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Abstract

This paper summarized the research progress and application fields on hydrology and water resources
on the uncertainty of climate change. It was mainly due to the limited understanding of human beings
about the hydrology and water resources uncertainties under climate change. Although scholars and ex-
perts attributed many factors to human activities, they ignored the uncertainties of the system itself. The
paper summarized the common uncertainty assessment methods and estimated the uncertainty of fu-
ture climate change to study and forecast the hydrology uncertainty more accurately. At the same time,
the paper came up with clear research direction and guidance recommendations. It is significant to seek
change adaptation countermeasures and promote sustainable use of water resources in the context of
global climate change.
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1. 518

W5 S BRAE 22 UF M A AN N RIS S I e, A ST BEE B, BRI R AT, BRK
FIERE, HAKBEENL R BACRYE, B 7T B AR ARG Zh R0 A H AL 22 AROR [ e BB} 252 5 Jig
B RBE N ) RE[1] o AxBRARIE 22 B B RAEF AR S, S hERIA SR E ™ M, SR Bk 2 KT .
EERARIE AN ARG IEE S B, it —PXK R, SRS, @l kR, BUaK RS
PRAERIE 2] URAAL R R ERTE . SR FERILR, AR WIPNGEE[8]. KA - K - Ve -
el - o0 S LA B R TR A M S 5t DA S st A R 2R A5 3R R 4 AT RE 2 S B UR AR R R, AR
M i K] A AN B0 5 10 220 M PE AR B AE S R IR P A 5 BRI S . CO ¥R FZ 5 FE AR S AL . A BRERAE 34
HOCRRARIE S A SRR AR TG S T T[4 A [RIB BOW K SCRERY R SR AR DGRA — 2, . R/ 20
BT e AN KOO, G S SR E A S MR F e A IR, AT R 7R 7 AR R IR
oA A S T OB RN, FH 3 58 B IR K SR RUBFURE R K SCHE 55 10 4R TR SIS R K SO AL
AEPROK SO RN Z A B R 5 AT NAS R F 52 BORE R e 1 7] — MR 0 R Rk SO R AR 22
AEKR. xRS, BATVORBIE 2 AR A RS AR PR AR R R R H 5 T RSB DR,
i BB T B KSR R I R SRR A AE A RIS . AN FRRE B AOANIH E 1k XA AN 5E TRV T
RS BB FAFAE RS TP RIRE, AR S T EORRZAHE N, B2 R RAE AT . Bk
MIFA T B AR BURSR BN AR R AZ AT 5, AE AT 0T BEAM B0 R RA RTBETEATAT WA, 1
HITJm 34 9 e 1) A

H BITAT FT P A7 A 1) 25 2 i RECRIAR SR AT 78 7 BN A 5 T, 5 FEHESD A B AR K SO R s i L ER At
T BENTGEARA A T TIOK BE AT R R A AN S BRSSO F s 8 34 1
MR Z FAR, U2 MR L A A BA R A S Bl TR S S 7 mmt e, A
SR B BUR 2 5 BREUR R TR AL S LR A B AN G B R A2 SRR A S i 19
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AR R, T LT RIS AE RS2 (R KR A 3R ST T B
2. SETUIKK FIRTRFTHER
2.1 MREMMRRER

ARG BIFRIRHE R R R G, AU S SR A2 I AN 8 T AU SR b B R AU 5] <
AL AT E EA AL T ARG N ES, AR AR, AR E 5 W RS g, B U%
FEAATEVERARARIE, LA MU . AR R HECLPE], Rl A TR 45 Rk, 1R
MEFIATT AL N TG o BEE R AR R e, FATERA B IR A E VEA AR LA 2
e RO, MR U AA Tl B AT SEPE[6] . EMR[SIAAMRIR . AR, Tk K AR =B R4
JEHEDRBL A A E VEREAT 1028, ARig EEHR A G BRI B A BRI AE AR E N R
SN R, —R—AIFNKIBE IR, =R XS5 R T BORUKC-P R IO AN E P AR A B2 T
WSS THEENUEIIGS X A VR BEAR,  THEHURB AR — @ RR IR A7 AE X ANHA R VE [ [38E,  JEH AR
WEZR R R AR N e A G I TR ARRk A N FOE DR 5 25 U AR A R &5 X RHIEAS B (17 A2 ANl 2
RLBISEME, FESERNREEE LA AT A tH A E I

AR 2= 3 B AR CSCIE A RE A, S MK SORBRIR R G S 5 IRE, 45 /K BIET R A i R
KBRAR[7] [8]. — ELBARAEWF ST URALART K SOK TR AR SERI SIS 5 A R A AR AR A A 3 7K SRR g
R G EOR, RURRGAUK A B P2 MBS, RGP R, X2
AN R B . AR SRR T RN SIS Bl K SCEE K M I X > M S E T, TR AR AL
PRI 2R R ALK SOK BRI S LR, 3 LU AUk B RS S AN RE 3l « =37 7
R 3 S MK SR B AP0 558 PR 20 I 568 7K SCOK B R ML (R AN 58 PSR S PP A T VR AT IR g 8 5 19] . H T
B FORAR AR K SO RERZ A 1 32 22 T RAT GCM (R AR 3R 2 K). RCM (K5 BEm) MK SCIE R 2%, I AE[10]
TP T AEARR 2 AN E R R R AR A A A AR T BRI, S HEUE F. GCM. AR SRR £ A
IRXSEMIATENE, & 1 2R N AR SO E PERZ W 1 ORI R AA ST . A5 I AK IR
M " AN R Y 3 R Y e KA 2N (GCMs) Al % AR HE U 54 (GGES) o« i T B RN BERFBR 1, HEif
AR RS SAR W AE, GCM AN5E, EEM T —RAME IR ATHER, RAER A ER A
I SAEAE GCM AR i 4 in b A5 X TB) R S e FL AN g R[] (HLFR 55 [12]08 1 L 6 e RUE 532,
T F A AR A X N5 R A 5 A e ST i AN 5 1R (0 AL FE R B, AE T AR B ANB E PR 2k S
B REEVE LA R, BT CGCM-DASR, It J5 127 A5 [ At e i A 2 A 3 42300 SN e /AR IRL 32 I 1) e )
R R FE L . B — A B RUZ TR A DL ATk 3 BUR AR R TN A AN R, e — 28 f RO 5%
TEVE TN R ST o (R AR i A oA R SR A T 1) 22 53 S R A o RUBE D 8 1 A U AR A X 7K ST i
(IANEA 5E 1 -

Table 1. The major resources, extent and nature of the uncertainty of the water resources under climate change
1 SETUTKITIHEEEZWHEERE, BERMAR
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2.2. FHEER A

SRR SEE B F MG S BROK A A AR, AR R GE N B8 AR T AR 1 BL R N SE B IR 8
R ALK SR B R Z R PG B SRR B, T ERBE RO (R FER D). 2R OK
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Figure 1. Application of uncertain systems in hydrology
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3. SIRTUXRBK S RRITEN O TE M
3.1 FHEMERIR

AR PR SCIK BRI AR A AN 8 1 53 BT 77 1 B AR T2 K SCRSE R R ANAA 5 1 3 BT 77 ¥ R e T R
BT AR K ST 38 A A 55 4 2 DA B 0 S RS54 st (AR SRS S R L 2 A B IR S 5
YERZH, FIRARIK SO REAT Y . 14 2 SRRSO K SO R YA ASif e PR 6 N T7 1R, <
15 AR S AN 58 M 3 YR TS A ORI iR 2 A HE I BN AR SR SR AR T AR AN 5 1, 52 L VE AR B
F BV S E PG S AR B AN ATV A AT A B (AN E P, R TG Rk M X B BRI X (T
#r[13]. Nemec 11 Schaake (1982 4F)%5 - W FH MR M IAT A /K ST ZRY 2B 17 A5 788 A Xof 52 R b [X A28 308 P 52 1
[14]; Arnell, N.W. (1999 4F)7E 7K & P A A Femli B 17 R RBEK SO AL, F AU AT HadleyCM2 & CM3 %%
6 AN ST AU AR X A ERTVE L P 60 x 60 km? % s AR TR RS MA[15] -

IK SRR RS BE /) 2 SRS PN B OB, tH SR AL ZL(WMO) R S 1% — B8 7K SO /R AR
S RS T LA AT, R R X, R 2 B R B R A R, BT R T R HLX, B K
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Figure 2. Sources of uncertainties in catchment hydrological processes under changing climate
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3.2. AN EETESE

H HERR 0 SRS AN K SO RS AN 7 1 77 258 LU J L

1) 4%k F¥:(Monte Carlo Method, MCM)F- 20 tH40 40 4EAR A R HE 1) — Pl ik T ME =R G0 1 B 08 (1 T 7
% RASFEAFGR BB G, SR WA . SEAS AR @ i S8 ik (T A US. B AE 1S,
TR IMAE RS), S0V 20, SRS SR H IR SR Ak T AL S PR A 2 B A B B AT AR R e
SRR, IR FAE A 1) AR . I R oS Bl WL ok R P RO B S I RE A S N L SR T, LG s 2 A2 Bt L
FURE PR AT SEME SR AR R ], A S m) I e SR R . T B TR A BUReE. MBI
FRFEGUE[21].

2) G/RFIREESRR B 1 (Markov Chain Monte Carlo Method, MCMC) /2 i ixt 14 5 JR B BT RE AU S S
SRR, FEHHATHIREAL TR . MIRHES S MCM, MCMC FEHIRA S 8 4R IE 5, T0RMESE MCM
HASERE IR B 1, HORE 775 Gibbs #iikEVE. Metropolis-Hastings ffi#£3%: 40 Slice Sampling kgL, |72
T IR gt B ARSI [22] [23].

3) D313 (Bayesian Decision Theory) T HEZ g A N It — B4R R AE ARG FEEE , S0 5 B0 M 4 25
SR TE S 2 AN S B (0 A B ARG . DU AR A T e A A R AR AE LY, BB SR IR R
R B AE A ek, DU T SRR e, S TAT T ECE R R AR R B T )5 I e . R & ™A%
TEAGALSRIE I, 7EK SCRBEAL R BAT 2 N [24] o 6 f2 DU B G ik v (6 e B A i BB A bmide, RSN
FAFIWTERE, XK SO RSO S He R T G BRI S5k e A e, HERAS, BRSHEL
IS 5 56 23 A R il T T B 2 AR s B

o (0) = o )
[P(0) . (0)00
Kb O NSHL xOREAS, £, (0]x) 2 x MIZRAFRR M, P(x|0) NEkD A, £, (0) —RSHI 0 5K

4) GLUE #(Generalized Likelihood Uncertainty Estimation)/&3&T MCM FUR R & FIURHG € i ik, &
MR R SRYEEE, WEAGEZHRRSE, EATE U5 R L. GLUE METERMT A E 7
Hrivpid i PUBSkSEE: © TSR, @l pEysmee = RESHH. @ & XS Ersd, wE

M
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AT SRR, HBRE . © WHAMTSHMIERA AT @ FflE A5 L B X
4. SEBUTETBEN

FRIE T b KBRS R B IR FE E 2K, i TR I . N LI EOR . PRl i g9 55 A 7
BUER LR T, X AT A ERAR B AR = AR EE T, B B E COy IRk Al s A1 N
Xt A ERARR B2 4 SRR WA AR G2 BRI AR A E ML A2 s IR A E 2 TRE B, ADURME 7 &
FIRERCERIEE R, I RESR BURE E I 1A AL BT RE M, AR SR AR . B 2 [61R T DL 2
PR T 5 V25 T AN [ A2 5 ) 5 8 T B U (PDF), A ST B 1 384> o KR B M g St 2R g st A7 0
bt BT R DA [ ORI o ) ARV iU I B 28 2B AR I a5 o [RIRF 25 Y 7 s SRR B R A A2 4L, 14 3(a)
PBARIB R TR A, IR A S A s B 3(b) AR IR R MR R A IR A WA, F AR
M AN T ZAE A o I R H R P BILAE “CA5  ARR AR A IO AN R 1 DX TRIAE 9K, ARR AR K (B AE T
JUH AR A T DR KR B, AR AR AR A AN (B L Bl ) e S, R Lo 25 T V2 AR B VT
sxti8l. Duan A Phillips [25]4 th 1 UL 37 22 A58 2 HE L 77 1R PPAS A A AL TN A AN 8 1, 1207 950 A Bk
AEARNT ST BB RG AME T KA B T URAAL AT BE 2 1 R SE 2 o S B ok
e, e TR BN GG AR, B R R dOR PN AR R R AL A DU 28 AN e PE A
BRAEERN.
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Figure 3. Probability distribution of surface temperature (PDF: probability density function) [6]
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Tolk iy Aok NG B2 T BRI IE IR S FE B “BRlE” , 8T ARSI A BRAR IR (152 0 ]
BEAEAIA 2, ARG T4 T T YA BB R TR R AT 1. B 4 B TG k4K CO,
W AR, NS B R BN “BRIE” . 2006~2015 E A KRS SHEEE N T 16.4 £ 0.4 Gt (10°t) COy. A
BRI K 20 tH AL A ERATRE 90%~95% (Il fetE, (HIL 2 s i NG shizmith 2 Fiii i), e 2R A%
RGN S D R AR P A AR AR A (I A [26] . IPCC KR ZE 22 T LB WIRR A HEGIR EE 20 1°C) Al T8 4 1
(2 4°C)P ARG OL N B A Bkt 3 P30 BE AT 1 Tifili, IX PR AR HETSOG O B RE TS 7D SR A CE ORI AN i
PE, BRERTE 80 KA sk B R SR AR 5, BMEAFHEOR =Sk, 2 KA A7 IR = SR ] R
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Figure 4. Global CO, budget and flux [27]. (a) The annual flux of CO,since the industrial revolution (the greater than 0 is “carbon
source” and less than 0 is “carbon sink™ in the ordinate); (b) Increased CO, in the atmosphere due to human activities from 2006 to 2015
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Figure 5. The HBV model simulates the 95% confidence space between wet and dry years [29]
5. HBV fREUEHIF K Stk B 95% B FZE][29]
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Figure 6. Xinanjiang model simulates the 95% confidence space between wet and dry years [29]

& 6. FRITEBUEMFEKSHEIKH) 5% EF=E[29]

6. BESTTL

AURAR TR SRR I RERT FTRIK G5 AT R M e ok 7 SRR PR 9 SR ZIGR R AL K A
e TS, EARENERFNHIARAEREANE, A E MR BEA  E3 AT o L. SRR
N H BRI G A AR R AE £, AR SRAN SR X H A E PO FEANVE AL TR A DO« — il — 7 s By
BT SG WONEERARAAL T T RARME RIS 5 etk K BRI AT 4 S 5 5 T BAT B 2R

1) H A R AT T2 M N EE T NG S R IR, SRZ X UK R GEA T WL, F A
WA R RS A S BAAAEATENE, W A MR, 2 MHEERAWEINE R, B
PEAE A Ja BT 70 R BN SRk R Gt 5 S RIRUIR RO PN e BRER . AN 78 35 AR R A J5 i B A
it o

2) 20 22 40 SEACH B A iR 50~70 EAQH DL A BERIR TE I iR = UM AR fifRe . RWI B AR, AR RS
2 KITEBN ) E RS AL SEARPR IR B AR R AT BRI, A PH A TEUE A A DAAORE AR B ) <A AR
. HAET, RZHAH CEEBENRMFH LM, KOEshREs, R T A 20858, KRz B8N
SPEURALY s AEZE LA FL PR AW T -

3) AURAACARSRIIVE ST SR RO AN E M S AT 25 BUAENUR R R AT M B AR L R 30 3
LS ARG . AEA 5 AURAR R R ANBIE IE b s ZR B AR AS B L 55, AR FEL I 3 LA AR A DA S R HH [
BV 55, R RO AR AT T ) B B 1

4) IPCC H RN U2 1 B PG U5 2 T T REVERNIR, 5& PEVP Al SLAE — ShE Al Ve (0 4518 2k hti ., W]
A S PR BRI AT A R R R A DA AN s P AT S8 PR AT E B ROA A oA vfE, D DX T mT BEVE A L 1Y)
FAXFGE— HIbRAETT V5 . K e VERIE BVl G0 5 B A B AT E MR T7 Vb, A BEAN E PR AR (i B 5 PR A 25 5 AR
2, MR R Bl 7 TR AUE B (R R 7 20 T RENE I AL R RN TR AR B R 1
R, EFHLEAIE— PR
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7. BlEAME

IR E VLR B LG, R B X6 26 1 B e « AR DA 4 e Aok m it 5 R BE I g, (R A
B SE PETCVE R, N2 ARRAUGRAAL P EAIIRIL T2 R R IR BUR KK AN € PERE EE I o
BT COAFAEIR 32 R ARRIKSCAH RE VE BWF FE 5 7 1) £ B A LU T LT T -

@© WEHESRES B 55 B S0 S50 77 TR 25 6 R B A e PE (5 0 e . BRI, M R A B R, &
SLE I RPEHESE, INsREr AMAGS ) 56T KR SR & I8, B A\ SRR B 5 e e 1k
@ B CABR(HHEEIAYSIE, BUKCORE, BB BERL). @ Bkl (ke T REA S
FUEHE R AR IR AMAEZT K CR R BIRRGN 5 THEE R AR A JF
OB 2 REEARSCE R AT AN T35, DR A AE AR S REEAISITE . ARkt B PERREILS), N
SR oE ¥ B JIVE, RS RACSCIEA L AR MUE AR AR AN 5 1R L o R R A AR A T /K ST B e (BE LK SC
o BRI . REORGUKSCEIERAR) . @ RRBOINGER LR B RS AR ASEE 3=
PR3 R A BRI T, S K SRR Y 5 DX AR 2 22 RS 5 R

E&WH
P 8 B i AR H (2016 YFC0401408); [ 58 H SRR 7 2k 4 1 H (51679188, 51979221).
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