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Analysis of Spring Drought Using NOAA/AVHRR NDVI for North Korea
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Abstract

Different vegetation indices from satellite images have been used for monitoring drought damages, and this
study aimed to develop a drought index using NOAA/AVHRR NDVI(Normalized Difference Vegetation Index)
and to analyze the temporal and spatial distribution of spring drought severity in North Korea from 1998 to
2001. A new drought index, DevNDVI(Deviation of NDVI), was defined as the difference between a monthly
NDVI and average monthly NDVI at the same cover area, and the DevNDVI images at all years except for
2001 demonstrated the drought-damaged areas referred from various domestic and foreign publications. The
vegetation of 2001 showed high vitality despite the least amount of rainfall among the target years, and the
reason was investigated that higher temperature above normal average would shift the growing stages of plants
ahead. Therefore, complementary methods like plant growth models or ground survey data should be adopted in

order to evaluate drought-induced plant stress using satellite-based NDVI and to make up for the distortion induced
by other environments than lack of precipitation.
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Fig. 1 Flowchart of drought evaluation using AVHRR/NDVI

(Maximum NDVD2} H93igict. 22)3 7183t 94
B AR A wet 2 dolgkz TRt NDVI
E4E& YehiA st oid whEEs AX geo)
71&2] st7) aiA e Ee] A= MNDVIE ¥
w3t Zeg 1 Yol 71& NDVI(RefNDVI: Referenced
NDVDE 2738kt 7Ha<] H7He 48 RefNDVI
oF T NDVICE] o224 UehfA =t B34
A A4S YERE RefNDVIRLE & NDVIE
Uehlis 49 7RE2Ed A7) gl Ao 7153t
T %1, 9oz W NDVIE Uehj:s A B7
Q1 A &Y 20| n|gshs AolBE 7[R ¢
g Gl Qe Ao w3 = QU B o)A
= 9] zlo[& 2] ()€} Zro] DeyNDVI(Deviation of
NDVDE Aoja}gict.

DevNDVI

Y

= RefNDVI, — MNDVI, , (2)

o7)A, m& A} Yol y= At Aot}

O] OS2 DevNDVIE= Zd +2.0004 -2.07H4]
9] 3+& 714tk DevNDVIZF &2 k9] 7He z+es
B 7R & HoR wrksla, 29 3 %
A%E 7IZECE AKo] Pt sHRe] o
B oFe Ao 7hEgi,

rlr

fo

il

24

3. 712 Hx|et A

2 Q7 Akt 37 S Agsket ol
A 3A T 71 7ol AAES. AR, EXEE
o} Wk= TEetA Yeth YRR A &
g& BBk AT AP, 25 24 59
EAgERAAM e 7R Brlsketl 9%E TA]
A et 58] #AY g & &2, 2AE 5
BB Wsh= 7t Awglol NDVI g &
Z3| ol 4743 7HEgeR 29d 4 Utk
JHRR dHHow o) YA offd EXEE
9| W3}E uEstolof Fth Iy FAUAHo2 FA4
9 BSAP)f o] EXHEHEE PAISH7] of
2e Euh ofet qigAIgo] Bitolzhs 544 Al
YU EXVEAYRE A7) FYEE2 £ A7
A 144 EXYERAE AR 7EEE 49
3 A T Y A7lde FET AN
g S deths Aol oF Sof 449 A
) AdET =4 T2 sEA APHYAY A
7 A A=A sto] g Ao A% dA7}
24 7IZte] Hofd Al7joll dofubz ALl 7HE
9 e 45T v= Aok

7@ ARREE #Eo AMgEe T 7
A9 AVHRRAIKM = A AFH3 ©Ap} 7Hs3t
I Aae] o] £& Rt ohe} FUSH AAt A
717t LEE Qo] Aot AR s g 24
B3 QIH7A T4, 2002). NOAA/AVHRR AR
IHF7I7E 102802 313 14.13] AHE E7]
ol FUAHE 3R F ¥l A7HE] 7Hs
St dlojg HE uH]go] FHo| gtz Mo AA
NDVIE AH8817] 4 A& 713k & AR
£ A = Qs SRS A AEE 7R
2T, FHRAIETE 1.1 kmE Ao 7HERUE
Hol| Fej7t glon, /N oREE ARE A &
BE £ 9 AHE Qo B AforE B3Ry 7}

a3 =EA #4978 A6z, 2007



O_A

o - A8

Table 1 Collected AVHRR images

Table 2 Statistics of MNDVIs from 1998 to 2001

Number
of data

4

Year Acquisition date(MMDDHHMM)

1998
1999

0505xxxx, 05130541, 05230458, 05300554
05040642, 0506xxxx, 0508xxxx, 0512xxxx, 06210854
2000 05032324, 05062357, 05070710, 05072335, 05230725
2001 05120456, 05120820, 05130445, 05170404, 05282315

x: undefined information
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MNDVI; 1998 1999 2000 2001
Max +0.97 +0.45 +0.35 +0.65
Min -0.16 -0.12 -0.14 -0.16
Mean +0.27 +0.12 +0.11 +0.31
Std dev 0.11 0.07 0.07 0.13
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Table 3 Drought damage records and DevNDVI; from 1998 to 2001

Year Drought Damages DevNDVI5 Remarks
O Drought: enough rainfall A
1998 |0 Damage: no record ( o igg‘?‘) - USDA FAS
O Yield: maize: 3.04MT/ha, rice: 2.33MT/ha average =%
O Drought: little rainfall from Jan. ~May
© ?apn;a ge! (by n.orzrgf;l rainfall of June) 018—+033 | Korean Ministry of Unification,
1999 congyang. £o% ) ) ’ the Weekly North Korea(No.466)
- Pyeongan-do, Hwanghae-do, Gangwon—do: 25~ 34% (average +0.09) | _ USDA FAS
- Jagang-do, Hamkyeong-do: 50%
O Yield: maize: 2.78MT/ha, rice: 2.67MT/ha
O Drought little rainfall from May to July(just 60% of normal rainfall)
O Damage: - Korean Ministry of Unification,
2000 - struggling with high temperature -0.15~+0.38 the Weekly North Korea(No.490,
- below 50% of normal rainfall of May (average +0.09) No.492, No.499)
- Yeonbaek plain, Yeoldoosamcheolli plain - USDA FAS
OYield: maize: 2.57MT/ha, rice: 2.36MT/ha
O Drought: little rainfall from March to June
O Damage: . o
L o - try of ,
- struggling with high temperature(10~ 13°C higher than normal) Korean Vinistry of Unification
o . the Weekly North Korea(No.542,
- 72% of cultivation land damaged -0.41~+0.26
2001 . No.593)
- cultivation abandonment at 10% of farmlands (average -0.10)
. . - WFP/FAO(2001)
- drought-damaged area spreading to northern regions for - USDA FAS
May: from Nampo to Hamkyeongbuk-do
O Yield: maize: 2.88MT/ha, rice: 245MT/ha
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Fig. 4 DevNDVI; of May from 1998 to 2001

Table 4 Area distribution by DevNDVIs ranges (unit: km?

Class DevNDVI; 1998 1999 2000 2001
I +0.2~+20 4 (0.0%) 1,859 (1.5%) 4,715 (3.9%) 12 (0.0%)
I +0.1~+0.2 75 (0.1%) 48,723 (40.1%) 42,326 (34.8%) 92 (0.1%)
m -0.1~+0.1 85,449 (70.3%) 70,904 (58.4%) 74,419 (61.3%) 56,922 (46.9%)
I\ -0.2~-0.1 33,152 (27.3%) 12 (0.0%) 38 (0.0%) 56,307 (46.3%)
A -20~-0.2 2,818 (2.3%) 0 (0.0%) 0 (0.0%) 3,164 (6.7%)
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Drought Severity
{DevhDV in 19983

Drought Severity
{RevNDV in 2000)
I )

{DevNRY in 1993)
i < 5.8

Drought Severity
{DevNDV in 2001)

3

Fig. 5 DevNDVI; by administration boundaries(Si or Gun) from 1998 to 2001

oAb AAe] Agage] whEA| ZYEh =
AAlA wd 2o GRGY 9o AZUE, &
AR 9 Rl i AR 2ARE Zat 2000
W < 20019 < 19999 < 19984¥%9] &0z Y9
Zojo} 41z8] Zojzt AA Yehdti, 1 UAL A
F2d3lo| o) 459 o] w2 A o|HA7 uf
Bolgla 243ttt AAIAEAY GTS(Global
Telecommunication System)Z5E 7IAFRAA A%
3= Beb 7IARE(19761W ~ 2005W)E EASE 2

T}, 2001 Eo] UFFFEE oF 19.2 mm/month
2 J39] 40%0] AUA| §skev dHd7|o] of
8.76°C 2 HA(eF 8.24C)Ett 0.52°C 71F &SItk
(Table 5). o] W&ol A2 £} Qlo] U ddA
goln HEo| seur; Wy AE A4S RS
Zolal ket Table 5014 B3ke) B %47
£0] 1998, 2001, 1999, 1998 &o02 E9H=4
AR AAATH #HE S FEHsth 1999
Wit 200199 A7 o A 199990 Het o
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Table 5 Mean temperature and rainfall of North
Korea during Spring season

March April May
I[P E|M|L|[E|[M]L
Mean Temp.(C)|-0.91.7|35]6.8[8.9(10.9)12.814.316.0
Rainfalmm) |7.7|6.917.1|8.6 |16.8/18.522.4]25.9(21.3
Mean Temp(*C)| 4.2 3.3|5.319.6 (12.714.4/14.8[16.6/17.2
Rainfallimm) |0.1(14.3{1.2{1.3[22.8/8.830.9/6.5[8.7
Mean Temp.(*C)| 0.0 2.7 1.9{5.2 [10.0[13.4]13.4[14.6/15.7
Rainfallimm) |10.2/10.3{ 4.3(26.9(14.9) 1.2 |10.622.8[21 2
Mean Temp.(C)|-0.4] 25| 4.6 6.1{8.9]9.8 [12.0[13.1/17.9
Rainfallimm) |0.1|2.5[5.7|4.6|1.3[29.4[29.117.6{8.7

Meteorologic Data

Normal

1998

1999

2000

Mean Temp.(C)[-2.9/2.2|2.9/7.9(9.7|11.5/12.4[16.4|18.4
Rainfal(mm) |9.3|341.2]1.4]3.0[0.023.2/2.0(136
1) E: 1~10th 2) M: 11~20th 3) L: 21~ 30th(or 31th)

2001
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