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Interpolation model of precipitation distribution with elliptic exponential function
ZHANG Sheng tang!,ZHANG Kai®
(1. College of Earth Science and Engineering, Shandong University of Science and Technology, Qingdao 266590, China;
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Abstract: How to transform the observed point precipitation data at the precipitation stations into the distributed data required
by the hydrological model is the foundation for the hydrological process simulation of distributed hydrological model. T he Ellipr
tic Exponential Function M odel (EEFM) has the capability of identifying the precipitation center position and center precipitatt
on amount. Compared with other spatial interpolation models, EEFM interpolation results remain unknown and need further
study. In this paper, Inverse Distance Weighting (IDW), Space Linear Interpolation M odel ( SLIM ), Revise Inverse Distance
Model (RIDM) ,and EEFM were applied to characterize the distribution of three precipitation events in the Santa Catalina Is
land. T he interpolation results showed that (1) EEFM and RIDM are able to reflect the precipitation spatial distribution more
accurately due to that both methods consider more impact factors and precipitation distribution characteristics; (2) SLIM corr
siders the data from the three adjacent points only and ignores the effects of other points, so its int erpolation results show larger
errors compared to other models; (3) RIDM takes into account the impact factor of the ups and downs of terrain elevation, and
its interpolation accuracy is better than that of IDW; and (4) EEFM is a continuous distribution function and it can simulate the
cont inuously spatial distribution trend of rainfall, therefore it has a higher accuracy compared to other three models.
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Fig. 1 Three dimensional precipitation distribution map
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Fig.2 Precipitation contour map
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Tab. 1 Location of precipitation stations and amounts of three rainfall events in 2008
Wi 4 s Fift/m PR
2008 1+2 20084 2 2008 + 27
Cactus Peak 33 207 09" 118 267 10" 441.96 2.80 9.65 20. 07
Dakin Peak 33 21°02" 118 21°07" 480. 06 1.27 7.87 12.95
Hayfield 33 20°55" 118° 257 28" 212.75 2.54 9.40 18. 80
Parsons Landing 33 28703" 118° 32749" 122.83 0.51 4.32 27. 69
Silver Peak T rail 33 267 46" 118 32-35" 542.5 1.78 10. 41 29.21
Wild Boar Gully 33 19-28" 118 26°21" 221.89 2.29 7.87 19.30
Whitleys Peak 33 22°21" 118 22°33" 441.96 0.25 6. 60 21.59
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Tab.2 EEFM estimated rainfall results at the Hayfield station

LI S A A 45 R Hayfield %} f%7K £/ mm
[ 7K 37 1k - —
Po n m X0 Yo {8 ORI AH X5 22
2008 11- 02 11127 0. 3807 2.2555 21.788 0 31.802 7 2.21 2. 54 -0.0128
2008 04- 02 2. 440 2 0. 1442 8.972 8 22.638 5 36. 653 8 9. 43 9. 40 +0.0013
2008 01-27 1.150 0 0.0453 0. 864 0 26. 746 7 32.3728 20. 19 18. 80 +0.0548
e R wg, v ABRKHOIZ LR, T 505 5500k 7 B 20 26 15 2 MITE MR G, 2R rp LLAy g s qr, SR A H RS .
3 IDW,SLIM RIDIM Hayfield
Tab.3 IDW,SLIM, and RIDIM estimated rainfall results at the Hayfield station
ok S IDW ‘ SLIM ‘ RIDIM \
i/ mm AR 2 4t/ mm AR 2 4t/ mm HRAT A% 22
2008 1102 2.54 2.46 -0.0300 2.69 0.060 0 2.51 -0.0100
2008 04 02 9. 40 8. 94 - 0.0486 10.21 0.086 5 9.37 - 0.0027
2008 0F27 18. 80 19. 86 0.056 8 20.78 0.105 4 20. 04 0. 066 2
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Fig.3 Comparison of interpolation errors of

the four interpolation models



KA EE - MR 8 2 K = R A A

SN PURITIEN R Y & €T % R R T TR g AR O
A R SEARL I 5 it AT % 8, BIAE I Hs Ko b, prdg
LI R K o A A2 A AR A, DT ot AR 1k 22, A TR ) 4
TEERA S IABAE B o 53 A, 2 0] e P4 (B2 2R Y =
AN AT R B AL AR R T, A A AP 5 DAL 1) 55 B
R AT AL, T SE B BEK 7 A B 18 bR i sk, 4
(I, A it (B AR PR 400 5 o (10 P 7 23 AN AT AR OK D), X 2
735 1) 2 A (R ATDRS R 22 KT At = oA 2 (1 3 22 [

bl P {0 50U T ASE JR A4 T B 38 O, A8 IE R
PSR 2R 10 A R 458 22 e A/ T S RO Y, A8 1 i )
B TR 2% 18 T v RN K IR S, G SR B KR A AR BLAEKT
T, A5 1T B ) B Y AR R RO FERE A, S
P ) SO AR 2R e s T B £ B0 AR R v R B W A 7T
B B RE N 1 52 A1 T2 A8 I B 48] Hopl AR
R 22 /I T B SO AR ) T A

TR 3 37 ORI PR B 45 At AV A i A0 o Ape 2
16 TP 2 35 EOAE 2R DAL 22 ) 2 P4 A 2R R P 26 £ A
PRI 288 3% A DA 3 DR D W 150 415 30 e O TR AT 4 1 i 1 0 S
RO 5 5 2 % B8 T R S DR R K 3 A1k
AEVE ST, SEOINAT £ FAR T PR K BL S, DT A AR R Z2 B/, (HIX

SR IR SEAT R GETE S 2 3 R B KR A 45 R

163 i 50 o B R A0 LB 5 B BB T T 32 1 4 45
SRBLAL, AHO TR ZE AL/, 2 B AR PR I 7K TR 4 (LAY,
SR L 2 2 T FR T 2800 22, W B8 4 el 50 B0 3 350K
ek ZICAR FL PRI T 38 3R 22 2. 30% , 18 1T B 2 330 B AL 20 S 88 i 22
2.63% , i [ i Ko oy BRI SRS Ay AL, (HAUEE 3 37 IRFEK
FE 25 R AN L LU B 18, X W Rt T A 45 SR I 95 L
BAARAT 15 52 S0 IR I B KR A 45 R ge it

3

G 12 5 5 o B T 2 T — el O % B K 1) ) A 4 B
FETY AE AT 25 2 A 5 1 — 20 BRI 9, A ORI BR 29 45
OB R 7% ) e 147 R L IE R ) 5 AR 45 =l
FI AR A AR A 22 ) S R AV B8] 45 25 R A Y AT
this. 5B Santa Catalina & 7 P35k [E)20 00 P 3 37k BEIK
Bl AT F B L, A5 B LU MR 45 ik .

(1) B2 f53) AR T A 7R A (0K B OI0 T22 [)  {PF 4 (S 7Y
B2 T \EBE B BB, B2 18 EBE 20 5 2 220 = 7R
AR I TR Ak

(2) 7% 1) G P A7 (A5 R0 ) FH = i A A 1 1 AT 3l
B, R FH B A5 B AR 0% b, T B TS A &5 bR Bk
347 2 0 TR 8 3 AT R R L, D TR R 25K

(3) 12 8 5 o B A5 20 s LE B 9 3 B0 7Y T 2 M % 16
T 7K 5 i D] R B 7K 3 AR R AE PR, BRI BE AT A AR S
FEKEL G, By LLB AR R 2281

(References) :

(1 EPR, )&, 225, % JET DEM 19 434 207K SCRERLT
Ko7k 7). bR RL 2% BERE, 2002, 21( 5): 430 439(WANG
Zhong gen, LIU Chang ming, ZUO Qtting, et al. Methods of
constructing distributed hydrological model based on DEM[ J].

[2]

[3]

[4]

[5]

[7]

[8]

[10]

[11]

[12]

Progress in Geography, 2002, 21(5) : 436 439( in C hinese) )
SCHE, SR MR AR R B S M. e K I
HRAE, 1991, 1-24( WEN Kang, JIN Guarrsheng. Mathematt
cal modeling of surface runoff [ M]. Beijing: Water Power
Press, 1991: F24(in Chinese))
B, OB A, AR UK B IR 2 A B M. OB 2
7K A AR L. 2006 ( LIU Chang ming, ZHENG Hong guo,
WANG Zhong gen. Distributed simulation of the hydrological
cycle]l M]. Zhengzhou: Yellow River Conservancy Press, 2006
(in Chinese))
TR, TR, RLLA, A ST R P v S e A R
MOZEER] J). A B 33, 2012, 34(8): 2426( WANG Zong min,
ZHANG Jie, ZHAO Hong ling, et al. Selection of the inter pola
tions of rainfall for calculating the water logging disasters
caused by the urban storms[ J]. Yellow River, 2012, 34(8): 24
26(in Chinese))
EFUE, AL, B 3L, S JUAT A KR K R A
P R LR R et [ 0] . K HS e UERE 2, 2010, 28(12): 3
(WANG Xifeng,ZHOU Zu hao, JIA Yang wen, et al. Com par
ison and improvement of geometry interpolation methods in
rainfall interpolation with large scale long series data[J]. Wa
ter Resources and Power, 2010, 28(12): F 3(in Chinese))
WANG Guang-yue, LIU Yong hui, WANG Xiir hua, Ex perr
mental investigation of hydrodynamic characteristics of over
land flow with geocell[ J]. Journal of Hydrodynamics, Ser. B,
2012, 24(5): 737743
VRARZE, M K, #2045 38T 20 A 207K SO = ik X [a]
PR Fihe WM RIS AIEL 1] /K3C, 2008, 28(1): 32 37( XU
Jrjun, YANG Da wen, CAI Zht guo. Flood forecasting in the
T hree- Gorge Reach based on a distributed hydrological model:
Modeling and calibration[ J]. Journal of China Hydrology,
2008, 28( 1):3237(in Chinese))
VFRZE, BRI, XU B, A, 5T A0 K SOREL K =0k X ]
LK TR PR AR MR R[] . 7K 3, 2008, 28(2) : 1822 (XU Jr
jun, CA1 Zhr guo, LIU Zht wu. Flood forecasting in the Three
Gorge reach based on a distributed hydrological model: Applr
cation of radar rainfall data[ J]. Journal of China Hydrology,
2008, 28(2): 1822(in Chinese))
FRTT AL, REAH GG, . B2 B K A B 2R BT 5 % LR
[J]. % JHA4 25 2 4%, 2005, 3(16): 556 557 (ZHANG Sheng
tang, KANG Shaco zhong, LIU Yin. A new precipitation distrr
bution hydrological model and its application[ J]. Chinese Jour
nal of Applied Ecology, 2005, 3(16) : 556 557(in C hinese) )
Sy N AT NE RS e N RS R P L N B [
BRI A v i A, 68 M 29 A R Y R AL, 1999: 2628
(WANG Guo an. Principles and methods of PMP/ PMF calar
lations[ M ]. Beijing: China Water Power Press, Zhengzhou:
Yellow River Conservancy Press, 1999: 26-28(in Chinese))
[ 6] M2 ITHS g, skl ==, ARG PR KSCTF M ] . dE st
B2 R AR, 2002: 82-87 (ZHANG Jiarr yun, LI Jrsheng,
Hydrologic Manual [ M ]|. Beijing: Science Press, 2002: 82 87
(in Chinese))
Ray K. Linsley, Joseph B. Franzini. Water Resources Engr
neering[ M]. New York: McGraw Hill, 1979: 1F 22
(T#% 542 )

o= ok M e 533



%13 % S5 78 - MAAHEE KA FL - 20154 6 A

[3]

[ 6]

[7]

(References) :

Doerfliger N J, Eannin P Y, Zwahlen F. Water vulnerability as
sessment in karst environments a new method of defining pro-
tection areas using a multr attribute approach and GIS tools
[J]. Environmental Geology, 1999, 39(2) : 165 176.
%ﬁﬁ— BRI T K e 55 P 5 K AR X 23 P D] .
bt WP Hb iK%, 2006. (ZHANG Bao xiang. Groundwater
vulnerability assessment and wellhead protection area delinea
tion in Huangshuihe River Basin[ D]. Beijing: China U niversity
of Geosciences, 2006. (in Chinese))
J M Vas, B Andreo, M ] Perles, et al. Proposed method for
groundwater vulnerability mapping in carbonate(karstic) aqur
fers: the COP method Application in two pilot sites in Southern
Spain[J]. Hydrogeology Journal, 2006, 14: 912 925.
INARE, R LR AR SS Pk AR L PR TR S T SURT St
KB HE R, 1999, 10(4) : 444 449. (SUN Car zhi, PAN Jun.
Concept and assessment of groundwater vulnerability and its
future prospect[J]. Advances in Water Science, 1999, 10(4):
444-449. (in Chinese))
LA, ) # S, B BT DRASTIC Mt Rk S5 4tk 2 H
PR R B RYL J]. K ER2E 3R RE, 2000, 11(2): 174 179.
(WANG Guoli, ZHOU Huicheng, YANG Qing. Study on
multtobjective fuzzy pattern recognition model of groundwater
vulnerability based on DRASTIC [ J]. Advances in Water Secr
ence, 2000,11(2): 174 179. (in Chinese))
ZEATE, ARTUHE. MR KV Qe BUB R VP e DRASTIC TL MR
FHLTT. TR 27 2% 412, 2001, 29( 2) : 106 103. (JIANG Zhi qun,
ZHU Yuarr sheng. Evaluating regional groundwater pollution
potential with DRASTIC for Daqinghe Basin[ J]. Journal of Ho~
hai University, 2001, 29(2) : 106 103. (in Chinese))
BOVHL BT /KRR UM 59 PEPEOT TS D] . JB AT JE5T
I ¥5K 2%, 2007. ( LI Jiar ying. Study on vulnerability assess
ment of water resources of Guanting Reservoir Basin[ D]. Ber
jing: Beijing Normal U niversity, 2007. )
FROT, EEBRAR, Tk e R K IESS PE PR T ik ST R )]
Ji 5 B, 2010, 19(3) : 253 258. (ZHANG Xing, JIANG Xiac
dong, ZHANG Long. Methods and research progress of
groundwater vulnerability assessment[J]. Geology and Re
sources, 2010, 19(3): 253-258. (in Chinese))
RN, 7K BEIME 59 P e L E BN J] . K AR RRAE R, 2002,

[10]

[12]

[13]

[ 14]

[15]

[16]

[17]

[18]

22(2):41-44. (LIU Lu liu. Concept and quantitive assessment
of vulnerability of water resource| J]. Bulletin of Soil and Water
Conservation, 2002, 22( 2) : 41-44. (in Chinese))
TE?’EZTZ'F BT GIS MU P W 5L Bl R 7K Bk 2 i 59 2 AR
[D]. db5T: o b K 2, 2007. (GAO Zarr dong. GIS based
vulnerablhty assessment for Jinan karst spring basin groundw-
ater aquifer [ D]. Beijing: China U niversity of Geosciences,
2007. (in Chinese))
R, AL T3k, JEUITT, 4. 5T GIS R T = Ay 7K Bt I
SPEVE] 0] . KRR, 2012, 28( 1) : 34 37. (LIU Hat jiao,
SHI Yuzhi, FAN Ming yuan, et al. Water resources vulnera
bility assessment in Yellow River Delta based on GIS[J]. Wa
ter Resources Protection, 2012, 28( 1) : 34-37. (in Chinese))
FRBHR. E  IXHET ZK NG 59 7 RS P P A DL B T TR G
A 4 B D] . TR 74 BOK%%, 2009, (ZHANG Qiang. Vuk
nerability and contam ination risk assessment of karst ground
water Qing Muguan karst valley of Chongqing as an exam ple
[ D]. Chongqing: Southwest University, 2009. (in Chinese))
Nico Goldscheider. Karst groundwater vulnerability mapping:
application of a new method in the Swabian Alb, Germanyl[ J].
Hydrogeology Journal, 2005, 13(4): 555 564.
R BT GIS B E VL R K 99 PPN — LR KT e
AR S [ D). B VP M OKAE, 2011, (ZHAO Yur
guo. Vulnerability assessment of karst groundwater base on GIS A
case dudy of Laolongdong underground river basin, Chongqing
[ D]. Chongging: Southwest University, 2011. (in Chinese) )
zwahlen F. Vulnerability and risk mapping for the protection
of carbonate(Karst) Aquifers[ M]. European Approach COST
Action 620, Final Report, 2003: 163 171.
TRArmE, BAR, AR, 55 W BOK)Z eSS PE RO COP vk
KNI, B0 48, 2009, 61(3): 139142, ( XING Lt
ting, LV Hua, GAO Zarr dong, et al. Evaluation of groundwa
ter vulnerability in karst areas using COP method[ J]. Nonfer
rous Metals, 2009, 61(3) : 13%-142. (in Chinese) )
Nata a Ravbar, Nico Goldscheider. Proposed methodology of
vulnerability and contamination risk mapping for the protec
tion of karst aquifers in Slovenia[ J]. Actacarsologica,2007, 36
(3):397-411.

R A8 R ARl 1 23 ) M. db st A E R L HE
1, 1994, (Soil and fertilizer station of Shandong province. Soil
of Shandong Province[ M |. Beijing: China Agriculture Press,
1994. (in Chinese))

(L#% 533 W)

[13]

[14]

A, VR BR TS, SIE) S E VR LA [T M IR A

2000, 15( 3): 266265 (LI Xin, CHEN Guodong, LU Ling.
Comparison of spatial interpolation methods[J]. Advance in
Earth Sciences, 2000, 15(3) : 266 265(in Chinese))

FUAE, AR R, ot TR 1020 A0 2R K SRR
SN )], K H BEJERL 2%, 2008, 26(6): 17-20 (WANG
Gurzuo, REN Lrliang, WANG Bin. Grid based distributed
watershed hydrological modelling and its application in cold
and arid regions[ J]. Water Resources and Power, 2008, 26

542 ¢ JKRICHFRE T MR

[15]

[16]

(6): 17 20(in Chinese) )

Je s, Erh AR BLARK S MTL O M B KR R,
2002: 2 3(ZU O Qrtting, WANG Zhong gen. Modern hydrolo-
gy [ M ]. Zhengzhou:Yellow River Conservancy Press, 2002: 2
3(in Chinese))

ZHANG Sheng tang, Stormwater utilization as an enviromr
mentak friendly method to alleviate urban water resources crr

sis: Taking Qingdao as an example, IEEE, 2011, 1722- 1725.



