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Long-range Forecast of the Monthly Precipitation
in Korea by the

Global Teleconnection

Ki-Hoon Kim

Department of Environmental Atmospheric Sciences,
Graduate School

Pukyong National University

Abstract

In this study we present the distribution of the correlation coefficients
between the global meteorological fields and the monthly precipitation
over South Korea, and the predictability of the monthly precipitation by
using the simple linear regression model.

Firstly, it is known that the 200hPa and 500hPa geopotential height
fields over the northern part to India on April are strongly related to
the monthly precipitation over South Korea on September. The higher
sea surface temperature over the South-China Sea is the stronger
subtropical high develop over Indian ocean and monsoon trough over
India develop. This high moves northward and persists during Asian

summer monsoon and causes to increase monthly precipitation over



South Korea on September.

Secondly, the 850hPa geopotential height over the west coast of
Mexico on January and March are strongly related to the monthly
precipitation over South Korea on Aprl. The increase of the sea
surface temperature over the Nino-3 and 4 causes the intensifying and
westward movement of the subtropical high, and the increase of the

SW wind on April in South Korea.
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2. A8 2 By

2. 1. A=

19743 %-¥ 2000742 27\ ko] k= 713 Abeh 617 23 9
g9 25 A5 E AHESAT 37 299 H5E A 1971
WRE 19733742 3 F<he] 24X e AP A5 E o] &5
. #Z A Ao BEE Fig 1914 Yepl

NCEP(National Centers for Environmental Predictions)/NCAR(National
Centers for Atmospheric Research) A4 g+ £ 7|3te] dx 1
2 9 -Ax 25 x 25 7+ZAFolw 200, 500, 850hPa 1%, &%,
B R ulg, GR AR gl A&H

SST(Sea Surface Temperature) A&+ CDC(Climate Diagnostic
Center)ol| /] #|33}+ Reconstructed Reynolds Sea Surface Temperatur
eDolm 19743 K E 1999d7b2] 261 St AA8EE 9 - A=
89N-89.5S, 1.0E-359.E22 A4 2° x 2° Ho]g o]t}

1) Reconstructed Reynolds SST data provided by the NOAA-CIRES Climate Diagnostics
Center, Boulder, Colorado, USA, from their web site at http://www.cdc.noaa.gov/
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Fig. 1. 61 observational stations (small cross) with the daily rainfall
data from 1974 to 2000 and 24 observational stations (large cross)

that used for verification with the data in Korea from 1971 to 1973.



Monthly Precipitation

of 61 stations

Averaged by spatial distribution

Covariance

Sprep 1_Sncep 1

zvy‘r:

NCEP/NCAR
Reanalysis Data

r_d:

I
[
Monthly -
Precipitation | 27y
Sprep 1
Precipitation | ||
on J: Y
2
Precipitation - Sprep
on February ||
Precipitation | || Sprep 3
on March
Precipitation I Sprep 4
on April |
Sprep 12
Precipitation -
on December |
Variance

Sprep 1: The variance of the monthly precipitation on January.
Sncep 1: The variance of the NCEP/NCAR data on January.

Sprep 1_Sncep 1: Covariance on January.

Sncep 1
NCEP/NCAR
on January
Sncep 2 NCEP/NCAR
on February
Sncep 3 NCEP/NCAR
on March
Sncep 4 NCEP/NCAR
on April
Sncep 12
NCEP/NCAR
on December
Variance

Fig. 2. Flowchart that explains the calculating method of the correlation
coefficients, covariance, and variances of monthly precipitation over South

Korea from January to December.
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548 2AE olF PrHHY 49 st e gy

Zk 71 E e A EE Table 1] goksto] R

49 200hPaz} 500hPa®] L=} 99 FutE F5F Atold] ¥ P
o 4ug el AR Aolw eszIs) dode BAYY AZ B9

atar, 193} 3¢ 850hPa 1o} 49 FRIL TPl §o Aus

Table. 1. The areas and the meteorological parameters that show the maximum
correlation coefficients with the monthly precipitation of South Korea.

Z on Apr - PCN on Sep Z on Mar - PCN on Apr
Z-PCN on Feb (Japan) .
(India Pen.) - Area A - Area B
Z(200hPa, 500hPa) Z(200hPa, 500hPa) Z(850hPa,500hPa) - California
TMP(500hPa, 850hPa) TMP(500hPa) UGRD(500hPa) - Central Pacific
UGRD(200hPa,500hPa) UGRD(200hPa,500hPa) -
VGRD(850hPa) - -

* Z indicates geopotential height, TMP is temperature, UGRD is zonal wind,
VGRD is meridional wind and PCN is precipitation in South Korea.

_11..



RS2

e, IO, ST
m—X ‘ Ly
108 5357} s
>\°_ }
e “ = £ oy
S,
%08 7ot SOE  VO0E  (TOE 120  1SOE 140  150F
b)
500 hPa COEF on Apr

T60E

170E

160

Fig. 3. Distribution of the linear correlation coefficients
between the monthly precipitation of South Korea on

200hPa b)
500hPa, and c¢) 850hPa on April. Contour interval is 0.1

September and the geopotential

and

fields at a)

regions greater than 0.5 are shaded.
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a) 850hPa COEF on Jan

b) 850hPa COEF on Mar

Apr

Fig. 4. As in Fig. 3 but for a) January, b) February, and c)
March. Regions smaller than 0 are shaded.
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a) 200 hPa COEF on Apr

0.4 T .
90E 100E 1S0E  160E  170€E

Fig. 5. As in Fig. 3 but for temperature.
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a) 850hPa COEF on Mar

b) 850hPa COEF on Apr

Fig. 6. As in Fig. 4 but for the temperature.
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3.2.1. #4499 A
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& o AT, =AM 4o FHE BAKFig 3).
nEHE AFoM dFor AFE Aol YolAE s B
Az Sehd nkghe] Wy dwte 99 Aget WHg Ado] 3l

|
o] Fig. 7914 99 77k & a9 #e & A, d3le 3+
gj o] HEgo thdt olE AHRSuh tfes Nk 9¥ G
7b B2 s)el 1981, 1990, 1999, -8 1982, 1994, 19961 o =

E

A 0] &} 31, 200hPa, 500hPa, 850hPaclA] t}9-sf¢} #-$-3f9
e 2 T
BA A3 49 200hPa 1=l A theajet ol ek n=g

(Fig. 8)2] & el BolA FAT, & S H A= A

o3l
tlo

A o] A FedEg nxgel ¥ e € 7 UL, 22
zago N oo Bl AR TIshEel AlFHol st
ettt R& 82 5 Aok 9gels o Eot =91 207 oA 3
0° Abeloll YERE 7IRHEE 3271%h)e Aol Hesng A
o] Zstd i, #H$-d B FRtE FFol JIgEe] dEy FIE
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F7F ZAEEE 8 AshHol(Fig. 9) du= 99 Frt FhskeE
AL & 5 Adrh EIF 25 =33 200hPacl A YEE Z¢ES
b 4dRE 997bA 2 Mlge] ZAstEo] B wUe] =

Hg AASE 4TS w, o2 s WWE 9Y BT HolA
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ol W3 §(1995)2 49U R wdsl: 5880gpme] #HFH S bzl
17)4S e7bAbebEl aviqtelet RS G, 99 IWE EbA
AogS w3l v 2o, -l AS 4895 H dd FH3
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gl uh 9lo], dtE FHgaiel AS 49 AEFe SSTY cooling
2 & sidelM weste obdd mrIhd dk &l 4dstEs
¢ 4 vk 99 SST ojwe|9 A st Lpbetet 17
gto] WAIEE Y S FAHoz So #HAU vEY, o2 ¥ 1
71qke} o] AAHE & F

b. 37 =¥

Aol dEg 9 99 vtk Ay b 28 489S B4
9 % = = 8)(Okhotsk)$} ¢1%E B X x| (India) 200hPa T = Zk7}o] 3
A2 S g7 o] Tt thFig. 16).

India : y = 2.7555x - 33960 (R® = 0.6239)
Okhotsk : y = 0.9637x - 10928 (R* = 0.4862)

A A %3 RY)L India®] 7% Okhotsk® U} =7 b=k &kl
= 9¥ g9 e Ae F AFY n=vF A5 w4 S 7HA
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w3 0.698 4 7tF HIFE7]) o]l AR
AzPo] e d% AZEE 2AqT oo d@ HA=st AANE
Fig. 170 e it

y = 2.4498x - 29742 (R* = 0.6909)
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Table. 2. Correlation coefficients between monthly precipitation(PCN) over
South Korea on September, the geopotential height at 200hPa over India,
and that of the Okhotsk Sea on Aprii and ADJ] which averaged by
weighting function explained in the text.

India Okhotsk ADJ PCN
India 1 0.62677 0.943164 0.789864
Okbotsk 1 0.850098 0.697282
ADJ 1 0.831217
PCN 1

Monthly Rainfall Amounts

---o---April —— September

Nomalized value
(<]
o

-100

150 |

Fig. 7. Time series of the monthly precipitation over South Korea on April (dotted)
and September (solid) for 27years.
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b) negative years, on September in ¢) positive years, and d) negative years.

200 hPa U on Sep in POS 200 hPa U on Sep in NEG

Fig. 9. The composite zonal wind fields at 200hPa on September in positive vears (left)
and in negative years (right).
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500 hPa Z on Apr in POS b) S00 hPa Z on Apr in NEG
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Fig. 10. As in Fig. 8 but for 500hPa.
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Fig. 11. As in Fig. 8 but for 500hPa temperature.
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a) 850 rPa Z on Apr in POS

b) 850 hPa Z on Apr in NEG
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Fig. 12. As in Fig.

8 but for 850hPa.

a) 850 hPa TMP on Apr in POS

b) 850 hPa TMP on Apr in NEG
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Fig. 13. As in Fig. 8 but for 850hPa temperature.
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a) 12480 GPM in POS

b) 12480 GPM in NEG

c) 5880 GPM in POS
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Fig. 14. The propagations of the 12480gpm(a, b} and 5830gpm(c, d) contours from
April to December in positive years(a, c¢) and negative years(b, d).
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a)  Deviotion Mop of SST on Ap{ nPOS-AVG ~ B)  Deviotion Mcp of ST on Apr in NEG-AVG
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Fig. 15. Distribution of SST anomalies on a) April, b) September in positive years
(left) and negative years (right). Regions greater than 0 are shaded.
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Fig. 16. Scatter diagram of the monthly precipitation on
September over South Korea and the geopotential height

at 200hPa on April over a) India and b) Okhotsk.
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Fig. 17. a) Scatter diagram of the geopotential height which is averaged
between India and the Okhotsk Sea by weighting function at 200hPa on
April, and monthly precipitation on September over South Korea. b) Time
series of observed monthly precipitation (solid) on September and the

estimated monthly precipitation (dotted) produced by the regression model.
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T-1 :y = -3.5216x + 5440.1 (R = 0.5486)
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y = -4.556x + 6984 (R® = 0.6342)

Table. 3. Correlation coefficients between monthly precipitation(PCN) over
South Korea on April, the geopotential height at 850hPa over the western
coast Mexico on January(T-1) and March(T-3), and AD] which averaged

by weighting function explained in the text.

T-3 T-1 ADJ PCN
T-3 1 0.697454 0.902274 -0.72668
T-1 1 0.938279 -0.7407
ADJ 1 -0.79637
PCN 1
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a) 850 hPo Z on Jan in POS . b) 850 hPa Z on Jan in NEG
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d) 850 hPa Z on Feb in NEG

1206

Fig. 18. As in Fig. 8 but for 850hPa geopotential fields on January (a, b), February
(c, d), March (e, f), and April (g, h).
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€) 850 hPa Z on Mor in POS ) 850 hPa Z on Mar in NEG

2) 850 hPa Z on Apr in POS h) 850 hPa Z on Apr in NEG

Fig. 18. (continued)
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b .
Deviotion Mop of SST on Jan in POS-AVG ) Deviation Map of SST on Jan in NEG-AVG

c) Deviation Map of SST on Feb in POS-AVG d) Deviation Map of SST on Feb in NEG-AVG

- oY
> =
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Fig. 19. SST anomalies on a) January c¢) February e) March g) April in positive years
and in negative years (b, d, f, h).
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g)

Deviation Map of SST on Mar in POS—AVG £ Deviation Map of SST on Mar in NEG-AVG

Deviation Map of SST on Apr in POS-AVG h) Deviation Map of SST on Apr in NEG-AVG

Fig. 19. (continued)
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Crosssection POS—NEG (lon=240)
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Fig. 20. Deviation map of Latitude-Height cross section of the
vertical velocity{Pa/s] at 240W between positive years and
negative years. Regions greater than 0 that mean upward
movement are shaded.

_37_



Mexico-JAN
50 o N

~a)

y = -3.5216x + 5440.1 |
. R? = 0.5486
200 |
- *
150 +
100
50 |
o . . ‘ . ,
149 1500 1510 1520 1530 1540 1550
Mexico-MAR b)
50 exico-M e
y = —4.3068x + 6582.1
R? = 0.5281
-
200
* *
150
100
50 -
0 . . . . .
1490 1495 1500 1505 1510 1515 1520

Fig. 21. Scatter plot

of a) 8hPa geopotential height over
the west coast of Mexico on January and b) on March

and monthly precipitation over South Korea on April.
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Fig. 22. a) Scatter diagram of averaged 850hPa geopotential height on January
and March 200hPa by weighting function and monthly precipitation over South
Korea on April. b) Time series of observed monthly precipitation on April (solid)

and estimated monthly precipitation produced by regression model (dotted).
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Table. 4. The monthly precipitation produced by the linear
regression model over area-A and area-B and the observed

monthly precipitation over South Korea

Z{ADJ) PCN on Sept | Predict PCN
1971 12182.7 122.22 103.17846
1972 12167.7 150.03 66.43146
1973 12222.8 152.42 201 .41544

Z(ADJ) PCN on Apr | Predict PCN
1971 1512 54.67 95 .328
1972 1508.9 78.4 109.4516
1973 14991 127.8 154.1004
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Fig. 23. Time series of precipitation on a) September and b) April
from 1971 to 1973. Solid line indicates the observed value and dotted
line is the value produced by the regression model.
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