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Fig.1 Spatial distribution of meteorological stations
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Table 1  Coefficients and R values from stepwise linear regressions of monthly average air

against longitude , 1 de and elevation

B # 1 2 3 4 5 6 7 8 9 10 11 12

R 0.970 0.973 0.971 0.977 0.977 0.975 0.975 0.977 0.975 0.981 0.978 0.971
RT_E -0.679 -0.772 -0.873 -0.948 -0.966 =-0.961 -0.965 -0.969 -0.962 -0.917 -0.814 -0.723
RT_LA -0.579 -0.453 -0.250 -0.017 0.256 . —_ 0.178 0.057 -0.199 ~-0.413 -0.536
RT_LO 0.568 0.500 0.414 0.324 0.160 0.220 0.249 0.260 0.315 0.464 0.552 0.59%
CO_CONST 702.938 720.497 663.674 601.970 493.599 464.073 452.744 491.487 517.783 548.076 605.189 594.843
CO_E -0.043 -0.045 -0.046 -0.051 -0.053 -0.054 -0.054 -0.053 -0.048 ~0.046 -0.045 -0.042
CO_LA -14.349 -12,145 -8.661 -5.126 -1.659 — — ~1.033 -3.157 -6.886 -10.629 -12.715
Co_LO -1.683 -2.207 -2.315 -2.261 -1.894 -1.780 -1.464 -1.643 ~-1.680 -1.354 -1.267 -1.040

H: HREEN 95% BEKFTRLEBLR. R HEHXRY,RT_LART_LORT_E 3718 B 55 5 43 BE RO AR 0 BT BLMI 2 R

“ ~"FRAREBEMKKR. CO_CONST,CO_E,CO_LA,CO_LO X ERMY B L EMSEEERK,

HKER, MASEEHHEXEXRREE, R
BENTHIARFEMRRR, SERHELES~8 A
RRFAFFEBEWMR, EREA GRS
BN BRT 11 Af012 ASMRE0.2 ZTF,

X RFEH MBERBRRARHETESRA
S, REE A KBS A 7E AR BURBR 2 AA
LRFIRID, AL S S FER A K, T ELAR et
BUN, EHRRHBAS 1K 0. 629.,0. 572, B/
R%0.268.0.261 (%% 2) , XEBER B FHME
MEETFRT 25 .4 EMBREES, K HES
BETRERENZ BEOPW, BERBRNE
BRENE RE BEMRENE,

2 FIEERIEEL

2.1 REFHFHEAER
BB LRERRXRTTLUEH, FARHSK

ERXZHEETHEWOARRE, B, FREH
KEEERIMRARRNR BRI o
2.1.1 B
MEREREREWEFRHEESHTUF
HBESEREE 2% SENXR+2E,
FEAXRPGAE 97% ML L, B, X FHRENK
Bk, AR A EAM TS5 AEEEE SN
%, BAMAMANBERESERRE Q8.
SEPEOEL EEMIGER, BILEARKREE
RIEE 2, 3R A 1km DEM MIZF. 4R W
GRID ¥#% 32 F§ ARCGIS RASTER CALCULATOE
FTEBISKERMERE, K5, A58 A0
ENESEEESHMZEENRSE, BRESE
7S [EHEE T B TIR . BUR  IBE# S T
WEMGINRE N KSR, dTEER
THEEFRREELESENHE T X2
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Table 2 coefficients and simple correlation coefficients of precipitation against longitude, latitude and elevation
A # 1 2 3 4 5 6 7 8 9 10 11 12
R 0.758 0.830 0.823 0.880 0.843 0.852 0.820 0.834 0.882 0.855 0.832 0.681
Rpyy -0.730 ~0.811 ~0.753 -0.825 -0.843 -0.852 -0.799 -0.800 -0.874 -0.804 0.618 -0.591
LS Ro o - - 0.636 - - - 0.578 0.620 - - -0.615 -
Rp g -0.100 -0.059 -0.189 -0.189 -~ - - - -0.003 ~0.176 ~-0.467 -0.253
R 0.372 - 0.268 0.417 0.598 0.629 0.616 0.603 0.526 0.309 0.265 0.539
R -0.372 - -0.268 -0.417 -0.598 -0.629 -0.616 -0.603 -0.526 -0.309 -0.265 -0.486
KA R:j:, - - - - - - - - - - - 0452
Rs g - - - - - - - - - - - -
R 0.459 0.293 0.347 0.53 0.562 0.572 0.565 0.573 0.532 0.261 - 0.291
WMIEHRM Repu -0459 - 0.347 0.536 0.562 0.572 0.565 0.573 0.532 0.261 - ~0.291
. 4 Rem 10 - 0107 - - - - - - - - -
Rem g - 0.224 - - - - - - - - -
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RIOTEREUE . 88 PR A L FRARE A4 5 I
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SCR A IDW 01 Spline PRy 77 #3847 3¢ ELBFSE o
2.1.4 SEHEHET
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SEEME . (Kriging) . IDW 32 LAGRE &SRR A
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I8 A MO AR T AR A,
7 E

PRl M

A Z AFERH NS S ERMEANE,Z A
SBiNRNE,d RHIEESDISE | R KEE
B HRATHENS R ANE . p INEREY
IDW J5 80T LUB S B3 P M B M S BT

Ak

SPER S/ BER T BEENELR,
it ER AR £ TR BATIR A T LR R
BrFRER , HARBKEAES RXRI] .

Kriging 3 A RS 4620 & " 338 4K 3, # A
FAREPIFE RBRAEHERLBANIAE R
HETHE RSN SOE, B S FERM Y
1 EA R MBI AEA . AXRAEER
H#¥(Ordinary Kriging, OK) , ABEARR :

Z = Z’.IMZ(XL‘) (2)

A RBRFUSASRERME Z(X) WRER
RERBWRERME Z(X,) SEHHE Z TR,
AH EERREMAESEND T ERE, B
Kriging {8 #9 X 68, A F W CER [ 11 ~ 12],
Tl EREN R ES SRR fE TR
REBEICHA e HE REH BREFA,
2.1.5 KBHE

R FAZE B AE ( cross — validation ) £ 75 B K 5
UEA 1A B 4 X3 3R 25, 3% B F- 39 1R 2 (mean error,
ME) (&%} ¥ 11R 22 ( mean absolute error, MAE)
¥ 75 # iR 2= (root mean squared error, RMSE ) 1 3
KR, BHRRENREIREN:

i (Zm' - Zci)2
RMSE =\ +=—— (3)

KA Z 05 i DU E L ERRRUME, 2, 0% i A
YR EIHE, IR B REE
IR, B FAXTRE GRS 1 (R (1Y
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MSSERERENER LR, NI, F3GIAT
AR EIRE MRE S, X 31k 2 B 4 %0 735
RESHATWERFHER G, 70, REE
{EA RN X K ErE LR SRR IR (VS

3 BRI

3.1 SHHRUER
3.1.1 BREtiie

fEF IDW 1 Spline J7 0 SR B R IGHL
ERR AT FEEHURAL, X T Spline FHESRER
RAF WS E P EHHELT 0, T IDW J7k, R fe
B P74 MSKBERNZREEPHARRNE
H(RE3), BikLE, BEMKRESIHRFER
P UM, K IS E R BB MBR, R T RER
K PR S 7 DX SR B IR AL A BB, B K A 7E 2R
BEEAMHERK, EFVRLERANLSE
BR,EEBBD, 50, i TRERKRES SHHHE,

3.1.2 SEERNEM R

BHRSKBERITEENTFEE T R EE
A A% 1) A ) P B S B A RO, (B R el T
BB E RN , HBT RS IR %
FRYEWHAE AR, HEE LR 3, WET LA
HEME(RE4) . FTLIE S, KRS E R UE
AR K T AR &HR, RERIUE R
B BRI T WA KK A5 B AR 1 AL
MR, 3F B S H M TR MR AR A R B R
MRK B — B KPHIR S — R 4 1 i i
AE, B TADIE XA FRPR A, 775 3 X 2 5 B
DERKREREIBREF 9 ~ 11 A G4 i e
AR5 ~8 A KR\ UL BN, HE
At AR 8o WEARREZ MR IR
1 %/ A T R, S TR K R
3.1.3 R REMA

B F R A K Kriging 25 [EHGE I B E LT
HETE, LR H BRI TRATE.
FE3B ] Kriging J7 ¥ B 7 P, X 2 20 5 o 3O 2%

HFHEBCORRE R ZE TR o A R P REYET TG HRE
£3 BERIEERLHFEREP
Table 3 Optimize parameters in the IDW
At 1 2 3 4 5 6 7 8 9 10 11 12
BE 1.556 1.000 1.000 1.620 1.687 1.609 1.000 1.314 1.183 1.000 1.000 1.000
43/ 4 4.269 3.384 2,705 2.806 3.371 2.250 1.806 2.300 2.000 3.568 2.000 3.024
KEES 2,340 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.500 1.757 1.503
WIER IR 4.269 3.384 2.705 2.806 3.371 1.000 2.260 2.300 2.000 3.568 2.000 2.000

R4 SKERTEASHNEARYE

Table 4 Anisotropy in spatial distribution of weather elements

A 1 2 3 4 S 6 7 8 9 10 11 12
Ipw 1.000 1.000 1.193 1.000 1.000 0.515 0.515 1.000 1.000 1.000 1.000 0.677
B KRIGING 1.000 1.000 1.286 1.286 0.857 0.664 0.714 0.714 0.857 1.000 1.000 0.902
IDW 0.837 1.000 1.000 1.000 0.837 0.837 0.674 0.674 1.000 1.000 1.000 1.000
KA SP 1.000 1.000 0.810 1.000 0.840 0.840 0.810 0.670 1.480 1.480 1.480 1.000
. Dw 1.000 1.000 1.193 1.000 1.000 0.837 1.239 1.000 1.000 1.000 1.000 1.000
RN SpP 0.810 0.840 1.190 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000

TR R K E A B T B R A48 B A5 Y ( Exponen-
tal) AE,QFE 1 ~5 A.9 A 12 AEREREER
PEBRE, HKEBRIEER (Spherical) ,H 6 ~8
Afi10-~11 8,
3.2 REB{RWIELER
3.2.1 BF

R BRI X AL B BT, B R iHET LUE
BEAMHEHES S, FEBQLTRENIGES S,

Xt FRBERFEER AT IDW 1 Spline B f 73t
e, HRIEERINER S E 2, B&4LE B
UEZ5 3 Spline ¥t IDW FEEER, KRB A
X SRIEEROR M ME B 11,12 A %458 455,
Spline i BiR ZEH/NTF IDW i ; RMSE & 11
ABLASNER R Spline 753K L IDW J7 35 R 4F , B
J5 ¥ RMSE SF-#{E 451K 1. 010C 1 1. 027C;
MAE . 2 3 A 13 & Spline J5%: t IDW J5 3 R 47,
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Table 5 Cross - validation of remnant errors of temperature unit:0. 1C
i 1 2 3 4 5 6 7 8 9 10 11 12
ME  -0.200 -0.128 -0.061 -0.120 -0.402 -0.714 -0.392 -0.480 -0.350 -0.292 -0.051 -0.159
IDW  RMSE 12,640 11.370 10.960 10.710 10.450 9.799 9.979  9.241 8.798  8.214  9.543 11.490
MAE  9.505 7.923 7.934 7.884 7.578 7.09 7.045 6.658 6.540 5.976 7.214  9.129
SPME 0.162 0.014 -0.015 -0.040 -0.072 -0.139 -0.219 -0.179 -0.185 -0.296 -0.161 0. 184
SP RMSE 11.720 11.340 10.960 10.870 10.440 9.380 9.950 8.755 8.564 8.182  9.611 11.370
_ MAE  8.758 7.923  7.951  8.000 7.512 6.907 7.057 6.555 6.495 6.012 7.304 8.854
i b
e LY ( S (%)
Value Valus
[_J2-5 ﬁ [ 1-56 Y
CJs-10 : h [ s-10 o )
[ho-15 2 [ 1 10-15 ; .
B is-20 .3 I 15-20 g
Bl z0-25 ,3? Bl z0-25
s B s5-2s

B2 W7 A TRENIEE (a Js IDW 3 ,b 5 Spline )

Fig.2 Map of mean temperature in July in Gansu province with IDW (a) and spline (b)
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XATRER BT PN A IR R R S AR,
TREIR 2 K 5 B0, Spline 1 IDW B ff 7 B/
FEHNRERTFHIN9.56% F1 9. 66% ,AHEAR K,

i 2 O] LAFE H IR O SR AR AR AT B RO T
ATRE R X R MLPRRI, AEb L ARE 1L
TR S AH R ERERSE BENRER,
AFACINFARE L Z B R HEHMER T 2488
BREHEX, ALy, MAEES FELAER
WX, RRMEBZ BN EER KB 458
%, IDW kR EREMRESFI N 2CHM 27T,
Spline U435 1°C 0 28°C, IDW Jr i 1 {4 T °F
Htk. 5350, IDW SE{E AR BE I Spline 5, oAl
fa 1 Fik#% Spline J7 k#1710 B 5% 2 W46 1H
3.2.2 F&Kk

ASCRF T Kriging #1 IDW B #6751 %t & K

BT T A (B, A LI IELE 3R F , Kriging 7%
BvE RLT IDW 53, RMSE HA 1 7 {7 Kriging
KT IDW, MAE fF A A 1 Kriging 5 3 #5/h+
IDW, Fifh 73 ) RMSE SE {84858 :7. 89 mm
F18.70 mm, MAE % 5.39 mm f16. 12 mm K5 T
BREERE . PR EEHRZRETEE S 5A
0.1383~0.3 780.0. 1 683 ~0. 4 038, E-HAEXIR
ERN:20.61% F23.45% ,iRER K, HELE
FHMEMER—F -2 A TFAEFHH3 ~ 11
AP R ZEFR AR 17.19 % F120.01%,
Kriging J5 555 TR HIREE

B 3 AT LA Hy , PIA e (R B0 A 19 = B
THM AR KAz [RIAR AL, AR KB K i 7R 1 7Y
AR, F L DR [ YV SR s v, T T SR
T2 X FEAKIR D, 2 R X BB X, £
9 B T R B R X R — N R {E X
3.2.3 KPS

K PR%E R F A B R 7 38 LB TESS R Bk
/2 Spline /748 F IDW ik, ME HF 3 B
Spline ¥ K F IDW,RMSE H& 3 A# 7 AH
Spline 77 ¥ f§ X F IDW, Spline #1 IDW #F
RMSE 435134 :21.78 mJ/m® 122.15 mJ/m’, &4
MAE 43 51| 7 :16. 22 1 16. 44, #f 0f 12 22 3 UE 45 3R
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A0 |00 Il E0-100
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B3 HlE 7 A¥HEKEE (a Xy IDW 5,b 3 kriging %)
Fig.3 Map of monthly mean precipitation in July in Gansu province with IDW(a) and kriging(b)
_ F6 RBAHEMBEREXIXBIEER
Table 6 Cross — validation errors of precipitation for the two Interpolation method unit; mm
A 1 2 3 4 5 6 7 8 9 10 11 12

ME 0.017 0.025 0.005 0.016 -0.008 -0.072 -0.002 -0.029 -0.008 -0.028 0.012 0.024
KRG  RMSE  1.582 1.609 4.090 5.450 9.967 11.370 21.580 17.990 10.790 6.749 2.119 1.388
MAE 1.057 1.098 2.706  3.658 6.561 7.897 15.484 12.768  7.251 3.857 1.472  0.906
ME 0.080 0.002 0.003 0.003 0.000 -0.108 0.859 0.551 0.063 0.000 0.020 0.062
IDW  RMSE 1.619 1.758 4.524  6.209 11.360 14.020 22.470 19.132 11.490  7.582  2.842 1. 464
MAE 1.154 1.248 3.012 4.334 7.810 9.979 16.077 14.205 7.989  4.878 1.794  0.967

H% M RERIEFRERMMR, LFER,RHEA FEZL(E ), HREKHES 2R LS
(T HE6) . B RS X F Bt T H AT R I A
PR AR E A R AR BT A R TORFARS AR, AR R & 8 L SR B, i B 2 AT R

®7 KHREHZIWIE

, Table 7 Cross - validation errors of solar radiation unit: mJ/m?

A 1 2 3 4 5 6 7 8 9 10 11 12
ME 0.052 0.587 0.055 -0.380 -0.091 -0.018 0.134 -0.371 -0.255 -0.215 0.697 0.584
Sp RMSE 24.220 16.500 25.180  21.330 25.360 25.070 27.510 22.770 24.600 15.900 15.310 17.600
MAE 15.648 11.946 17.202 16.405 19.318 19.959 21.868 18.419 16.844 12.862 11.781 12.360
ME 0.483 0.713 0.034 -0.597 -0.287 -0.176 0.152 -0.828 -1.557 -0.375 0.450 0.680
IDW  RMSE 24.650 16.590 24.560  21.700 25.600 25.430 27.350  23.420 25.460 17.170 15.990 17.890
MAE 15.645 11.826 17.145 16.608 19.638 20.201 22.001 18.914 17.374 13.307 12.136 12.477

26 P L) ARy

Valiee Yalue

583-600 BT5-600
[ ] BOD-625 [ 800D-625 I
[ &25-650 1 626-660
[ 450-675 ] B50-675
B &78-700 B ars-100
B 70a-T25 B T0e-T25
I 725-750 B 725-750
W 750-780 Bl T50-780

B4 KEHESET A PHWEE (2 IDW J73%,b Jly Spline 3%)

Fig.-4 Map of monthly mean solar radiation in July in Gansu province with IDW(a) and spline(b)
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A PR T RS RY AR, DT (o 40 7 e X
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TR FRESHETE
3.2.4 WTEHAR

TTEZERURR ] IDW A Spline W 7 i34 T
WE, EERIESRBR(LWE S L) . Bk L
Spline 7 E:4fF IDW AH:, ME RA& 1 A Spline

HEAKF IDW, 4 RMSE 43504 11. 91mm F
12.07mm MAE %7.7.80mm F17.96mm, AHX}{%%E
i 7 :0. 0786 ~0. 1899 0. 0764 ~0. 1997 , F-#4H
SRR H N 10. 65% 1 10.57% . BFN Tk
REMSRERG Y RB T HR G BEEREW
HEER, RIANFE N EICESE, AL &R
V- R, A H R R R SRR, AR
KPR EX, WAEESRREHS /I
B hER, KRN IDW F 7/ X B5EENIE
BAR s A FLC B, FofT 1A Ky Spline J5 i B 47 —L2,

a
& o
B (es) B% 1 (an)
Value Value
] 108-130 | 108-130
1 130=150 1 130=150
3 150-165 1 150-165
= 165=180 1 165-150
== 180-200 I 180-200
Bl 200-232 B 200-232
Bs ZEECREN T AFMHEE (2 ZDW ik ,b 59 Spline %)
Fig.5 Map of monthly mean evapotranspiration potential in July in Gansu
Province with 2DW (a) and Spline (b)
£8 BEFUBTNWIEER
Table 8 Cross — validation errors of evapotranspiration potential unit; mm
Aty 1 2 3 4 5 6 7 8 9 10 11 12
ME -0.010 -0.173 -0.450 -0.591 -1.669 -1.776 -0.970 -1.560 -1.640 -0.807 -0.189 0.066
IDW MAE 3.597 4.758 6. 603 8.561 11.111 12.429 12.310 10.865 8.990 6. 145 5.253 4.936
RMSE 4.670 6.560 9.371 12.280 17.022 19.598 20.152 17.602 14.421 9.402 6.853 6.857
ME 0.014  -0.112 -0.228 -0.435 -0.817 -0.904 -0.759 -0.772 -0.918 -0.284 -0.074 0.079
Sp MAE  3.687 4.802 6.528  8.762 10.802 11.647 12.005 10.471 8.636 6.074 5.270 4.955
RMSE  4.776 6.636  9.252 12.470 16.790 19.050 19.510 17.190 14.170 9.445 6.855 6.816
+- A .
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Study on the Zonal Digitization of Agricultural Climate
Resources Based on GIS
—Case Study of Gansu Province

FENG Zhi-Ming, ZHENG Hai-Xia, YANG Yan-Zhao

(institute of geographical sciences and natural resources resesrch, the Chinese academy of sciences, beijing 100101)

Abstract: In research of agricultural climate resources, the zonal digitization of climate data is very important for
optimization, collocation and high efficient utilization of agricultural resources. Using 11-year of monthly mean
air temperature, precipitation, solar radiation and evapotranspiration potential at 112 station in Gansu province
and adjacent regions, we combined the methods of stepwise regression analysis and spatial interpolation to region-
alize climate variables in Gansu province. Based on stepwise regression analysis,we chosen the methods of zonal
digitization. The two methods of spatial interpolation were applied for every climate variables, and farther the re-
sults were validated and contrasted by absolute errors from cross-validation test and relative errors from proportion
of mean absolute errors (MAE) and corresponding monthly mean climate variables. The results of mean absolute
errors were ranked as Spline < IDW for the residual of air temperature, Spline gives lower mean absolute errors
which averaged 0.744 C and relative mean errors(RME) averaged 9.56% . The rank of precipitation is Kriging
< IDW, Kriging gives lower mean absolute errors which averaged 5. 39mm and relative mean errors averaged 20.
61% , yet kriging had lower relative mean errors of 17.19% during crop growth seasons. The rank of solar radia-
tion is Spline <IDW,Spline gives lower mean absolute errors which averaged 16.22MJ and relative mean errors
averaged 3.40% . The results of mean absolute errors were also ranked as Spline <IDW for evapotranspiration
potential , Spline gives lower mean absolute errors which averaged 7. 80mm and relative mean errors averaged 10.
57% . Compared with these methods of spatial interpolation, Spline is optimal to apply for interpolating remnant
errors of monthly mean temperature, solar radiation and evapotranspiration potential, Kriging is suitable for
monthly mean precipitation. On basis of relative mean errors, the four climate variables were ranked as solar radi-
ation > air temperature > evapotranspiration potential > precipitation, but the zonal digitization of the four cli-

mate variables all achieved good precision.

Key words: climate resources; zonal digitization; regression analysis; spatial interpolation



