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Abstract

The downscaling can be generally classified into dynamical, statistical and dynamical-statistical down-
scaling. These downscaling methods were widely applied to evaluating the impact of climate change on
streamflow, while there were few studies on the comparison and evaluation of different types of down-
scaling methods in runoff simulation. To figure out whether dynamical-statistical downscaling method is
superior to single downscaling method in terms of runoff simulation, three downscaling methods are
compared for its performance on runoff simulation over three watersheds in this study. The results show
that: 1) The precipitation and temperature simulated by Global climate model (GCM) and its corres-
ponding regional climate model (RCM) are very biased, indicating that the dynamical downscaling me-
thod does not effectively reduce the deviation between GCM outputs and observations at the watershed
scale; 2) The bias correction methods are capable of correcting biases of GCM- and RCM-simulated preci-
pitation and temperature, and can reproduce streamflow more realistically. In addition, there are no ob-
vious advantage of using dynamical-statistical downscaling over single statistical downscaling in runoff
simulation, thus it can directly apply bias correction method to GCM outputs; 3) The bias correction me-
thod taking the temporal sequence of precipitation into account has certain advantages in the simulation
of daily precipitation, monthly runoff and water quantity, but it performs similarly to the method that
only corrects the wet-day frequency of precipitation in the daily runoff simulation. The above results can
provide references for the selection of downscaling methods in hydrological climate change impact stu-
dies.
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BERE—BAT U AN AERE. SHERE. i 54%HBREMSEGITER. U LTSRS ZMHATSE
BT PRI TR BT R PEAE P, SRTXT LA AN RIS i [ RUBE T VEAE A TRRATL b B BV AR 2 I ASCRASR
FHERS RILFIRALFIEATT AN R, W T U E=FAFRRA K ER B EEEREN KR, 8§
B EERRMEN AE I SR HE S ERB T ERBR TR, RS REM AR RS RE %
(RZERIEF ) T IE KIS FE X R R . BEREREY: 1) SRR (GCM)TIE Z AR R X
B (RCMED I R MBI BT BRHwZE, B3I ERETEHA R R RGCME R B 7
RBMRE ERRE; 2) MERIETETUREFNRERKSRAWE, HERFMENRRNERE, R
A EGREE R EAERREBUT SR AR AR, EIHAEEFE PPl + ] DAStd RCM E# GCMEEAT
RERIE; 3) FERKNFRRERIETEERRK. ARRUKEEN T HRE —erits, EEFRR
BT S R R R KRR IER T EREL. DL SRR RnT NP Al o e REE TS R G B R 4S5
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1. 5|8
SAREAR A NS A P A WA 2 N7 BRI BT, HG R 7K ST R U8 P B W A 2 A 5 R 7K S 2 AU 7 £

MRS w213 GCMs FI4H - A BE BEAE NSO AL N3] [4], BTk ATAE[S] [6]. BB 7k
ATLAS B IR R . Geit B R 31 5SS & IR E7] [8]. B 1R E 5 ARS8 1207 FE o
fith, %T GCMs HIWIUA RN T 44 R B X 35S % 15 78 (Regional Climate model, RCMs) LA A5 B i 20 FE 5 1) S A%
FE[9] [10]e RCMs PBEE SCIAHf,  ANSEULI BB S5 BRI, BEEL 9 vHE A AR A0 HS DX 380 RUBE I Ui A8 SRR AE [ 7]
[11]. %A1, RCMs BITHEARM &R, HAEMNZE, HBT4%&T GCMs Wiz, ARG SMERFMATAE
HARAT R N 2, S RO A AR B TR B Sl R AR A L VEAG[10] [12]0 Sevt B R 7 i
A LAYE— 2 R Rk sl F7 B RUBE VR BN AR [13] [14], LR 2 3 ik i 7 X = AR =Xt 10 KRB A< TR 1

DOI: 10.12677/jwrr.2019.86061 536 IK BRI T


https://doi.org/10.12677/jwrr.2019.86061
http://creativecommons.org/licenses/by/4.0/

AR i S DA T B 70 5 Ge T RS A R R DT I A T B — R R D5 v

5 SR B (B ST R RoRIAT R R (7] TR/, 1B R, H AW KRB 1A 58 A X
B AR TE 28 X3RRI [15], %7 T2 B T AU AR A s ma i 5 [ 11] [16] [17] [18]. 4AT,
CAMAREY, BEERHAGUFEREX GCM fir k7 G403, AN i 20 77 B ROBERRIR P LA 1) 7= AR 3l pd
BRI R B RS ARATE 5[19] [20] [21], FERERUF I RSAER IR A 22] [23]. &SR R iEMZ) ) -
GUvl B U 7 A BRI (AR AU H B /K AR R R AR IR e 82, AELAR A5 I 7 L 5 ok R 5 7 YR TE B 7K S A R A A
R EARZER . H R 2 B TR TR T R — I G B RS 5 3 g B R iR TG 12] [16] [24], BUZY
15 B AT R B R L B P RR B =R RUBE D VA K B [25] [26]0 ASRIERIRIE T H AR R X+ Fa RUBE D5 A A R Y
ERERRE, ARG = 280 R 7 VAR P AR TR AR, ) 22 R Z it R A EE S E .

ARSCUASE PRI, AR, W 2 RO 7 X3, L CORDEX H BRI X HadGEM2-AO0 J Fif™
XA B, PEAN T 30 70 B RBERE R AR, 38 FH A b 45 v ek JRUBE ¥ X AU ABR AR R P g Kk R <l
ITMZERIE, TGN Z LB RBART, AR CUR R 1) 3 77 B RUEE 73206 T Bk S iR B A AU 8OR 2
MR JE M GCM i AR SGE: 2) /1 5 GuitESE & I R T VETE K SRR & 5 0L T B — (i B R
FEJ5: 3) FLAT R IE B K Ak R A i 222 A I 7 ot 1 B /K A T A ASEADLIRE 75 00 T4 BE Al 25 I 7 %

2. RXESHIE
2.1. FEELR

AT FEASERHIER , AR VLAV I iR R i O FE X . Hory,  SREHIR IR BT b iy a3 g &
FESCRPTIER I ARV BRI K 5 1 £ B2 — s INL IR O Bt DA B ERK X, 2 1 F1 T
EATUIERREALE R
Table 1. The watershed area, mean of annual maximum and minimum temperature, annual precipitation and streamflow
F 1. ARREHER, FRAKRSRESE. BKENZRE
P RIRIER P RmE AR

s THIFH(Km?) ©) ©) FE P& 7K 2 (mm) FEAR U (m¥s)
SEPHE 4848 14.4 23.8 1843 174
ARIT 25325 17.5 26.0 1758 736
T 52150 14.8 22.4 1464 1394
=
2.2. Mi#IE

ST FTASE FH BRI S g % 3 A SRS PR S T B AR 1) 1961~2005 4 1) 7K Al e v RIS 230
FUE T H 53 545 B O i b S G 80 M (hitp://data.cma.en/) . A0 I BB AR P 7K SC ok s 403 H iR %k
P o oA ZR VTSRV LIRS e B 1 &% E I 1 1961~2005 46 () H B8, 1M i T 52 BHIR s A2 v 5 )
AR, GEE LB %S 2001.1~2005.10 & 2006.3~2013.8 [ H i &

ARSI AUERRDy “ A S 7 TR (WCRP)FTIZ4T ) CORDEX-EA
(https://esgdata.gfdl.noaa.gov/search/esgf-gfdl/) 1 &R HadGEM2-AO K LA N ERENHEAT 2 77 B RE 1 T
A XIS FEE R YSU-RSM. HadGEM3-RA. SNU-MMS5. SNU-WRF 1 RegCM4, M 1980~2005 £ 26 £ [
SR F R K R i -5 B I AR AL 28

3. RERIERZE
3.1. BT NBNRERIEES
AN 5T R H i ZE 4% 1E 751 (daily bias correction, DBC) [17], FmE&fae, [ H A B A B IR IERUR
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RN BLPF A RT3 0 5 SR TR 4G A I R RUBE TR A 0 T B — R B RURE T ik

B2 BTSRRI AR BT S [ 17] [18] [27] 1577 VA2 Bk 3R i il (local intensity scaling, LOCI)A1 H [%
JK ¥4 H(daily translation, DT)J59% 145 &, AR T LOCT J7 ke R IETE HAFR A DT J7 A% 1E Mok & il
Ho HFHTIRMZER IEMEADIRUT . 55— P LUH BEal, 56T U0 EEE 1 Bk R ARSI, fiff e 157 B /K (Y 8]
B, 15275 BRI S5 T 00 B KA, R 88 A T AR SR DL /K LA s 0 e . 28 D okit
SRR A8 (BB 7K e v AT B AR RIS DL KA 7 228 AR B 0 S B B 22, R U5 B 25 B R R US40 25040 2%
FHSLE o 5 1 i 22

BT DBC J7iE N AR B ZE R AE T8, R AR5 RE B8 5 R B AH O, 17 B /K -5 AR A DG PR T4 I o A
P23 EE[20] [28]. K, AR Iman FiT Conover1982 EHE HY 1) E H1 20 A 1%:[29] % 8 37 DBC J7 1244 1F J B&
KGR A, LT 5 SRR AR T .

3.2. BT ORMXEHRERES &

JSE DBC 7V Re M HL T AR TE B 7K 1) e AR A6 DA e 7K & (R 26 7 AT, (R 25 R R K B (R RS TE[30] [31],
TR AfR 1) B 7S 0 T /NS s 7K S A R R A K ST B B E [ 16] [32]. AHIE R I, B/RBHREERERS
TSGR IFAT N BIBEIKIN FP[33] [34], XA AR A K B B K e RS 8 PO A P11, PO1 R 2T — RIE TEh%E
IKHIZFAETS, BB RABEKEIMER, PI1 WIYRT— KA KT, 58 REKEMAE. i, AR EYIRE
IKEF M Z S H K IME AR R R ([35]. MR @AM SR G, 4 DBC J7iER IR 1) H K
PEATHE A BIRE S PR L R MR R, AR P K P 1), SR J5 A\ DBC R 1E45 31 (1AH B H £ R 7K 2 25040 v
FECUAE BB K 30 i H B K &, BB IR S W[36]. 1%7772E 1 DBC 771 5 DR BHERBEM 45 & IR ZE R 1E T
15, BN FET DR BB R R ZAR IE 515 ” (Markov Chain-based bias correction method, MCBC). Hi MCBC J7
EREER AR, R E RN AR B R ZE R I TV, ORI B A VR PR KR AR AR DG

33. FIRIIER

B TR K SCEZOR AR T 1973 S5 B VR e AR TR A, 2 A AL 7 i 1t X AU IR ey L
RS2 [37] [38]0 A FUR A = K PUHT TR R BEAT 3kl 7, RIRE LG k) 2 i AR, Herh iRt T
fiite ZRHURCR M L TEARZE I =228 580 TR 23 3 SR YA, e, Sy i
M FAR TR AL LTI NI W REATIC S o A0 PR = AN H AR T S R S G B X o ¢ 4T
BRBAT SRR, BRSHAIUE R 2 2 0L SVA(SCE-UA), JF s AR R UK GE) e 9 H AR
34, SR

BT Y515 CORDEX H GCM Kl HBRA T 5 1> RCM Hii t FIF3K , i 5 B Gl A M8 234075 2%,
DATRT ZE PP B — B30 77 B RUBE T xR ORI UIR A REABUCR, o T P e 22 A2 L 5 90 3k e A i
BEATMZERCIE, DR HIE, W H KR, B77 7% & 95th 73R BB /K R Fa bR v il = e RUBE 7 3600 B 7K )
BEARACR, RIS 22 7 IR R TP il 2 DASR 78w o RO TR AE I PP AR AR BN e KR RS 1Y)
a0 W R 2, DUHARTRA A . R/KIRR(95%) IR/KIRE(5%) 24T A AR Rk fok
B ZE RS, VNS S Gert e R DT 05 5 — B RUBE T % I ASEAB R AR AT i 32 ) X ) o

4. RS
4.1. THEREER
K1 A T2ETPHARKRKE. AReRE MR AR SLBR WM E A AR RS /. BART S, A
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AR i S DA T B 70 5 Ge T RS A R R DT I A T B — R R D5 v

A AUEASE O T B AR AR R ADL A AE R R 22 o 3% B SR B BOR AR T30 B K OB ROR , B
AR AHERRE B R A A A, (BFEAZR(12 H L 1 AR 2 AR BRI %, Herh YSU-RSM (M5)
FEX = A R Z 558 10°C o BhAh,  REE 7 (9 X3 TR 200 T H 2R RS UL 22 PL A TR e 2
HadGEM2-AO (M6)[{IfiZE 5K o /NN AR AL AR HE 0 AR B K 14 A A (B AR R M 22, — 28 A
1 BRI KA 22 HE 2L 100%. 151 2 SRR AR WL B A R AR UL ) FEK R oK R/ N R IO bR 22, 504
RUREADL A B /K S U AR e 22 5 SRR TR AP AE ORI %2 . 45 LTIk, /£ CORDEX H1H] GCM Al RCM Xf =/
PRI B R A RN BAT BRI 2, 370 B RUBE T BB AR Ul e RS 2 5 R 1) GCML 34 AR EE OR8¢
AR, 75— 2D 5 A B RN T T K SO A
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Figure 1. Annual mean of monthly precipitation, maximum and minimum temperature of observation and that of climate models
simulation at three watersheds. For the six legends, O represents observation, M1 to M5 are represent regional climate models of
HadGEM3-RA, RegCM4, SNU-MMS5, SNU-WREF, respectively, M6 represents the driven model HadGEM2-AO

L. =R R SIEREEN N B EK B RESSEMRRSUEN S FEHYE, SN EGF, O RWNHHE, M1~-M5
5 RCM, 4% 3J5 HadGEM3-RA, RegCM4, SNU-MMS5, SNU-WRF, M6 JIEzHER! HadGEM2-A0

4.2. WMERIES ERME FIIEE

B3 1B 4 g T PRI O 22 B IE T AR AE Ja BB S R PP A RE ST R PP A1 i) B A i e . an &
DBC J7 ik B AR 4 AR IE B /K B 20 A, AELRR 17 e el 388 I 3R A TE SR M o e 38 B K I e 22 8k, LR K IS
FEASE [ T IR AR SR (Y B /K I 7, BRI, H1 DBC VAR IE HYF R (I8 R) R 28 TH A0 73 Afi 5 W0 £ 43 22 7
A28 B —E % . MCBC £ZIEJ& B 7 5 BT A9 BL 1 UL N0 F) 3 82 1 R AR R i R ARSI o Ao vl
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RN BLPF A RT3 0 5 SR TR 4G A I R RUBE TR A 0 T B — R B RURE T ik

£ MCBC 75 A IR 1 A3 S8 K 7 51 ) R AR A th 28 5 000 ih 2 FEAC 5 . 28038 MCBC J5 KL IE L T
H 0 R oA A QS SR R S WI S5 R, (E BRI > TR AA R A 22 . AL, AR IR N 2 2
K, 2 MCBC KL Ja T A SR AR (R 22 T8 0 R Th 70 A fh &R B BRI, R MCBC J5 ik FEAR 7 AU
AHENE

J FMAJ A S OND J F J FMAJ A S ONUD J F J FMAJ A S ONUD J F
-0 —+-M1 —<>—-M2 —-ﬁ--M3 —<1—-M4 —c>—-M5 —n—Ms

Figure 2. The standard deviation of monthly precipitation, maximum and minimum temperature of observation and that of climate
models simulation at three watersheds

B 2. =ZMREHNE SIERBRIEARK. ARXSIEMSRNSIBRREES

4.3. SR5HKCEH

K| 5 IR R IG SR . 24 DBC 7775 AN MCBC 7R IE G S A . oK H 38 95 th B 4>
PLE bR ZE A 22 o ASBAR RO RLADL (1 B K AE B AN T s AR AE A 22, DR 7 A FR AL 14 A T g 22 K
F20% (B/NF-20%), HEEKTF 40%. HET GCM ERILE R, FA RCM PR It AR A B oE, &
FAE—LeARbR FAENM R ZE . GCM R ZE 58K, KRB I RE G RN AR R KN w7, & HFE— PR ER Ik
AbFE, DBC KKI/D T AR H K AR Z . B SNU-MMS5 (M3), HEHREL DBC HikkKIE)E,
H 35 B KA i 22 80 7E 8% LAY, T H AR I 7E-5% LA o it H BE/KbRiE 2, DBC J7¥k 1R IE 20 BAN iy
EANEARHIRSERCR A &, HA R 2ZE I ARTE 10%4 4. UL DBC J7id NFEnl, MCBC 4B B KA X 22
BR800 . o, MCBC J5 ik B il i) H 3 BEK R 22 7E 5% AN, W H IR ZE7E 3% LA, 95th H /0 4r
B F 1R R AKX i 22 RS % 2 18], At 22 FO A 22 5.7 BTl - MCBC AT DBC 7572 1 BSO3E7E X6 B 7K B
FERIRZIE, /KIS PR IE S 808 ARk, /e K S 85 DBC 7k —MIRTHE T, RESE 47 AR H BE K
AR AR
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Figure 3. The observed, DBC-corrected and MCBC-corrected cumulative frequencies of dry spell lengths for three watersheds. The
black line represents the cumulative frequencies of observation. The X-axis is at a logarithmic scale
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Figure 4. The observed, DBC-corrected and MCBC-corrected cumulative frequencies of wet spell lengths for three watersheds. The
black line represents the cumulative frequencies of observation. The X-axis is at a logarithmic scale

4. ZRISHIYEN A B DBC 1 MCBC fRRIERVESUE BRSER Rt sk, BENRVNARITNERE, AR B iR
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RN BLPF A RT3 0 5 SR TR 4G A I R RUBE TR A 0 T B — R B RURE T ik

RAW DBC MCBC
O TEmE ‘ i — 2 — : ‘ ‘ : — 0 — : : ‘
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Figure 5. The relative error of mean, wet day frequency, 95th percent and standard deviation of daily precipitation of climate models
simulation and that of DBC-correction and MCBC-correction at three watersheds

B 5. RIESIEREUEM K B DBC M MCBC 75 ARIERM =g BREKEE. BRRZE. 95th BkFtREERRE

FEASE AL BE KB 2 YRR HEAT 28 8 I, = AN 8 I SO MR AR REBOSTE 0.90 BLE, FERHIFIAHYY
mT 0.8 (5 2), R THQILBAEIX = AN AIBERNE M. BRSO R SR m 2, AR ST <,
G N 2R 8 U IR T S TR R i 2B R R ARAR B A2 18] 6 73 B R T B GCM. RCM BRI DA
2 DBC 5 MCBC J7A% 1E J& 45 21 (1 B /K AR B0 BT B0l i H AR R4 SO i H AR i AR 2k . gAY
Kol BN 2 P H RIS FEAEE B R %, YSU-RSM (M5) K% SNU-WRF (M4)R R 1) H 237 i fE
TEE AR B T OMLIAR A I R, i A LAY R BRI AR IR AR N 43 AT . DBC VA ALK IE T %45
R 22, B IE J5 S B A 552 PR S AN DR IS AR I i AR 2 T L G, T E AR VLI R A2 TE 28 R A %
B #. MCBC JPiEWEUF I TARMEA 0, X TARLAE 6. 7. 8 AR mELE izt T DBC
Tk, AR AR HAR T Ot B S e o ER B TR AL K R e i 2 A A 7 VAR R 1) 2 A K A G
RZEWF 3 Fion. GCM BB AR /K S 22 75 = NI TN 43.6% 70.5%F1 92.8%, /4N X4k A5 A
A, HadGEM3-RA (M1)#1 SNU-MMS5 (M3) A4 25 /N T- GCM Bl w2, 1l SNU-WRF (M4) & YSU-RSM
(MS) B R B0 22 328 326 KT GCM AU 2 - DBC J7 VAR MCBC 77 4L 345 201 BEAR T S A B0, A 30 O 22
AR 22 FE AR T 10%, H MCBC J59%: /K 8 2 K # /N T DBC 75

Table 2. The Kling-Gupta efficiency of the Xianjiang model at three watersheds
F 2 MRIBRE T =ZAREMN R RZY

I SEPHE ARIT WYL
2 E W 0.92 0.91 0.94
ISEHA 0.89 0.81 0.89
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Figure 6. Multi-year average monthly streamflow of observation, climate simulation and that of DBC-correction and MCBC-correction
at three watersheds

B 6. =ANRIBAIYM, BSZEREMKL S DBC 1 MCBC FEARKEMSEFH B REREERE

Table 3. Multi-year average water storage error of raw climate models simulation and that of DBC-correction and MCBC-correction
at three watersheds

3. SIRERRNIA KB DBC M MCBC 75 ARIE R =ANRIEH £ 5 F 19k BEXMRE (%)

RAW DBC MCBC
SRR RIC L SR AT L SR RIL L
HadGEM3-RA 23.1 6.3 44.1 6.3 7.5 6.0 2.9 3.0 1.9
RegCM4 62.2 77.1 56.6 3.8 25 1.6 1.1 0.6 -1.0
SNU-MM5 43.7 316 40.9 4.0 12.5 6.7 -1.0 8.9 0.9
SNU-WRF 107.0 1145 96.4 25 -12 1.2 0.2 -2.7 -1.0
YSU-RSM 187.3 2215 167.7 5.7 6.5 7.6 2.8 4.1 33
HadGEM2-AO 435 68.5 86.3 4.4 9.7 4.8 1.6 5.7 0.5

5 R R AL, H A B B H AR R AR B Z(E 7). WEDR, GCM B
HAARIIME, KRSt B 00 200 R0 A K& (95th EH 430 AR B I 22 43 BITE 40%E] 90%,
80%%] 120% 1% 20%%] 100%2 7], [ M3 FitR K SNU-MMS5 7£ =AMEFRIIBIL_EHE T M6 18E [ GCM 1
BAAh, B RCM BRI T = AN FR AR A8 30 7 B A B GCML BB R 22 K, AT S Wt FR— 1) 30 )
W R 7 ot e P 8 SR AN W] B P TR R REBF 4T . DBC 7591 MCBC 5 135 RS A 280 (RS TE S M B AR B 1)
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RN BLPF A RT3 0 5 SR TR 4G A I R RUBE TR A 0 T B — R B RURE T ik

2, R H AR T S K B AR 22 BIE 5% 3] 15% 2 (8], TR /K& RIAR X 280K, E-5%3 55%
1. 534h, MCBC J7ikxf T HEEKIEAR B ENL T DBC Jrik, (HZ2IFRARILE QAR fats L. P
THERIBIRCR B, HWEHMIER], F, DBC J7EBALH HARRBME & SRR SR AR T IIE, AT
fiZE N IEH, T MCBC J7 2% RORBLABUN B 22 g 72
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240 e - . 15 — ‘ - . 15 — ‘ .
¢ R
RIT
— (e .
180 T 110} o 110
=
3 ' 3
£ 120 3 5 i 7 ¥ 5
-6 . ¢ .
L o . *
¥ 60 ¢ 0 0 ¥ ¢
® . ¢
*
ob—= 5 5
900 7 60 60
* . .
S ] s i
c 600 F 4 . “ . .
8 .
[]
o *
0 20+ p s 120
G 300 * 3 o
w +
o
o D o
(3 & 0 0
0 Q ¢ L
150 —— : ‘ . 16 —— ‘ : ‘ 16
) ¢ 4 Y :
S
S 100 8 ¢ o 8
b= *
3
= e} *
g s0 . * 0 & 10
S @ o . > s . . .
5 . 8 *
w or o 1 8f 1 8
o
50 — - - ‘ - — 46— - ‘ - - - 16— ‘ - - - -
M, M, M, M, My Mg M, M, M, M, M, My M, M, M, M, M, My

Figure 7. The relative error of mean, 5" and 95" of daily streamflow of climate models simulation and that of DBC-correction and of
MCBC-correction at three watersheds
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