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Abstract Based on monthly precipitation observations collected at 93 meteorological stations in Southwest China from
1996 to 2000, this study investigates the spatial interpolation results with the Inverse Distance Weighting (IDW) and
O-Kriging interpolation methods. Firstly, we analyze the spatial autocorrelation and spatial variability character of
monthly average precipitation data. Secondly, the IDW and O-Kriging based on three semi-variograms (exponential,
spherical and, Gaussian model) are used to spatially interpolate monthly precipitation. Finally, the interpolation results are
compared and discussed using the cross-validation method. The conclusions are: (1) Monthly precipitation distribution in
Southwest China shows a spatial aggregation feature with high spatial autocorrelation and variation, which favors for the
spatial interpolation. (2) Compared to the three semi-variograms used in the O-Kriging interpolation method, the best
performance is from the exponential model, while the worst is from the Gaussian model. (3) When the O-Kriging and

IDW are used in spatial interpolation of monthly average and maximum and minimum precipitation, the former one
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perform better than the latter one. The errors between interpolated data and observations overall increase with monthly

precipitation magnitude, and the errors from both interpolation methods are obviously reduced after removing the

maximum monthly precipitation points. (4) For the study area as a whole, the interpolation effect of the O-Kriging is

better than that of IDW, however, this is not true at single sites. There is no absolute optimal method in the spatial

interpolation of precipitation for every study area and on all time scales. The optimal interpolation method depends on the

actual demands and applications.
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Fig. 1 Distribution of meteorological stations in Southwest China
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Table 1 Global Moran's / index and Z index values for
monthly precipitation in Southwest China during 1996—2000
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Fig. 2 Spatial trends of precipitation for (a) January and (b) July in Southwest China during 1996—2000. The x-axis is east, the y-axis is north, and the z-axis is

data value. Vertical black line means the precipitation magnitude, the green and blue curves are the fitting curves of precipitation projection points, respectively



1 3 AT BT VU R DS 5 0l B TR ) 4B T R LR AR
No. 1 LI Jinjie et al. Comparison of Spatial Interpolation Methods Based on Monthly Precipitation Obsevation Data of ... 55

Bl RIULE U7 RS, WPEE R AR
AT e V-2 PR W KA T 7 R &,
MGG AR i B A e P G2 PR ok i,
76 R B AR AL E s P AR . AR S R B B
FE U B B R E g in, 1 AR 7 AR
(2N RS T Rl ST P W R 1 Vet R TS
FEMERR T H 85 (B 3D, H 7R 5 pR B 2 WA AR
SR, TTRIEAR R R AR, {FH] O-Kriging
Al (FL s ffLA3C, 2008), AR, K 3 v
e LR 7 2 T B T () 5 3 D) e R 2 S 2 /N T
AAIYE KB B AR E. 1 BRI 7 H BN E R4
Moran 's I 35%04 0.56 F13.05, 255 K& T30
M) EAH R IE AN 2 v B H 42 Ja) Moran's 1 $54%
FIPNANTSEYEL e
32 RAYEMERESERILER

A O-Kriging J7VART, A2 5 AU AT 1
IR R MRSE, 2003 H/NE%E, 2016).
ohy 5 VT ML DX 4 [ R R R ) AR S R A
B, oy R A, SRR, BB Dy AR
SERRBRHEAT O-Kriging {1, 14543 e 5%
Z (R2)e WERKE, MR R ZER K, K
MERR 2, faEiiam /. b, 1 . 6 HAIT
H BRI RN B 2 [ B 22 5, 0 7g
A ML X A E O-kriging 77 AR, A5Gk H
FREEAL . (EAFE R0, AR 1 I
KRBT, BREVAR S AL . K] 4a. 4b. 4d
s& IDW F O-Kriging #i{ 45 5 W IAE 2 18] 1)
MAE. MRSE. il r. r ({3555 0.82~0.52 F
0.87~0.56, % H r BN JEE KT . AIE{E %
K&, & FJBE O-kriging J7 VAT {H 45 R ) MAE I
MRSE /T IDW J7¥k, 4k LA EHN 2 2 5
S AN R IR A TIPS - i e (N DS B3] ]
SVEAE 50~704 mm, 1 H 2|7 H W EEE 2,
187 ik B KB R 25, FFRE TR CE 400,
& AR R 75 5 B R 10 R/ IMARTI T A [R] AR
feiadh, B FERT RO 0, SR 22 R .
GEREW: N T HYWEWNE, AN ERZ D,
O-kriging J7 VAl AR T3 IDW J5ik, WA
VR AR R 22 AR b Bl A B w2 0 T v i

Shy A VT V9 P A L 7 9 6o SR A Sl ORI A A4l
S A ARG PP, A3 P RS kA 1 R
7 AW ERASE A (R 5) ANk o5 4 b &
FIFEESE R (B 6). B 5 EWR SO T4 o 72

[F) R ZESEAR A, W] DA HH 78 g X B R 2 b 2R 7
FaAG ) AR A 25 S5, P R R AR S5 B AR A =,
LRI K B 2D, HH AR AT PG A e B 1) 3k
Tlio X Bl AR AR (] 6) O-Kriging
(AR5 R LG IDW S S, PR 00
(A PE I AE S B 8l APE AR AT
J5E LU SIEIME - 2% o (AN 3 i K, tBA7 IDW 4
AR T O-Kriging LS. #iln: 721 H, 19
Sl U 64 5k U 3 ) 0.40 R 0.47
mm/d, %FN IDW Fill{E34 0.41 mm/d, O-Kriging
THIAE A 0.44 F110.37 mm/d. %FT 7 %R, 60
Sl fUFD 68 5l g (R P AL S R 8.4 i
8.91mm/d, PN 7260 B (R PR 43 Sl & 9.08 Fil
7.9 mm/d, 7.82 F1 8.31 mm/d. FJLLFE H, W44
TR U 1) O-Kriging FE X A543l 557 (1 4R {EL 4L
AU o KT AR E IG5, 75 W PIRR T V0%
Sl R ) S A (Rt R R AR T

F2 1996~2000 & EF X A #4E M E O-Kriging 5
EER (SHRE. KREEE. BHRED MIRERR
Table 2 Monthly precipitation RMSE (Root Mean square
Error) and MAE (Mean Absolute Error) between observations
and O-Kriging interpolation results based on exponential,
spherical, and Gaussian models in Southwest China during
1996—2000 mm
i TR BRI AR FEHURRY
Ry MAE RMSE MAE RMSE MAE RMSE
1 H 0.17 0.26 0.16 0.25 0.16 0.25

2 H 0.20 0.34 0.20 0.33 0.20 0.34
31 0.47 0.94 0.45 0.92 0.43 0.89

4] 0.49 0.7 0.45 0.65 0.42 0.61
5H 0.77 1.04 0.73 1.00 0.71 0.98
6 1.23 1.63 1.21 1.62 1.21 1.62
7H 1.18 1.56 1.16 1.55 1.16 1.56
8 H 1.34 1.89 1.35 1.91 1.33 1.87
9H 0.81 1.05 0.75 0.98 0.71 0.95

10 H 0.53 0.70 0.52 0.69 0.50 0.69
11 H 0.26 0.33 0.23 0.31 0.23 0.30
12 H 0.11 0.14 0.10 0.13 0.09 0.13

33 MERREMREHRESRILLER

B IDW I O-Kriging SAIF 5T X 3 54 R 1)
AR i L PRI (EABE RO S O, Stk — 28 (R VP P i (1
IR o BRI 5 ] 1 W AR OB R /M 4
HARME (B 7D, X TRRiiRR{E, O-Kriging )
RS I IDW S InEE sl (e, HA2, Pifd
TrFIAFAE R RIR 22 o AWFFUX IR 93 ANl i %



S 7= 7 N S U I 24 3%
56 Climatic and Environmental Research Vol. 24
o Py o &
A LA P Bl o . .
° ° ® 3 .
~ 1.41 J e °J w~, s s o
S 1.06 * VO T e e .
X ° ° L ] .® L J \ 4
> 0.71
0.35
0 0.6 .21
PEBS h/m
6.51
~ 5.21
o
X 3.91
>~ 2.61
1.30

0 . . 0.45 0.6

BEE 7 /m

1,06 1.21

FEl 3 1996~2000 4F (a) 1 HAI (b) 7 H v [E P R X B w4 (19748 S o 4
Fig.3 The semivariogram model for precipitation in (a) January and (b) July in Southwest China during 19962000

1.55

B IDW
@ O-Kriging

125

0.95

MAE

065}

0.35F

0.05

123456 7 8 9101112

A
900

< 600 |

d 1

7K & /mm
w
o
o

6 7 8 9 101112
At

123 45

2.05

0.05

1.00

0.80

~ 0.60

0.40

B IDW
@ O-Kriging

123456 7 8 9101112
R

—e— r (IDW)
- —@ - r(O-Kriging)

0
123456 7 8 9101112

A4

5 4 1996~2000 4 H [E 7 g tth X 7 35 B Y IDW Fl O-Kriging #H{H 45411 (a) MAE. (b) RMSE. (¢) AF/KESLMMEL & (D fiEg AL

SNME AR R R AL -

Fig. 4 Monthly precipitation (a) MAE and (b) RMSE from two interpolation methods IDW (Inverse Distance Weighting) and O-Kriging, (c) monthly

observed precipitation and (d) correlation coefficients r between interpolation and observation results in Southwest China during 1996—2000

H AR & S AIE 18.81~75.32 mm (44 1%),

Hrr, 1 A% 4 A EREE 27 Suh, 11 H
15 65 Tk, HAbK HLE 56 Tk, KEB A6k
WA AE T 27 SR 56 Suli. HEHE

53¢ G 258 PR 4 LT 9 B R AR 2 08 45 2R ™ A K 3
Mg, LA 1 HANT IR R A, e R
EMRMEBON R T PAul JR A TR R (R 3),
PR ETE S R0 MAE M MRAE 347 W] &l %



1 34 AT T VU RTHLX E 0h BR R TR (R 5V A AL

No. 1 LI Jinjie et al. Comparison of Spatial Interpolation Methods Based on Monthly Precipitation Obsevation Data of ... 57
aaen 4@ }N\ 34°N
32°N 32°N ~
30°N - 30°N -
28°N 28°N
26°N - 26°N -
mm/d
0.00—0.18
24°N 0s0-0%| 24N+
0.38—0.43
0.43—0.51
22°N oes-0s1| 22N+
0.81—1.10
1.10—1.50 10—12
. 1.50—2.10 . 12—15
20°N - T T T T 20°N - T T T T
99°E 102°E 105°E 108°E 111°E 99°E 102°E 105°E 108°E 111°E
d
aaeN 4 © }N\ aaen 4@ }N\
32°N 32°N ~
30°N 30°N +
28°N 28°N
26°N - 26°N -
mm/d mm/d
0.00—0.18 29-49
. 0.18—0.30 . 49-6.1
24°N A 0.30-0.38 24°N 6.1-6.9
0.38—0.43 6.9-7.5
0.43—0.51 75-7.8
, 051—-0.63 . 7.8—83
22°N 1 0.63—0.81 22°N 8.3-9.1
0.81—1.10 9.1-10
1.10—1.50 10-12
20°N - : : : ! 1.50—2.10 20°N | 1 | . 12—15
99°E 102°E 105°E 108°E 111°E 99°E 102°E 105°E 108°E 111°E

BS 1996~2000 = EPTRIHIX (av ¢ 1 AA (by d) 7 JFEHRE (a, b) IDW A (¢, d) O-Kring B 45 R IK) 25 W) ) A
Fig. 5 Spatial distributions of precipitation from two interpolation methods (a, b) IDW and (c, d) O-Kriging in (a, ¢) January and (b, d) July in Southwest

China during 1996—2000
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interpolation methods in January and July in Southwest
China during 19962000
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Fig. 6 Mean precipitation from observations and two interpolation methods IDW and O-Kriging at individual stations in (a) January and (b) July respectively

in Southwest China during 1996—-2000

20 | - -@ - ARAMH SERME (a)
—@— O-Kriging B4
- -@ - IDWHRIME

15

WeRi & /mm d’!
[y
o

1 2 3 45 6 7 8 9 1011 12
R
7 1996~2000 4F P [E PG HLIX % H R () AR (b) M/ME R SEiiE 5 IDW H O-Kriging M 45 S HLA
Fig. 7 Comparison of monthly (a) maximum and (b) minimum precipitation between observations and two interpolation methods in Southwest China during
1996—2000
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