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Model of Accumulate Rainfall in Korea
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ABSTRACT

This study focus on development of the model to estimate accumulated rainfall. The principle results are as follows : (1)A

model to estimate accumulated rainfall according to Julian date was developed as a sigmoid function by the method of least

squares. (2)A model to estimate total rainfall in a year according to longitude and latitude was developed as a 3-dimension

function by the method of least squares. (3)The periodic variation of mean monthly rainfall was much more than spatial

variation of that,

based on the standard deviation, coefficient of variation and standard error. (4)Amount of change of the

accumulated rainfall per one degree of longitude and latitude was calculated. (5)Range of accumulated rainfall according to

longitude and latitude was calculated. (6)The amplitude and the critical point of accumulated rainfall according to longitude

and latitude was analysed by the 3-dimension relationship between the coefficient of the KSRM and the coordinates.

Key words : Accumulated Rainfall, Model, Sigmoid Function, 3-Dimension Function, Longitude and Latitude

1. M2

715Hste] e AT AYE Bk v EE ko]
222 =551 o] 1 ol BEHT Y ATy
Holekx & 4 ok e Sof 309 Ho] B@vlew @
Aol BRrlee vuste] ATeus g ARAE
ATAIE ol gtk EF 7| FFo] WAL
A7) 4] Be AR FINAE 918 o] o
Lust G BE A7le] tehde Ausigon

AHE 20304 o] %2 A5HATHLee et al., 2016). 7]
Fwislo] w2 AAHEAS] 270 Ht AT Y &

A Bd9] historical runQ] time seriess AFRSH= A
(Mahlstein et al.,, 2011), preindustrials AREoH= 3%

(Hawaskins and Sutton, 2012), naturalonly run®] 7]|7toj|

gt 7t AZE BEEF20)E AHRSHE F2(Boo et
al., 2016) 5] 9Jt}. IPCC AR5(2013)0| A= A A9

AAA WE Fo] Z7] g o] A9 A2 7|FH
slof = AejA7E FoFsid 4= ATHAL 5H3ith(Mahlstein et
al.,, 2012 : Hawaskins and Sutton, 2012).

71585l It A= L E QHA RGI ZETHS
o] 8%t B 9 AL HZF A7H(Yu et al., 2020),
715 R AU @ A 9 FA1E S AH(Cho et al,
2020), 5 =7|Hsteke] Ao HAHEG EE A
of o3t =o] TR0 Yok EIF A9} scaling
technique ©]-€35F AGE(Eom & Eom, 2008 ; Eom &
Eom, 2013 ; Eom et al., 2014a, ; Eom et al., 2014b ; Lee
et al,, 2015y &-goto], 7|53} TH Ao M2 data
o o g f2L ZAIE EEohs AHTHE AAgH
A= QUthEom et al., 2020). E A= Sigmoid T
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(Eom & Eom, 2008)5 ©]8€5to] | = Julian date & £%]
A9 27T 8 2y 9 A9E Hret 9= o
£ T $sle /ol it 3-dimension 2@ 7Y
stal, 1 RPE9] Alg A4S Soto] AT #st
2Z3 F47] #gtE= A7 BAFA SRS

2 Ao AMEE 7] data= R U 7140l A Al
TE= 1981 RH 2010W7HA] 9] 2| E 9 A|7|E <
F datas Z-&5FSiTt

AZ Julian date’d FHFTHFS 4L & U= 27
< Sigmoid ¥F<(Lieth et al., 1996 : Xinyou et al., 2003
: Eom & Eom, 2008)2 AA3l1 FAA|FHo| 93 @
Ak Aol ASE Agtel BB ATSACHL).

E[AR]=a/(1+exp[— (X —Xo0)/b]) (D
*E[AR] : A FHA

X : Julian date
a,b,Xo : X|9d A%

A9 Az} o) WE A7 FATHE 4
9= 2FL 3-dimension T2 AT F4AATH|
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Fig. 1. Average and standard deviation of average monthly rainfall during 30years according
to district (A : Average with standard deviation bar, B : Standard deviation)
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Fig. 2. Average and coefficient of variation for average monthly rainfall during

30years according to period (C : Average with standard deviation bar,

D : coefficient of variation)

O|AICV)= 8ol HAF o] UEh= 2% 3t FE| 9
MalpdS HrkFig. 2D).

Sele) A9 9 A7) BE Y gl og B
ZQZK(SE : standars error)= Z}Z; 3.29 9 27.65 mm=
A, W W AL A7 ol BAol wek 1
A H Ioka fdET(Table 1).

Table 1. The standard error(SE) of average monthly
rainfall during 30years according to district
and period

SE according to district SE according to period

3.29 mm 27.65mm
3.2. X|94 Julian datelf M2 SXMZ4EF FH DY

e

LUt 7270 A Julian dateo] WHE FAZTFES
ZA517] Y5to] Sigmoid $H-9] HE(EF H KSRM
Korea Sigmoid Rainfall Model)& 7H&3}IHHH3).

E[AR]i = ai/ (1 +exp[— X — Xoi)/bi]) 3)
% EARI A9 n3ed 244

X : Julian date

ai, bi, Xoi : Xgd A5
A AR TAREE A FAADE

Table 2. The coefficient and standard error for the KSRM

R’ a |STE@)| b |STE®b)| Xo |STE(Xo)
Max | 0.9992 | 2,064 | 66.63 |75.63| 4.74 |220.15| 8.64
Min |0.9950 | 8423 | 11.97 3023 | 1.37 | 18595 | 1.72
AVG 1,388 | 26.88 [41.16| 2.38 [201.88 | 3.11
STD 2254 | 9.17 | 669 | 057 | 7.11 1.01
SE 2656 | 1.08 | 079 | 0.07 | 084 | 0.12
SE/ 0.019 | 0.019 |0.019| 0.058 | 0.004 | 0.015
AVG

2 292 ol83tel 4 499 Yol |7 FAY

HLeere et ol AT 4 Urk).

TRi(t2—t1) = f tZE[AR]dt— f ﬂE[AR]dt 4)
=[ai/(1+exp[— (X2—Xoi)/bi])
—Jai/ (1+exp[X1—Xoi)/bi])

TR 9YAGY A1zt B

oto] A7} 4k

=170°T
tl, t2 : Julian date
E[AR] : KSRMQ| F+=27F5-
ai, bi, Xoi : KSRM9| 2|94 A%
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Fig. 3. Measured and estimated accumulate rainfall according to Julian date by KSRM for each area
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Fig. 3. Measured and estimated accumulate rainfall according to Julian date by KSRM for each area (Continue)
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Fig. 3. Measured and estimated accumulate rainfall according to Julian date by KSRM for each area (continue)
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Fig. 3. Measured and estimated accumulate rainfall according to Julian date by KSRM for each area (continue)
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Table 3. The coefficient of KSRM model according to district

District R? a b Xo
Sokcho 0.9959 1492.2 48.2 217.7
Cheolweon 0.9963 1404.0 32.1 204.5
Dongducheon 0.9961 1520.6 30.2 207.1
Daekwanryeong 0.9961 2006.6 45.4 213.9
Chuncheon 0.9963 1363.8 33.0 205.4
Baekryeongdo 0.9975 842.3 37.3 205.1
Gangreung 0.9953 1584.0 51.2 219.9
Donghae 0.9950 1377.4 49.1 218.1
Seoul 0.9963 1469.2 33.0 206.8
Incheon 0.9970 1255.8 35.6 207.3
Weongju 0.9967 1366.6 35.5 205.0
Ulreungdo 0.9961 1564.9 75.6 220.1
Suweon 0.9966 1332.5 352 205.6
Yeongweol 0.9965 1253.6 36.6 203.1
Chungju 0.9975 1237.2 37.4 206.0
Seosan 0.9973 1317.1 39.9 206.5
Uljin 0.9956 1205.1 53.0 213.9
Cheongju 0.9969 1267.5 38.6 204.6
Daejeon 0.9973 1488.8 37.1 200.9
Chupungryeong 0.9969 1214.6 39.5 201.2
Andong 0.9977 1094.2 393 199.3
Pohang 0.9965 1209.9 47.1 203.6
Gunsan 0.9974 1232.9 42.7 203.5
Daegu 0.9971 1097.6 39.5 201.7
Jeonju 0.9968 1343.4 40.7 200.9
Ulsan 0.9981 1327.1 454 198.0
Changweon 0.9984 1588.9 42.7 192.9
Kwangju 0.9962 1427.3 414 199.7
Pusan 0.9987 1559.6 43.5 190.0
Tongyeong 0.9991 1479.0 42.1 186.1
Mogpo 0.9980 1198.6 44.9 197.6
Yeosu 0.9988 1475.3 41.5 191.6
Heugsando 0.9990 1128.2 414 194.0
Wando 0.9989 1575.3 45.1 191.7
Jeju 0.9966 1596.9 53.6 205.7
Kosan 0.9983 1185.9 51.4 192.5
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Table 3. The coefficient of KSRM model according to district (Continue)

District R? a b Xo
Seongsan 0.9977 2063.5 54.0 197.1
Seogyuipo 0.9992 1974.9 48.8 185.9

Jinju 0.9974 1563.1 41.8 196.6
Kanghwa 0.9971 1365.4 33.6 207.0
Yangpyeong 0.9963 1457.4 31.6 205.4
Echeon 0.9964 1397.4 34.0 204.5
Injeo 0.9969 1231.8 34.6 206.3
Hongcheon 0.9968 1426.8 33.4 205.0

Taeback 0.9960 1379.1 41.8 205.8
Jeocheon 0.9966 1413.2 36.2 202.1

Boeun 0.9968 1322.4 37.7 201.7
Cheonan 0.9968 1256.0 38.4 208.2
Boryeong 0.9967 1271.9 39.8 206.2

Buyeo 0.9972 1377.7 393 202.0
Geumsan 0.9970 1322.9 39.3 200.2

Buan 0.9971 1281.4 42.6 203.0
Imsil 0.9952 1384.8 39.5 200.5
Jeongeup 0.9968 1354.2 43.7 203.1
Namweon 0.9960 1413.5 383 200.8

Jangsu 0.9961 1496.5 393 198.8
Jangheung 0.9979 1550.1 41.9 198.1

Haenam 0.9980 1367.7 44.4 196.3
Goheung 0.9985 1498.9 43.6 1923
Bonghwa 0.9977 1245.1 38.1 198.4

Yeongju 0.9978 1320.7 38.0 199.7

Munkyeong 0.9976 1284.7 373 199.1
Yeongdeok 0.9965 1132.1 483 206.7
Yeuseong 0.9972 1059.2 38.4 201.5
Gumi 0.9967 1105.7 39.4 202.9
Yeongcheon 0.9972 1078.4 40.1 200.3
Keochang 0.9968 1354.1 38.8 200.9
Hapcheon 0.9968 1311.7 37.7 200.7

Milyang 0.9984 1257.3 39.5 195.1
Sancheong 0.9959 1613.6 394 203.4

Geojae 0.9987 2053.3 423 187.4

Namhae 0.9989 1891.0 432 190.4
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Fig. 4. Yearly rainfall according to longitude and latitude
(E : Horizontal axis is longitude, F : Horizontal axis is latitude)

Journal of Climate Change Research 2021, Vol. 12, No. 5-1



o

. y = 1.0427x - 16.228
R = 0.993**

8000 13000 1800.0

g FEEY MY 393

|I| cc,Rain : Xo

y = -0.0088x + 213.78

r
=1
=1

2200 » 3R = 0.267*
. . .

) u & » ..
2000 4 f‘:’.‘z‘ : .
1000 ST ey .
i . *®
1800

800.0 300.0 800.0

Fig. 5. Relationship between yearly rainfall and the coefficient of KSRM

(G : coefficient a, H

Coefficient: A
=yl Ax+By

. coefficient b, |

Coeficient: B
v+ Arxe Bty

. coefficient Xo)

Coefiicient : Xo
L oyl A%+ By

Fig. 6. Relationship between coordinate and the coefficient of KSRM

(J : coefficient a, K : coefficient b, L : coefficient Xo)

4. 28

2 A= A9E 9 F Julian dated] TE FHLE
4 o] ME A7 FAFETF] g 4
s 5% Z3t= o33 gt
AR, SFuEr A 7270 A9 ¥ B Aol o
9 9 7t #F QX (standard error)= Z+HZF
27.65mm @ 3.29 mmo|glon, o] ¥ Wi ko] A
7H4d ®¥ol7h Z7HA WHo ko 4 k= AL Lokl
A, S2vet A9 7270 X948 | F Julian dateo]] @
E FAAsEE F8F 4 = Sigmoid 9 2F
(KSRMyZ 7ldstalom(l), vt A9 7270 A4
| 2AFHE 0]-85te] KSRM H 9] ARE 453t

E[AR]=a/(1+exp[— (X—Xo0)/b]) (1)
*E[AR] : 587 34

X : Julian date

a,b,Xo : A IH A

A, Aret 9o e At FAGTHFS 4
4 AUe 3-dimension F0] HPS /LA (5),
7t 1Y 5EO0E A4E | 42 18.96 mmY
7Ftgon, Axrt 124 I=des W G
58.03 mm& ZHAoF3Tt.

o ofN ox mok

E(AR)=Eo+AX+BY )
o, E(AR) : FHF

X  AZ

Y 9=

A,B,Eo : A

A, A= W Y=o osto] I+
H3l HY= 7FzE 118.6 mm Z 290.4 mmo]Q]th.

A, AZE FAZGTe] B A GYSE
Fo] ¥s} HEo| am, FAFHo] 45| HItE=
A7) (critical point)s= 5T}

oS, A=A HEolL TYZARE FAYLF

http://www.ekscc.re.kr



w
©
i

Z2 Fow, Axrt 5F0|1 1= drE 4
F25] W3}tE= Al7|(critical point)i= E3TE.
7= 9 23t A 2 7HA] AARE S
= = HE oAl 4 water balanceZ}
St input QIALEA = 4t I 9 2AS
o] Qlom, output QIAFRZAL ZukAleF 97 1l
Ashuljaeggo] St 2k 9 FERIA e FEARE %
a3t QA o, & A-tolA £33t FH YT S

)

b2 oo ) b
20 ot
r_&35~

’

>
it

Q.
o]
[e)

B2 oupurde APgeted 289 4 Atk

E79], & Au A] & #E] scheduled +H5H] 9
Sloj A= Q1o 9] 9]9]7]7F ot A7 4~EF AFF o]
4 Ao, £ B3yE o]gsto] 9 AH9 47|zt
e FAGFEE a3 Zo] AT = ATH4).

2 1
TRi(t2—t1) = ft E[AR]dt—ft ElAR]dt (4)
0

= [ai/(1+exp[— (XOZ —Xoi)/bi])
—lai/ (1 + exp[X1—Xoi)/bi])

TR QoA JolrIzh Foke] A4
tl, t2 : Julian date
E[AR] : KSRM9] &7}k

ai, bi, Xoi : KSRM9] 2|94 A4
o|9} T2 AH$ £ KSRM
UTHIL ALEE
3t AL} ko] UE AR EFS T £ AUs
3-dimension2 ¥ &% 7| T3 By HALHo| &g
2 & AT AlsE

ofF £-85M B89 +

FYSAYERY AU FYLEY]
WM SAETE RIS A

o

References

Boo KO, Shim SB, Kim JE, Byun YH, Cho CH, 2016.
Emergence of Anthropogenic Warming over South
Korea in CMIP5 projections. Journal of Climate

Change Research 7 : 421-426.

Journal of Climate Change Research 2021, Vol. 12, No. 5-1

H71H

Cho JP, Kim JU, Choi SK, Hwang SW, Jung HC. 2020.
Variability analysis of  climate extreme index using
and grid-based CMIP5
climate change scenario data.
Change Research 11: 123-132.

Eom KC, Eom KR. 2008. Mathematics for agricultural

sciences. Daewon Publishers. Korea. Seoul. 123-491

downscaled multi-models

Journal of Climate

(in Korean).
Eom KC, Eom HY. 2013. Estimation model of the

change in daily leaf surfacetemperature using scaling

technique. Korean J. Soil Sci. & Fert. 46: 359-364.

Eom KC, Lee BK, Kim YS, Eom HY. 2014. Comparison
of the change in daily air and surface temperature of
red-pepper leaf and soil. Korean J. Soil Sci. &
Fert.47: 345-350.

Eom KC, Park SJ, Lee BK, Eom HY. 2014. Estimation
of the changes in daily air and soybean leaf surface
temperature using the E&E model. 8th Asian Crop
ScienceAssociation Conerence [ACSACS] Vietnam.
p-84-85.

Eom KC, Kim LY, Im CI, Park YH, Park MS, 2020. J.
Climate Change Res. 11 : 529-538.

Hawkins E, Sutton R, 2012. Time of emergence of
climate signals. Geophys Res Lett. doi : 10.1029/201
1GL050087.

IPCC, 2013. Climate change 2013

basis. Contribution of working group I to the fifth

: The physical science

assessment report of the intergovernmental panel on

climatechange. Cambridge University Press, doi
10.1017/CB0O97811074153324.005.

Lee BK, Jung PK, Lee WK, Lim CH, Eom KC. 2015.
Changes in air temperature and surface temperature of
crop leaf and soil.
Research 6 : 209-221.

Lee D, Min SK, Park C, Suh MS, Ahn JB, Cha DH, Lee
DK, Hong SY, Park SC, Kang HS, 2016. Time of

emergence of anthropogenic warming signals in the

Journal of Climate Change

northeast Asiaassessed from multi-regional climate
models. Asia-Pac. J Atmos Sci 52 : 129-137.
Lieth JH, Fisher PR, Heins RD, 12996. A phasic model



QLIS LYY FHB

for the analysis of sigmoid patterns of growth. Acta
Horticulturae, 417 : 113-118.

Mahlstein I, Knutti R, Solomon S, Portmann RW, 2011.
Early onset of significant local warming in low
latitude Environ Res Lett. doi
10.1088/1748-9326 /6/3/034009.

Mahlstein 1, Hegerl G, Solomon S, 2012. Emerging local

conturioes.

signals in observational data. Geophys Res Lett. doi :
10.1029/2012GL053952.
Sui Y, Lang X, Jiang D, 2014. Time of emergence of

ot

N 395

climate signals over China under the RCP 4.5
scenario. Climate Change 125:265-276.

Xinyou Y, Jan G, Egbert A, Lantinga JV, Huub JS, 2003.
A flexible sigmoid function of determinate growth.
Annals of Botany 91 : 361-371.

Yu DS, Kwon OC, Kim HG. 2020. A simple program
improving uncertainly average temperature and growing
degree days based on RCP scenario. Journalof Climate
Change Research 11: 113-122.

http://www.ekscc.re.kr



	우리나라의 누적강수량 추정모형 개발
	ABSTRACT
	1. 서론
	2. 재료 및 방법
	3. 결과 및 고찰
	4. 결론
	References


