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The Possibility of Drought Expression by Late March
Dryness in Rice Paddy Areas Using Terra MODIS NDVI*
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ABSTRACT

The purpose of this study is to diagnose the possibility of future drought expression
by late March dryness in rice paddy areas using Terra MODIS NDVI (Normalized
Difference Vegetation Index). We tested the degree of dryness by comparing the
2000—2015 average NDVI with yearly NDVI, which we name DCI (Dry Condition
Index). The 16—day interval DCIs from March 6 to May 25 were evaluated with
spatio—temporal expression of South Korea. In particular, we find that the DCI for April
7 (March 23 to April 7) offered reasonable prediction of paddy dryness during drought
years. The April 7 DCI value for dry conditions ranged from 0.04 to 0.08 while the DCI
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for normal conditions ranged from -0.04 to 0.01. The DCI can be one of the indicators
used to evaluate the dryness of rice paddy areas at the beginning of the spring season.

KEYWORDS : Drought Index, Dryness Index, Agricultural Drought, Normalized Difference
Vegetation Index (NDVI), Terra MODIS
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Satellite Data

Meteorological Data

MODIS NDVI (16days, 250m)
+ 15vyear Average (except droughtyear)
+ Data Periods: 2000.04 - 2015.12

Precipitation Data
+ 30vyearAverage (1981-2010)
+  Analysis Periods: 2000.01~2015.12

DCI (Dry Condition Index) development
*  NDVIvalue pattern analysis (2/2 - 7/28)
*  NDVI pixel(histogram) analysis (4/7)

* Deficit Percentage Monthly Precipitation
(accumulated from 1/1 to 4/7)
+ SPI-12

DCI application

For Normal year, Drought year(2014, 2015)
+ 16dayDCI (3/16-5/25)

Possibility of drought expression

For April every year (2000-2015)

+ DClvs. Historical Drought Recording

+  DClvs. Deficit Percentage Monthly Precipitation
* DClvs.SPI-12

FIGURE 1. Research process in this study
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FIGURE 2. Comparison of Spring season NDVI of paddy area for drought period
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FIGURE 3. Histogram of single day(4/7) NDVI of paddy area
TABLE 1. Statistical results of NDVI distribution for paddy area
Year Gangwon Gyeonggi Chungbuk
Pixel Min  Mean Max STD Pixel Mn Mean Max STD Pixel Mn Mean Max STD
nmyr 0.00 0.38 0.68 0.10 -0.20 0.30 0.65 0.09 0.07 036 062 0.09
201 -011 037 0.69 0.10 -0.30 0.26 059 0.09 0.00 0.33 064 0.09
2014 7.09 0.01 044 079 013 11,160 -019 036 0.77 0.13 6,761 014 045 079 0.13
2015 -0.08 0.42 0.75 0.12 -012 033 074 0.10 0.07 042 071 010
Year Chungnam Jeonbuk Jeonnam
Pixel Min Mean Max STD Pixel Mn Mean Max STD Pixel Mn Mean Max STD
nmyr -0.20 0.33 0.65 0.10 -019 036 0.78 0.10 -0.20 0.41 084 0.13
201 -0.30 0.30 0.63 0.10 -0.30 035 0.78 0.11 -0.30 0.38 0.80 0.16
2014 13,088 -0.18 0.38 0.79 0.13 11,131 -0.14 046 0.83 0.12 15,03 -017 050 096 0.13
2015 -0.18 039 0.76 0.11 -019 045 0.78 0.10 -019 051 093 0.12
Year Gyeongbuk Gyeongnam Jeju
Pixel Min  Mean Max STD Pixel Mn Mean Max STD Pixel Mn Mean Max STD
nmyr -0.08 0.41 0.72 0.11 -0.20 045 0.74 0.12 -019 055 076 0.12
201 -0.30 0.38 0.73 0.12 -0.30 0.40 0.76 0.13 -0.30 054 0.80 0.1
2014 14,689 -0.05 0.48 0.80 0.13 9358 -0.09 052 0.8 0.14 89 0.24 05 079 0.08
2015 -0.09 043 0.80 0.12 -019 050 0.87 0.13 010 062 088 0.09

nmyr : Normal year, STD : Standard Deviation
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FIGURE 4. Comparison of dry paddy area with DCI(2011—2015)




Terra MODIS NDVIE &-5-3F 3y =X|of HEA RS ot

7Ha7150] |l dl2 DCI7F K% el (DCIK
0.05)& Hehfigion, 7Hadolsld 20143
2015 DCI7F 7Ha7delE eIt 5¢
FE ddEE AAY Kol UL A
EEAPE AIFE] Holup B2 o]edr] 5 A
7] Q1 AfolER AAg=rEo] Yol 7HEe| 2
Foodgko]l AA EevA o] whiEl Bow
¥tk 2014, 2015\ BF dA=Aog JHE
S Helo, 53] S dRelxe] DCI
b A= DCI=0.1) ez 7HFeisrt &
How ke

HA(201D T 7R (2014, 2015) 2] A4
24 Wigks AR, = 9] 7 DCI7}
39uH(3/22) ~52%(5/9) 9 Fdrt A o}
Ehu= s o ¢ dltk 53] 49 7Y 9%
2 39 23Y9%E 49 7U7H ] AYAAEE
Bl 7o DCI7F 9538 S &
NDVIE &8 54 = A

> o B

N o

[e)
e
o 7

=

L

s

2 TREY e o/ o ol R 35
o, 42 o] e R AL U F
2% Row AzHT

g3t DCIS] 4 Wsks Asur] 9k
2011, 2014, 20152 44 7de] djste] DCI
A AA T sV AT FSES
S TH(E 2). DCIE b 7]&3 vlel 2
o] HE(1), oFskz(1D),

AFAZAD o) 3
Az PEdel £8 PEE Uehlglon], 4

E BEEL A 637 7EREAS] A7
FARE o]gste], dA7IE (IDW: inverse
distance weight method) &2 F7H)4arA1A
A7 F(Lee et al, 2016), 12 1UHE
449 239 7M1 BE FAATES TSkl
3091 (1981-2010) HWAAE UH] 2= vE&S
stk

2011d&
A FAAQ 4.7%% 3, 201437 20159
247} 35.3%, 29.8%% et 20149 Az

-

AAZA) DAL Ao &t

TABLE 2. Area distribution by DCI ranges (k) and accumulated rainfall(mm) of South Korea

in 7 April
DCl (knt) Accumulated rainfdl (mm)
Province 2011 14 2015

| Il I Total | I Il Totd | I Il Totdl el 24 215
Gang TH00 203 1145 17638 815 Hl5 5B 17633 9103 488 W5 17835 1063 1244 892
Won Bre 119 65  H0000 M8 199 (08 (o000 b6l D0 24 00 1) (62 B4H
Geong 2653 1005 505 27163 14880 % 768 2745 1753 575 43327839 B2 B5 BT
] 9461 [36] 08 oo BY 7 @78 [ood B35 8 W57 00 B4H (B9 ®9
Chng 15453 % $B3 16845 565 B3 7628 168845 6985 501 485 16845 %.1 845 1213
buk [91.7] B.7] 26 000 B0 &7 B3 [ood W A B8 000 @3 B8 @D
Chng 29730 181 %5 3295 176450 608 805 32158 14095 09 g5 30 94 BT 1288
nam [91.5] (6] 29 [0 g [9el (B8 (oo (436l 4 7 Hod 6.0 @) @0
Jeon 2305 2125 10 2720 983 695 118 2705 M5 75 12028 2768 1110 1121 138
buk [83.3] [94] 69 H00 4 B9 (48 (o0  [Peel el 438 00 @0 (98 (Y
Jeon 30863 3198 2805 36%5 124900  &15 15240 3545 11213 893 16725 360 1512 1574 269
nam [83.5] B7] 78 o0 A 29 @4 [ood 08 B3 g Hoo 9 1) @8
Geong 3230 2873 1493 3695 147030 B3 1305 3680 21823 6% 7813 365 1049 1264 1088
buk [88.1] 78] 41 000 WA B4 (%4 [ood  Bosl (90 3 o0 B3 (mh 6D
Geong 20888 138 100 23245 7 5095 8468 23033 11740 4975 655 23170 156 1398 1673
nam [39.9] ] (43 oo WA A (%8 [ood  Bo7l A rg oo G0 B2 (9
U 1853 85 143 23 1615 23 85 203 %8 58 773 298 1881 86 38
31 [105] 64 [00 [0 033 (107 (10000 [400 8 [ H00 @3 @05 (1131
Tod 194763 1655 10468 21485 940630 47915 77578 21%45 101303 5348 65743 2083 1149 105 187
[B79] 73 A7 1000 (o8 18 [H3 (000 [0 42 (08 {000 ®03 40 (9

DCI : I Normal (=2.0~0.05), II
Accumulated Rainfall © 1/1 ~ 4/7
[ 1 : Percentage of DCI area compared to total.

() : Percentage of accumulated rainfall compared to average year

© Moderately Dryness (0.05~0.1)

Il :Severely Dryness (0.1~1.0)
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TABLE 3. The results of DCI in 7 April and Historical Agricultural Drought event of Korea

Year DCI (value) Historical Drought event of Korea
GW GG CB CN JB JN GB GN JJ Avg. Area Month
2000 -0.02 -0.04 -0.04 -0.03 -0.04 -0.06 —0.05 -0.05 —0.02 —0.04
2001 0.09 0.08 011 007 0.06 005 007 0.06 0.03 007 Al 2~6
2002 0 -0.01 0 0 -0.00 001 0.01 0.03 0.02 0.0
2003 -0.01  0.05 0 0 001 0 002 003 0.00 001
2004 -0.01 -0.01 0 0 0 0.02 -0.01 0 0.01 0
2005 -0.02 -0.04 -0.02 -0.01 -0.00 0.01 0.01 0.02 0.01 —0.01
2006 -0.01 0 0 0.00 -0.00 -0.01 0 001 0 0 CN, JB, UN, GN 10
2007 0.01 0.03 001 001 0.01 0.03 0 002 001 0.0
2008 0.03 0.07 0.06 005 0.02 002 004 0.04 0.0 0.04 GW, N, GN 9-12
2009 0.02 0.01 0.08 008 0.05 002 008 0.05 -0.01 0.04 GW, N, GN 1-3
2010 -0.02 -0.04 -0.04 -0.02 -0.01 0 -0.03 -0.03 0 -0.02
2011 0 -0.04 -0.02 -0.03 -0.02 -0.03 —-0.03 -0.05 -0.03 —-0.03
47 -0.02 -0.04 -0.03 -0.03 -0.02 -0.01 -0.03 -0.03 -0.01 —0.02
2012 4/23 0.09 0.03 0.07 005 008 006 006 0.04 0.05 0.06 GG, CN. J8, N 56
2013 -0.02 -0.03 -0.03 -0.03 -0.02 -0.04 -0.02 -0.04 -0.01 —-0.03
2014 0.07 010 042 008 0.09 010 0.09 0.08 0 0.08 Al 1-12
2015 0.05 0.05 0.07 007 0.08 010 0.02 0.04 0.05 0.06 Al 1-12
GW: Gangwon, GG: Gyeonggi, CB: Chungbuk, CN: Chungnam, JB: Jeonbuk, JN: Jeonnam, GB: Gyeongbuk, GN: Gyeongnam, JJ: Jeju
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