 (0.00005) -0.00005  (0.00005)
Monthly June -0.00008™"  (0.00003) | -0.00008"" (0.00003) | -0.00007""  (0.00003)
g:ec;‘g:t‘:‘t‘lfi July 0.00010™"  (0.00001) | -0.00010""  (0.00001) |-0.00012"" (0.00001)
(mm) August -0.00007""  (0.00001) | -0.00007""" (0.00001) | -0.00008"** (0.00001)
September | -0.00008""  (0.00002) | -0.00008""" (0.00002) | -0.00009""  (0.00002)
Drought Index -0.00066™  (0.00032) -0.00076 (0.00063) 0.00002  (0.00133)

Year dummies Yes Yes Yes

Note: *** p<0.01 ** p<0.05, *

p<0.1
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Appendix 3. The effects of irrigated areas by frequency of drought on rice yields.”

Modell Model2

Variables Normal Over 10 Normal Over 10

year 5 years 7 years years year 5 years 7 years years

0.00180 | 0.00148 | 0.00135 | 0.00134 | 0.00178 | 0.00145 | 0.00130 | 0.00128

May (0.00255) | (0.00255) | (0.00255) | (0.00255) | (0.00255) | (0.00255) | (0.00255) | (0.00255)

0.00384° | 0.00326 | 0.00301 | 0.00274 | 0.00384c | 0.00324 | 0.00298 | 0.00270

Monthly fun (0.00217) | (0.00218) | (0.00218) | (0.00218) | (0.00217) | (0.00218) | (0.00218) | (0.00218)
mean of | 0.01302" | 0.01255 [ 0.01238™" | 0.012217" | 0.01299"™" | 0.01249™" | 0.01233™" | 0.01215™"
temperature (0.00200) | (0.00201) | (0.00201) | (0.00201) | (0.00200) | (0.00201) | (0.00201) | (0.00201)
©) -0.00656""-0.00640 “|-0.00637"" |-0.00637"""|-0.00654""" |-0.00637""" | -0.00633""| -0.00633 """
Aug (0.00165) | (0.00164) | (0.00164) | (0.00164) | (0.00165) | (0.00165) | (0.00164) | (0.00164)

-0.00122 | -0.00112 | -0.00109 | -0.00109 | -0.00121 | -0.00110 | -0.00107 | -0.00106

Sep (0.00202) | (0.00202) | (0.00202) | (0.00202) | (0.00202) | (0.00202) | (0.00202) | (0.00202)
-0.00020"" [-0.00020 “**|-0.00020""*|-0.00020""" [-0.00020""" |-0.00020"** | -0.00020""" | -0.00020"""

May (0.00004) | (0.00004) | (0.00004) | (0.00004) | (0.00004) | (0.00004) | (0.00004) | (0.00004)
-0.00008"" [-0.00008 “*|-0.00008"""|-0.00008""" [-0.00008""" |-0.00008"** | -0.00008 """ | -0.00008"""

Monthly fun (o.ooooz*) (0.00002) | (0.00002) | (0.00002) | (0.00002) | (0.00002) | (0.00002) | (0.00002)
accumulated | | -0.00008"""|-0.00008 | -0.00008™" [-0.00008"""|-0.00008"""|-0.00008""* | -0.00008"*" | -0.00008""*
precipitation (0.00001) | (0.00001) | (0.00001) | (0.00001) | (0.00001) | (0.00001) | (0.00001) | (0.00001)
(mim) Aug -0.00019"1-0.00019 *|-0.00019""|-0.00019"""|-0.00019"*"|-0.00019"""|-0.00019""| -0.00019""*
(0.00001) | (0.00001) | (0.00001) | (0.00001) | (0.00001) | (0.00001) | (0.00001) | (0.00001)
-0.00020"" [-0.00020 “**|-0.00020""*|-0.00020""" [-0.00020""" |-0.00020"** | -0.00020""" | -0.00020"""

Sep (0.00002) | (0.00002) | (0.00002) | (0.00002) | (0.00002) | (0.00002) | (0.00002) | (0.00002)

sk

Proportion of [0.00025 “*| 0.00028 0.00032"" | 0.00035™*" | 0.00026" | 0.00028"" | 0.00033"" | 0.00035™""

irrigated areas by

ffeg“encg of | (0.00013) | (0.00010) | (0.00010) | (0.00010) | (0.00013) | (0.00010) | (0.00010) | (0.00010)
rought

-0.00049 | -0.00054 " | -0.00057 *|-0.00058 *| -0.00006 | -0.00015 | -0.00014 | -0.00013

Drought index”
(0.00033) | (0.00033) | (0.00033) | (0.00033) | (0.00081) | (0.00065) | (0.00063) | (0.00060)

Drought indexx
Proportion of
irrigated areas by

frequency of (0.00001) | (0.00001) | (0.00001) | (0.00001)
drought

-0.00001 | -0.00001 | -0.00001 | -0.00001

Note 1) *** p<0.01 ** p<0.05, * p<0.1 () means the standard deviation of each estimates. * Trrigated area by
frequency of drought represent area which is supplied water by irrigation facilities stably in spite of drought
by frequency. ° Drought index means # of days whose SPI6 <-2.5.
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Appendix 4. The effects of irrigated areas by frequency of drought on rice yields with year dummies.”

Modell Model2

Variables Normal Over 10 | Normal Over 10
5 years 7 years 5 years 7 years
year years year years

0.01022"" | 0.01020"" | 0.01016™ | 0.01013™" | 0.01013"" | 0.01016™ | 0.01008™" | 0.01003™"
(0.00360) | (0.00360) | (0.00360) | (0.00360) | (0.00360) | (0.00360) | (0.00360) | (0.00360)
-0.01154™"1-0.01162"|-0.01158™"|-0.01151"""|-0.01153"""|-0.01163""|-0.01158™"|-0.01152""
Monthly (0.00291) | (0.00290) | (0.00290) | (0.00290) | (0.00291) | (0.00290) | (0.00290) | (0.00290)
mean of | 0.00729™ | 0.00729™ | 0.00734™ | 0.00732™ | 0.00730" | 0.00729™" | 0.00735™ | 0.00734"
temperature (0.00332) | (0.00332) | (0.00332) | (0.00332) | (0.00332) | (0.00332) | (0.00332) | (0.00332)
©) -0.00806™ | -0.00822"" | -0.00825™" | -0.00826™" | -0.00805™ | -0.00821"" | -0.00825™" | -0.00827""
(0.00334) | (0.00334) | (0.00334) | (0.00334) | (0.00334) | (0.00334) | (0.00334) | (0.00334)
-0.00014 | -0.00012 | -0.00017 | -0.00020 | -0.00019 | -0.00016 | -0.00022 | -0.00026
(0.00336) | (0.00336) | (0.00335) | (0.00335) | (0.00336) | (0.00336) | (0.00336) | (0.00335)
-0.00008" | -0.00008" | -0.00008" | -0.00008" | -0.00008" | -0.00008" | -0.00008" | -0.00008"
(0.00005) | (0.00005) | (0.00005) | (0.00005) | (0.00005) | (0.00005) | (0.00005) | (0.00005)
-0.00008""" [-0.00008""" | -0.00008"** | -0.00008""" [-0.00008""" |-0.00008"** | -0.00008"*" | -0.00008"*"
Monthly (0.00003) | (0.00003) | (0.00003) | (0.00003) | (0.00003) | (0.00003) | (0.00003) | (0.00003)
accumulated | | -0.00010""[-0.00010"|-0.00010™" | -0.00010""" {-0.00010""" | -0.00010""" |-0.00010™"| -0.00010™"
precipitation (0.00001) | (0.00001) | (0.00001) | (0.00001) | (0.00001) | (0.00001) | (0.00001) | (0.00001)
(mm) -0.00007""|-0.00007"**|-0.00007"" | -0.00007"*" | -0.00007"*" | -0.00007""" |-0.00007""| -0.00007"*
(0.00001) | (0.00001) | (0.00001) | (0.00001) | (0.00001) | (0.00001) | (0.00001) | (0.00001)
-0.00008""" [-0.00008™"" | -0.00008"** | -0.00008""" [-0.00008""" |-0.00008"** | -0.00008""" | -0.00008"*"

(0.00002) | (0.00002) | (0.00002) | (0.00002) | (0.00002) | (0.00002) | (0.00002) | (0.00002)

May

Jun

Aug

Sep

sk

Jun

Aug

Sep

~ Proportion of 000005 | -0.00009 | -0.00012 | -0.00013 | 0.00006 | -0.00009 | -0.00011 | -0.00013
irrigated areas by

frequency of

drought (0.00012) | (0.00009) | (0.00010) | (0.00009) | (0.00012) | (0.00009) | (0.00010) | (0.00009)

-0.00066"" |-0.00065 “*|-0.00065 **[-0.00065 | -0.00013 | -0.00034 | -0.00031 | -0.00033

Drought index”
(0.00032) | (0.00032) | (0.00032) | (0.00032) | (0.00071) | (0.00057) | (0.00056) | (0.00054)

Drought indexx
Proportion of
irrigated areas by

-0.00001 | -0.00001 | -0.00001 | -0.00001

frequency of (0.00001) | (0.00001) | (0.00001) | (0.00001)
drought
Year dummies Yes Yes Yes Yes Yes Yes Yes Yes

Note 1) *** p<0.01 ** p<0.05, * p<0.1 () means the standard deviation of each estimates. * Irrigated area by
frequency of drought represent area which is supplied water by irrigation facilities stably in spite of drought
by frequency. ® Drought index means # of days whose SPI6 <-2.5.
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