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Table 1 Datasets used in this study
[k 0.5°x0.5° GPCC( Global Precipitation Climatology Centre )
[ 2.5°x%x2.5° NCEP( National Centers for Environmental Prediction)
GRDC( Global Runoff Data Centre), NWIS ( National Water Information System ) ,
S HoOH 4 HYDAT ( National Water Data Archive: Hydrometric data), NRFA ( National River
R ’ ’ Flow Archive in UK), Bureau of meteorology, RivDIS( Global River Discharge), H
K SCAESE, SCHRIBCER BERE
DEM 90 m x90 m ASTER-GDEM V2, STRM-DEM
BT ) T 7K U 90 m x90 m B R R (2
bR TG 30 mx30 m GlobeLand30
R 1 km x1 km HWSD ( Harmonized World Soil Database )
NDVI 1 km x1 km MOD13A2-MODIS
N FRBUH K #ai 1 kmx 1 km SIS T AR 12
JNEL¢H 1 kmx 1 km R4y

2 W

2.1 EHRSRE-ETHXMXIS
SHRRAS AT X7 3L T, R 1960—2016 A Bk K I REMRE, B0 2ERAES X 2% LA

TR IXAR AR Y SR K-Means TCMUBH K071, TERBRAME S X AR 1R 4 T @3RS A 840

X, AR XAEPR EEE R T HIE A | MRS A | RO E AR W SRR, BARIRAR SR 2 R,

®2 RE-E£ESRER

Table 2 Indicators of climate ecological division

L] e Bk IR EE ! ey BAE R
S i STRM-DEM i 1T
W AR ASTER-GDEM I T
PeANTIEA i i
TP A T T AR GlobeLand30 W &R A GlobeLand30
HEA AR PN T
PR T AR
e kA
T ek HHEk HWSD KR
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2.2 ERMEHKFEXRFKREITE
2.2.1 AFARRE FK A IR

Z IR A EK GERZE A LI AR AN Y 1B AR 7, i S0 A58 A a0 /K 30 5l R AR K 9% U i
HETTLE A B K AR PO X A = K R4, Hop, FE/K Sl i BUHK B IR LIZR B FEK RECk IR . A0S
FRAErh E AR AR B e 2 5 e K 280K 0.5, 5 Shiklomanov FITFSE AR A —3"™ L Hy o0 s2il %k
i, ARG RERFEK BRI 75 R S8 K 5
2.2.2 RFHHRE FKEZRHAEAE

BEXT I ORI L IX = K BB B BOBAE T 18, ABEFENT 5 5 ik db AT 1 B A . (D R R B i S i
B S ARAET , AR AE NS BB P X SR 04 77 7K R BT 25 T A, R BRI AR M B3k 1 7= 7K &R
B @ FTAME- A X R B A A, RS AR S - AR AS AT X P A A T B s TRl A
@ WEYL, REFEET e I K RS YRR Z B R EOC R, I HHE FIAE <« AR D
TR BE K 250, @ Wy FEAR I, SR8 M PE it B ARRAE A AR DR R B I AT dek 7 () 2 B0 RS i 2] R I
B SRS ET R FUK ORI KGR R B s OCHE L 2, PR 4, HOE S T ERAE | AR
TR S A DT Y 26 NRAESEGATHRIME AT (WN3R 3 R ) . @ WA, RiE % RS ]
B A FRE YRR L R R, AHIF TR A0 A A5 40 DX 11 52 8 A (72 R0 ) B AR ALV AR 45 A (A T TR Bt
M SR, EREED M- A XN, RIS R AE 205 < AR I A B AR AL 22 B
7, PR X B K R A T A (AR, R AR AR B K R B

X3 YIEBHTSH

Table 3 Physical characteristic parameters

sebr P K ST sebRTy P KSR
AEREIK B/ mm Rk Hrb AL %
Mok st WEHLETRY %
A/ C KRR %
A AE AT R e o FH 3 BB % ﬂ%,g 7‘;
AT AIRAT TR %
AEZR K B/ mm PRI TR %
R RGEHWH UKNTTRY %
i FE/m Rk FEMIRL %
ML M5 MR /m AR o B TR/ % i
B/ (o) Lk R MU AT % e
T TR T T 5 NDVI 550 EHE
L - N
O e iﬁgj‘;f Ho s P FE 2K AR

2.2.3 RFHME FK RGBT EHKE

AN A BRA GORH 29 383 NIUZOK BRI, BENLIEEE T 70% (320 568 A PUZK B X)) 15 by i
ABEA, AR 30% (348 815 AN) VERBHEREA, KRBT HRIRZE (E ) FIDE REC(R?) X Lk 5 FhZ 4k
RO AH 73k 0 HEAf B A T B0 E RO E
2.3 FMERWIESE

S MR EK IR ZE S RN B AR AN ) 0 H AR 7k, BT 77 7K 72 BORN B 7K B0al AT AR BB IX 3ak 11 1l 3% K 9K
KGRI, AR ERE 19 A E G E A RINBENLIERE 3 4> EI5) XM 45 S TR
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3 HR LI

3.1 EWRE-ETHTXUS

BT 1960—2016 F2BRRG B FIA ST, PFRAFEEK 13 P s X, SEmmR e 4855 X1
FRAC B 26 05s, ARICT 4Bk 220 M- L0 X, SR IR bR EAT T PRI M, 45 R EA XK
T H bR 2 AL AH B 7 AN FEAE S S
3.2 EKLERMX=KREBEFTEHMRE

IR 5 FhSEORAE  E OBERURS BE anZk 4 s, WTRARER, S5 RUNRUE B9 I i 85 28 M4l By L AR kL, 2T
AR AR S A IX I 2 B S 28 A (2 AR 25 DA 0. 126 FRAKEN T 0. 121, #esE 240 0.706 #£FH5) T 0.719,
VLA 8 AU - A2 2540 X S I 8 2 (R A ik v IR S SO MRS . 78 5 Rk, A6 7 ik il
ROR A, YO iiR 2E /AR (0. 114) , Yo REUR S (0.744) , EUITE 2 BRAUR- £ XA EAL |, RAY)
PRAFAL 5 2 B0 2 25 (MR AR VR AR S5 A 04L& i, vl DM TR X IRAS B HERR 0 =k 2%k, L, A0F5E
FKHAE TR T TR IX AT SRR, SE M PEA 43R b 3 /K 9 R i
3.3 BEMRAKZERERTEMERSEEEMEST
3.3.1 PEHREAKKRENLKIE

BT ARBFE B A T S e A T E Rk R AR T, 5 COR EK IR R ) B BRI T X H,
S5 R AR SO A R 5K IR AR TP BRI A RER R4 (ANl 1 iR ) o AEXT IR 228 0. 047, 7R 2E
144143 4 m*, GTRCRRECKH 0.605, UEEHZ I A v S N 3T 25 AR X R

*4 TRSHBEENEELL o 0000 NvrEARRE - AR

g
Table 4 Accuracy comparison of different T%ﬂ? 32 000+ 2 A
i il
parameter transplanting methods i \ ) ‘M‘ N ‘ /
; £ 28000 AW AT AR
Ttk Egus R = | N \\ W\ f
2R A ST & \/\J | v
23 (AR (B (RN L) 0.126 0.705 ;{é 24 000+
72 AR EIA (3 XU 0.121 0.719 2
HiBlk 0.156 0.516 20 0010960 1970 1980 1990 2000 2010 2020
GJERS 0.140 0.613 S 1
A ik 0114 0.7 1 e K VIR ST R

Fig. 1 Comparison of surface water resources in China

3.3.2 EREEMEAKFTRIFNLBRE

AW BEHLEREIFIHEE T 18 DN ER M AR AR BT, JEMTS FAO & AR AT L, 453 B
XS] 58 N K 2K BT 1 R AHXS IR 22N 8. 2% , REBE R MER S FAO Bidli—2, BEHIANIF
FEABITEOT B2 AT, AR A IS R SR OK SRR IR SRR I Y AR o, IR 2 AT L&
B, FAO KA E K (ANEDEE | 513k | PEERRLT A5 ) A S8 2K BT IR i Bl S ] 52 06 1 Ao 4t 2k
IR PR Tk 2 [ 5 A N 4 3 SRR B IR B AT AR SRR, FAO 2 T35 23 4F i A S0 2 47 4006 R A S 3R
I MEZT, AR K R KRR 3R AT 04 b 28K e 5 2 0 B AR (B RRAIE RO T B K AR B
PSR ARAE , A& A RSB WAL
3.4 ZEXRBEXMBMRAKZFEEEETHE
3.4.1 &AL KM EMRE I

BT ERTTE, ARBIFERE T 2K RN AP R R AR K BT 2 (W) A 28 5 3, Anfel 3 s,
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KRB 500 mm B POHIK B IX K ZHE DRI EE A A B0 . I Safb ik . Jb S V0= FIEp e
PO AEH DX, MRS o H X S 3 A . 658 rh R AT P 8 X I R AR AR P RAS /2 100 mm, &5
REOAMEIFF AR,
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Fig.2 Comparison between the results of this study and FAO
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Fig.3 Global surface water resources spatial distribution

30°E 60°E  90°E 120°E 150°E 180°E

BRI R B9 22 AF 1 2y M 2K BRI AN 3R 5 TR, AT RAS 9 42 Bk b K BE LB R 2008 4. 11
JTikm?, AT EAWIFER(3.88 71 ~4.47 77 km®) ZIA], £ RN K BEI T Hr 45 R 5 C A DF a5 /b
FAR—EL, ULHACHEFEXT BRI R UH ) i 2R B IR 25 e & BE )

=5 EIKFHFEEZTHERITLE km’/a
Table 5 Comparison of world water resources assessment results

BRI Y IR R Je3E EES] RFEM Ere2
k[ 11] 13 190 4225 3110 5 960 10 380 1965 38 830"
SCHR[32] 14 100 4 600 2970 8 120 12 200 2510 44 690
SCik[33] 14 410 4570 3210 8 200 11 760 2 390 44 490
CHR[34] 12 200 3 400 2 800 5 900 11 100 2 400 37 700
SCHR[35] 14 410 4570 3210 8 200 11 760 2 388 44 540
SCHk[36] 13 508 4040 2 900 7770 12 030 2 400 42 650
SCHR[37] 13 508 4040 2900 7770 12 030 2 400 42 650
SCHR[18] 12 510 4050 2900 7 890 12 030 2 400 42 780
SCik[38] 12 461 3950 6619 7 443 12 380 911 43 764

AR5 13 340 4267 2300 6076 13 588 1487 41 0587

(1) AEEH2 100 km®/a; (2) AR 2 310 km’/a; (3) AEEGHIN 2 000 km®/a; (4) AP 2 230 km3/a; (5) FAO 7E
PEAS AR D T AR R, AT SR R D o BRI A I 38505 (6) RIS EMAEIRE L 2, (7) AR SEREEARG

FERE 1 =2 I R A

3.4.2 A RIEHIBFE KT R IE AL HT

1960—2016 4, A 3RAF1E AU Hh R A G I A I (] 22 fE R AR QN 1] 4 B, 1980—1990 4T, 4xBKAN
A TN Ay b e AR GE VR AR A S A AT RO I 0 0 e AT, ) 1960—1990 4T 42 B b 3R K ¥ I it 2 0 ks
1990—2016 4 Z I DR AL AT, 434 KMKRE, JCIEM . 5 3 AN SIZ PN 174 b 2 7K 5% 5 o 24 S B S 184
JE U AR T, BT R BIAL T 1980 4F | 1985 AFEFN 1990 4E A AT 5 BRUNAIRVEUN 2 B sl R, (HEEA
TS AR B shis S, Hirh 1960—1985 4E A1 2000—2016 4F5: W B A /b a5, 1985—2000 4F

EeBb Lyl IV SRR

HE— 42K ] Mann- Kendall K656 25 %55 4Bk A4 K 3 e /K B PR 19 A8 (b G 3 A g & e e AT 0 M, 45 3R
B S iR, 1960—2016 4, 4Bk F /KGR SRR B /by, R0 2) 2384 {2 m?, Horp, R
R SEPN AN SE DN Y M F K e TR S Pd D #3434/ 149.6 /2 m’ | 108. 1 /2 m® F143.2 {2 m*;
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Fig.5 Change trend and significance test of surface water resources



710 KB B R %31 %

1960—2016 4, ARR YLLK BT X MoK BT A2 A 3 A 23 [ 0 A A P 6 Frzis . Rk Bt i B
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Fig. 6 Variation trend of global surface water resources
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Evolution characteristics of global land surface water resources*

YAN Denghua'>, WANG Kun'?, LI Xiangnan'?”, QIN Tianling'”>, WENG Baisha'?, LIU Siyu'’

(1. State Key Laboratory of Simulation and Regulation of Water Cycle in River Basin, Beijing 100038, China;
2. Department of Water Resources, China Institute of Water Resources and Hydropower Research, Beijing 100038, China)

Abstract; To explore the evolution characteristics of global land surface water resources in the changing environment
is a hot and difficult issue in the current hydrological and water resources research. Improving the accuracy of hydro-
logical forecast in the ungauged basins is important for accurate evaluation of global surface water resources. To solve
this problem, we first divided the global climate ecological division, compared five parameter transplant methods,
and found that the combination of inverse distance spatial interpolation method and physical similarity method has the
highest simulation accuracy, and then analyzed the evolution characteristics of surface water resources in the world,
continents and key regions from 1960 to 2016. The results are as follows: 229 climate- ecological subareas are ob-
tained based on 13 climate regions and ecological indictors, using the Koppen- Geiger classifications method and the
unsupervised classification method. The global surface water resources is 41.06 trillion m*, showing a significant de-
crease trend. The surface water resources show significant decreaing trend in North America and Africa. The level 4
water resources zones with declining surface water resources trend are mainly distributed in North America, North of

South America and Central Africa.

Key words: surface water resources; evolution characteristics; climate change; climate- ecological division; un-

gauged basins; method optimization
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