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Fig. 1 Spatial distribution of meteorological stations

in four regions in China
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Tab. 1 Area and station numbers of each region

X 5 T P /km? or X3 AR PR DS It s 5
I 2083497.8422 201 283
1l 2546959.3791 287 342
11 2493243.1265 110 169
v 2362054.7859 113 165
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Tab. 2 Local variances influencing precipitation

JaR I K 3% =9'4 JaR I (K 2% X
DEM25 T8 R PR 2.5 ke P 110 T 47 v Aspect25 T {85 R B 2.5 km PN 0 235 1)
DEMS50 T8 SR B S km PN (2 e R Aspect50 T8 SR B 5 km N (9235 10)
DEM100 A AU 10 km 91935 i 72 Aspect100 FAAAL AU L 10 ke P9 18P 35 3
Slope25 I {85 R B 2.5 km P R4 SF 20k 3 Relief25 T (E AR B 2.5 km Y F- B R AR B2
Slopes50 RS RI B 5 km P 01 2 gk Relief50 AR B S km PN (4 2 B AR
Slope100 IR SR B 10 ke P AYSF- 24090 13 Relief100 JE LSRR 10 km P AP35 M A AR
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Tab. 3 Geographic/topographic factors impacting precipitation in different regions and seasons
ZE [X 3k HBE P R R R R
DEM,Lat,Aspect,Relief100,Lat’,Relief50°,DEMxLat,
0.8512 0.8444
Kz I DEMxRelief, LonxLat, AspectxRelief
DEM100,Lon,Lat,Aspcet100,Relief50,DEM25° Lat’,
0.7600 0.7522
I Aspect25’, Slope100*,LonxLat
111 Lon, Lat, Relief25’, LonxLat 0.5697 0.5593
Aspect, Relief100, DEM?, Lon®, Aspect50°, Relief100°,
VI 0.5752 0.5505
DEMxLon, DEMxAspect, LatxSlope
DEM100,Lon,Lat,Relief25,Relief50,DEM? Lon’,
5 ) 0.7906 0.7811
E— N Lat*,Slope50°,Relief50°, DEMxLon, LonxLat
DEMS50, DEM100, Lon,Lat,Slope100,Relief,Relief100,DEMS50°,
o . 0.5664 0.5463
11 Lon*Relief*,Relief50°,DEMxLon, LonxLat, AspectxSlope
DEM, DEM25, DEM100,Lat, Relief, Relief100, DEMxLat
7 ) 0.8825 0.8701
111 DEM100°, Lon®, Lat’, Relief25, Relief50°, DEMxLon
Lon, Lat, Relief100,DEM25%, Lon*, Lat’, Aspect100°,
. 0.9009 0.8944
VI Relief100°, DEMxLon, LonxLat
Lat, Relief100,DEM*,DEM100°,Lat’, Relief100°,DEMx*Lon,
) 0.8226 0.8165
FkZ= 1 DEMxRelief, LonxLat
DEM100,Lon,Lat,Lon’,Lat’,Aspect’,Slope50°,
, , 0.4809 0.4605
11 Slope100%, Relief25", DEMx*Lon, LonxRelief
11 Lon, Lat,Aspect50°,LonxLat, LonxRelief, AspectxRelief 0.7828 0.7748
Lon, Lat, Relief100, Lon®, Lat’, Aspect100°, Relief100°,
VI 0.8394 0.8289
DEMxRelief, LonxLat, LonxRelief
DEM,Lon,Lat, DEM100°,Lon’,Lat’; DEMxLon,
%% 1 0.8817 0.8777
DEMxLat, LonxLat
11 Lon,Lat,Aspect100,Slope100,Lon’, Lat® 0.7553 0.7506
111 Lon, Lat, Relief25°, DEMxRelief, LonxLat, LonxRelief 0.4014 0.3715
Lon, Lat, DEM’, DEM100°, Lon’, Lat’, Slope100°,
VI 0.5906 0.5640
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F A B I, AR R 215 N HASM 3R T
TRAFAIIRAERCR . FEIRE T FR  , HASM B
i B i, Kriging $i {8 H F P45 B9 46 (8L il 1 Fe 350k
1, RMSE % IDW . Spline . iz 4B /7 %4 /IN o Spline
AT B TS 2 A B ) e KA A A L SE PR
P K, Foe/ NS LU SEBRE A /)N | T i 75 RMSE 7E 3
T 5% RS UL A S o (Ll 25 e K A P fe 22 . [
B Al LA Y 7R X8 1A TSR i, HoAs 4
i A Al DI AT TR AR . 2 PRy, 4 X T AR
[ R N e SRl ] i SRR e S TR ATTYE
SEPE B . %X FEK AR N R B LR R34
AT R R ISR, 3832 B R R 2 R 45 R R Y
SO o N I AT — 20 2 A ol B R R B
ERER, SR EZ X AR

R T A RS BTN R BRI fE L D
LIXE R B, e T 45 ik iR s ], g5 5 an sk
6 FIi7R o
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Tab. 4 Values of RMSE, MAE, MRE for HASM in comparison to Kriging, IDW and Spline(Summer)

JrIX ViR RMSE MAE MRE
I HASM 32.9178 21.5076 0.0625
Kriging 38.5382 28.0876 0.0893
IDW 44.3066 30.7472 0.0986
Spline 65.1995 40.7834 0.1237
T3 IR 13PN 48.0616 33.3787 0.0952
11 HASM 103.8364 64.3761 0.0952
Kriging 106.6764 69.9295 0.1143
IDW 108.5141 72.7767 0.1199
Spline 157.7672 102.3794 0.1700
S5 SIIR 37 110.3404 74.9685 0.1417
1 HASM 48.0262 38.2949 0.2380
Kriging 60.5899 42.9434 0.2159
IDW 61.5819 44.9529 0.2547
Spline 100.3280 73.6587 0.4199
TSR 87N 66.0801 50.4452 0.2947
VI HASM 29.0980 20.7774 0.2637
Kriging 29.1699 21.4244 0.2665
IDW 34.8156 27.3340 0.2902
Spline 38.3273 27.2715 0.3339
4Bk 31.6808 23.4001 0.2012
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%5 HASM % 5 Kriging IDW . Spline ;X #9145 B LL (% %)
Tab. 5 Values of RMSE, MAE, MRE for HASM in comparison to Kriging, IDW and Spline(Winter)

I3 X Jiid: RMSE MAE MRE
I HASM 4.6071 3.0086 0.3970
Kriging 4.6182 3.0299 0.2455

IDW 4.8281 3.0404 0.2441

Spline 8.2899 4.8396 0.3986

TSI 137 5.6312 3.6717 0.2515

II HASM 16.6755 11.6754 0.2484
Kriging 18.6231 12.0001 0.2275

IDW 19.6859 13.0721 0.2984

Spline 25.6599 16.9093 0.5046

TSI 137 19.2352 12.8765 0.2288

11 HASM 7.7879 3.5947 1.0458
Kriging 12.9323 6.4224 2.4672

IDW 12.8041 6.0721 1.6086

Spline 15.9087 8.2058 22777

T aIIR 137 13.5192 6.9555 1.6994

VI HASM 8.1837 3.7109 0.6987
Kriging 8.3687 3.6779 0.4463

IDW 8.6174 3.8821 0.5527

Spline 9.2759 4.9617 0.9485

TRlIR 137 8.7782 3.9967 0.7240

*6 AEREREITE BRI LR

Tab. 6 Comparison of computing time with different interpolation methods

D7 HASM Kriging
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A H)/s 62 240

50 157 64
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Fig. 2 Average seasonal precipitation from 1951 to 2010 for each region
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Fig. 3 Average seasonal precipitation distributions during 1951-2010 in China (Spring(a), Summer(b), Autumn(c), Winter(d))
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Surface modeling of seasonal mean precipitation in China during 1951-2010

ZHAO Na, YUE Tianxiang, WANG Chenliang
(State Key Laboratory of Resources and Environment Information System, Institute of Geographic Sciences and
Natural Resources Research, CAS, Beijing 100101, China)

Abstract: The demand for spatial data sets of precipitation in digital form has risen dramatically in recent years.
This paper describes a new surface modeling method, high accuracy and high speed method(HASM), which has
been successfully used for digital elevation model(DEM) construction and ecosystem changes. We explored the
relationship between precipitation and geographical/topographical variables and local topographical factors, de-
veloped a polynomial regression model for seasonal precipitation in each region, and then used symmetric suc-
cessive over-relaxation method and preconditioned conjugate gradient method to solve the matrix equations pro-
duced by HASM, which effectively improved the model. We used ArcGIS to create buffers with a specific dis-
tance around each subarea, and the actual computational domain expanded to the buffer area. Polynomial regres-
sion and residuals interpolation using HASM were applied to develop a gridded precipitation database for China
in seasonal scales with a resolution of 1 km in longitude and latitude. We used precipitation data measured at
711 stations during the period of 1951-2010, with 80% of them used for surface development and 20% reserved
for validation tests. Accuracy tests revealed that HASM is superior to the classical methods such as Kriging, In-
verse Distance Weighting (IDW) and Spline. Precipitation surfaces generated by HASM showed good perfor-
mance in precipitation research. Therefore, HASM can be considered as an alternative and accurate method for
precipitation interpolation in China.

Key words: HASM; seasonal average precipitation; polynomial regression; interpolation; China



