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Future precipitation prediction for the Taihu Basin based on STNSRP disturbance downscaling model//]iang
Feiqing' >, Zhu Yiqing*, Zhu Chao'**, Chen Yufei'*?*, Xia Xiang"*®, Niu Zhixing'**, Ji Haixiang'*®, Wang
Zeng’ an® (1. Nanjing Research Institute of Hydrology and Water Conservation Automation, MLantr) of Water Resources
2. Jiangsu NIHWA Technology Co. , Lid. ; 3. Research Center on Hydrology & Water Resources Monitoring, Ministry of
Water Resources; 4. Jiangsu Liyang Jiangnan Engineering Testing Co. , Lid. ; 5. Jiangsu Expressway Co. , Lid. )
Abstract: In response to the limitations of current statistical downscaling methods in simulating extreme precipitation,
uncertainty estimation was combined with downscaling, and a multi-site Neyman-Scott rectangular pulse (STNSRP) model,
in conjunction with the perturbation change factors based on global climate models, was used to develop an STNSRP
disturbance downscaling model for extreme precipitation prediction. The model was employed to predict precipitation in the
Taihu Basin from 2026 to 2100. The results indicate that the STNSRP disturbance downscaling model effectively simulates
extreme precipitation characteristics by using a stochastic point process, and it outperforms the Delta method and Neyman-
Scott rectangular pulse disturbance downscaling model in terms of simulation accuracy. The annual precipitation in the
Taihu Basin is projected to increase from 2026 to 2100, with an increase of approximately 0. 93 mm/a. The precipitation
during the flood season will increase for most of the time, with the increase becoming more pronounced over time.
However, the precipitation in January and from October to November will decrease. The precipitation increase in western
mountainous areas will be greater than that in eastern plains, and the increase in Zhexi District will be greater than that in
Huxi District. Additionally, the precipitation in the Taihu Basin will tend to become more concentrated, with both the
intensity and frequency of extreme precipitation events increasing. It is suggested that the future defense against flood and
drought disasters in the Taihu Basin should focus on strengthening the construction of flood control and drainage engineering
systems, scientifically optimizing the scheduling of reservoirs and water resources allocation strategies, and improving the
emergency response mechanism under extreme weather conditions.

Key words: precipitation prediction; extreme precipitation; GCM downscaling; multi-site Neyman-Scott rectangular pulse
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Fig. 1 Distribution of main river system, lakes, and

observation stations in the Taihu Basin
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Table 2 Statistical characteristics of precipitation simulation and scores of different GCMs

St MEAN/mm C, NRMSE r, r, z B ANI:]
SN % 1198. 12 0.15 1.04 1.93
ACCESS-CM2 1701.13 0.16 3.29 -0.01 0. 90 -1.95 -4.12 5.38
ACCESS-ESM1-5 1671.36 0.17 3.08 0.16 0. 90 -1.40 -3.81 6.25
BCC-CSM2-MR 1237.20 0.16 1.63 -0.21 0.49 0.05 0.06 6.39
CanESM5 1345.29 0.12 1.73 -0.32 0.90 0.45 0.82 7.12
CESM2 1629.59 0.17 2.95 0.03 0.91 -0.80 -1.65 6.36
CESM2-WACCM 1590. 15 0.17 2.72 0.15 0.92 -1.41 -3.80 6.67
EC-Earth3 1389.33 0.15 1.72 0.15 0.81 -0.47 -0.81 8.28
EC-Earth3-Veg 1421.38 0.13 1.84 0.04 0.81 -1.92 -2.96 6.95
EC-Earth3-Veg-LR 1411.08 0.15 2.07 -0.23 0. 81 -0.41 -0.99 6.68
GFDL-CM4 1313.33 0.14 1.65 -0.20 0.81 -1.82 -3.12 6.62
GFDL-ESM4 1333.09 0.15 1.59 0.06 0.81 -3.65 -5.76 7.05
INM-CM4-8 1734.85 0.13 3.33 0.05 0.89 -0.47 -1.09 5.88
INM-CM5-0 1541.59 0.11 2.26 0.15 0. 90 -0.84 -1.83 7.10
IPSL-CM6A-LR 1434. 49 0.10 1.86 -0.10 0.83 -1.98 -2.94 6.12
KACE-1-0-G 1804. 85 0.15 3.71 0.16 0.87 1.54 2.83 6.31
MIROC6 1519. 82 0.19 2.60 -0.05 0.92 0.28 0.56 6. 80
MPI-ESM1-2-HR 1335.33 0.13 1.62 -0.10 0.71 -2.75 -4.75 6.14
MPI-ESM1-2-LR 1234.97 0.13 1.37 -0.02 0.70 -1.14 -1.78 7.54
MRI-ESM2-0 1205. 65 0.15 1.46 -0.10 0.91 -1.22 -2.69 8.13
NESM3 1616. 41 0.13 2.78 -0.04 0.77 -1.25 -2.75 5.53
NorESM2-LM 1418.48 0.15 2.00 -0.06 0. 80 1.23 3.08 7.68
NorESM2-MM 1473.57 0.15 2.31 -0.29 0.92 0.26 0.65 6.83
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Table 3 Statisticsal characteristics of original GCMs and their downscaling simulation results as well as scores of

different GCMs in verification period

SR MEAN/mm C, NRMSE r r z B Ml

SR 1229.04 0.13 0.68 5.50
EC-Earth3 1429.26 0.16 1.57 0.16 0.83 -0.45 -0. 81 3.79
EC-Earth3 ( Delta 7[5 R ) 1240.52 0.15 1.51 0.16 0.83 -0.45 -0. 68 5.84
EC-Earth3 ( NSRP 3[R %) 1238.54 0.15 1.42 0.36 0.81 1.06 4.85 7.66
EC-Earth3 ( STNSRP i3l R ) 1239. 69 0.15 1.23 0.35 0.91 0.53 9.75 8.57
MRI-ESM2-0 1336.76 0.15 1.74 -0.09 0.89 -0. 80 -7.66 3.65
MRI-ESM2-0( Delta ¥ R ) 1190. 61 0.15 1.71 -0.09 0.89 -0.79 -5.39 4.39
MRI-ESM2-0( NSRP 5[ R ) 1201.58 0.14 1.61 0.15 0.88 0.99 5.68 7.68
MRI-ESM2-0( STNSRP i sh [ )R ) 1204. 49 0.14 1.49 0.14 0.92 0.58 5. 64 8.32
NorESM2-LM 1455.09 0.15 1.89 -0.05 0.81 0.81 8.76 3.04
NorESM2-LM ( Delta %[ N Ji ) 1247.27 0.15 1.73 -0.06 0.80 0.86 5.69 5.47
NorESM2-LM ( NSRP 8l N i) 1251.26 0.14 1.78 0.16 0.81 0.65 6.35 7.03
NorESM2-LM ( STNSRP #t 314 N ) 1239.05 0.14 1.65 0.15 0.91 0.43 8.26 7.76
MPI-ESM1-2-LR 1266. 84 0.12 1.62 -0.02 0.65 -0.75 -5.06 3.58
MPI-ESM1-2-LR ( Delta &R JE) 1176.31 0.12 1.56 -0.02 0.67 -0. 68 -2.36 4.06
MPI-ESM1-2-LR(NSRP #iZh[4 ) 1184.68 0.15 1.52 0.09 0.68 0.53 2.66 5.43
MPI-ESM1-2-LR (STNSRP 8% )  1185.08 0.14 1.48 0.04 0.82 0.67 5.39 7.31
CanESM5 1380. 00 0.11 1.91 -0.13 0.83 0.30 2.32 2.91
CanESMS5 ( Delta 2[R %) 1238.00 0.11 1.84 -0.12 0.83 0.44 2.37 4.41
CanESM5 ( NSRP i sl X ) 1239.08 0.14 1.85 0.14 0.83 0.28 5. 64 6.83
CanESM5 ( STNSRP i3/ ) 1228. 44 0.14 1.76 0.07 0.93 0.36 2.37 7.34
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Fig.3 Spatial distribution of relative errors of original EC-Earth3 model and its downscaling

simulation results in verification period
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Fig.7 Inter-annual variations of extreme precipitation indices during 2026-2100 compared to baseline period

- 181 -



9 AR ity B 7K R BRI T HE I A R TR AR B 1) I
Tt SREFEEIIRIN LI Rxlday X AE4L
KT RxSday, SDII 19 1 Tl B Ase L Ath 5 1 5% 35 4
H/IN A SDIT A3 B B[] S B R K it i A8 4k, ]
RE7E LA I (] B N e KB K A Ak, AR 48
BORE , AR AW I I A K S ik 388 n S R AR
TH R K AR ) FLUAR s e AR P 36 R 5 {2 o 3
KGHB ., dex a8 Ry ETHE# R10,
R20 F1 R30 AHXF 5 v 109 7y 22 b B A — 3, (B AR X
TR A VG o B R e 9 ) R AR i
3822 ; RO5pTOT 1 RO9pTOT 4 i B ., AH X 25 1k,
TR, WAL (K F |, ROSpTOT M4 il o hy i 35
IKE] ROOpTOT AN 2 5 LA b, Frgetbdssiot,
PRCPTOT £ [ & %, B H A X b i B2/ T
RO5pTOT 1 RO9pTOT, 15 WY &4 iy B 7K 2 384 Jonr, {EL 384
T B /N1 i K 7K B, CDD AT CWD A %2 T 5k s
LUERN NS SR IR UL E O N ibre - sy ) S R ] 5
KRG R A AR TP T R

2026—2100 P-4 v b 7K 48 R AEAE I 3 A8 4k, 1B
AN SRE MR ) BT, Bk U, Rk
ORI e S8 45 T T 8 v A, S 1o i o4 R e R 4
TR K T 1) & R, A 7™ o 2 W b 0 5
(T BTG AN

FE AW 385 4 07 v, STNSRP 41t 3l % 1 fi %
L M AR T 118 ST 2 AL bR ot o T = 1 ) 28
R TERSTADUR Ui 46 R 588 5 AT 1 3 B
P, a5 AT GCM P Bh A T, 1 RIAE v
JIR GCM A3 H 3 i i 22 [ A5 17 S/ R 4 1938
FAPE, R4 GOM 1E Rk AEAE— 8 YA 2 1 B
AT R R M Bl R RURE T 12, ARG A5 LA 4
Tt 8145 STNSRP 4t sl 80 6 -l Sz e T AR i sk i
A I RN SAGSRAT T AR AR, 760 i 2% T 90
N7 A i 1 S AR5 T R B e ) o PN

5 4 it

a. AN ACTRAG R K AN 2 TR/ 5
Xof T A SR BRI R AR K e A 5 Mk
XA EC-Earth3 . MRI-ESM2-0 . NorESM2-LM , MPI-
ESM1-2-LR .CanESM5 ,

b. STNSRP i sh#5 7 3% T STNSRP #5571 , 38 i3
BEBL I RSP W, AN AN R A5 75 70 Jil B8 Al i e T
FOGETHRE RS A DG | b i 5| A GCM 4k
SIFTHIE T GCM $it A w2z, B 1 R RS2
SRS BE RN AR o, LR RO AR T Delta
P NSRP $t gl |

c. AT IR AR MK B S, B iE 2

- 182 -

70.939mm/a, AT KR53 0F 1] |4 7K 48
S8 o o 3 A v B A T 4 A i v
Ky RKBEFFKELE 1 HA 10—11 A4 b,
HA R Gy YT RERE N, PR 1L X R R K 3 e
1 S P i ) T I 7 S NG 7 R
et R R 8 R Lk, SR A 1 0 o B T 5 344 o 0 550
BRI R R,

SR

[ 1] Teutschbein C, Seibert J. Bias correction of regional
climate model simulations for hydrological climate-change
impact studies:review and evaluation of different methods
[J]. Journal of Hydrology,2012,456-457 :12-29.

[ 2] FGeAE, #ag 1 whait , A5 52 2% ] o0 Ml IX U fie -7k SC-7Kk
SRR AR T ]. KBTI, 2023,39(3) : 162-
169. ( Fu Xiaohua, Dong Zengchuan, Han Rui, et al.
Simulation of climate-hydrologic-hydrodynamic coupling
model in complex river network area[ J]. Water Resources
Protection,2023,39(3) :162-169. (in Chinese) )

[ 3] Fowler H J, Blenkinsop S, Tebaldi C. Linking climate
change modelling to impacts studies: recent advances in
downscaling techniques for hydrological modelling [ J ].
International Journal of Climatology,2007,27(12) :1547-
1578.

[ 4 ] Danandeh Mehr A, Kahya E. Climate change impacts on
catchment-scale extreme rainfall variability; case study of
Rize Province, Turkey [ J ].
Engineering,2017,22(3) :05016037.

[ 5] BHN- 1588, T, 5. 520 P ke 7K 2 ] 4
A5 B Z2 TR GE I A LA [ ] il o4l ( A AR
Bl 2 b)), 2023, 51 (3): 38-47. ( Dong Jiaping, Ye

Yuntao, Gu Jingjing, et al. Influencing mechanism of

Journal of Hydrologic

multi-source  environmental factors on the spatial
distribution of precipitation in the Luanhe River Basin
[J]. Journal of Hohai University ( Natural Sciences),
2023,51(3) :38-47. (in Chinese) )

[ 6 ] Wootten A M,Massoud E C,Sengupta A, et al. The effect
of statistical downscaling on the weighting of multi-model
ensembles of precipitation [ J ]. Climate, 2020, 8 ( 12) .
138.

[ 7 ] Chen Hua, Xu Chongyu, Guo Shenglian. Comparison and
evaluation of multiple GCMs, statistical downscaling and
hydrological models in the study of climate change impacts
on runoff[ J ]. Journal of Hydrology,2012,434-435,36-45.

[ 8 ] Busuioc A, Chen Deliang, Hellstrom C. Performance of
statistical downscaling models in GCM validation and
regional climate change estimates: application for Swedish
precipitation [ J ]. International Journal of Climatology,
2001,21(5) :557-578.

[ 9 ] Zorita E, Von Storch H. The analog method as a simple



[10]

[11]

(12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

(21]

[22]

statistical downscaling technique: comparison with more
complicated methods [ J ]. Journal of Climate, 1999, 12
(8):2474-2489.

Chen Deliang, Chen Youmin. Association between winter
temperature in China and upper air circulation over East
Asia revealed by canonical correlation analysis[ J]. Global
and Planetary Change,2003,37(3/4) :315-325.

Von Storch H, Zwiers F W. Statistical analysis in climate
research [ M ]. Cambridge: Cambridge University Press,
2002.

Huth R. Statistical downscaling in central Europe:
evaluation of methods and potential predictors[ J]. Climate
Research,1999,13(2) :91-101.

Wilby R L,Charles S P,Zorita E, et al. Guidelines for use
of climate scenarios developed from statistical downscaling
methods [ R ].
Climate Change (IPCC) ,2004.27.

Conway D, Jones P D. The use of weather types and air

Geneva: Intergovernmental Panel on

flow indices for GCM downscaling [ J ]. Journal of
Hydrology,1998,212-213 . 348-361.

Bermitidez M, Cea L, Van Uytven E, et al. A robust method
to update local river inundation maps using global climate
model output and weather typing based statistical
downscaling[ J ]. Water Resources Management, 2020, 34
(14) :4345-4362.

Fowler H J,Kilsby C G,0’ Connell P E, et al. A weather-
type conditioned multi-site stochastic rainfall model for the
generation of scenarios of climatic variability and change
[J]. Journal of Hydrology,2005,308(1/2/3/4) ;:50-66.
Bardossy A, Bogardi I, Matyasovszky 1. Fuzzy rule-based
downscaling of precipitation [ J |. Theoretical and Applied
Climatology ,2005,82( 1) :119-129.

Semenov M A, Brooks R J,Barrow E M, et al. Comparison
of the WGEN and LARS-WG stochastic weather generators
for diverse climates[ J]. Climate Research,1998,10. 95-
107.

Racsko P,Szeidl L,Semenov M. A serial approach to local
stochastic weather models [ J ]. Ecological Modelling,
1991,57(1/2) :27-41.

Wilby R L, Dawson C W, Barrow E M. SDSM: a decision
support tool for the assessment of regional climate change
impacts[ J]. Environmental Modelling & Software , 2002,
17(2) . 145-157.

Kay A L, Davies H N, Bell V A, et al. Comparison of
uncertainty sources for climate change impacts: flood
frequency in England[ J]. Climatic Change,2009,92(1/
2) :41-63.

Prudhomme C, Reynard N, Crooks S. Downscaling of
global climate models for flood frequency analysis: where

are we now? [ J]. Hydrological Processes,2002,16(6) :
1137-1150.

(23]

[24]

[25]

[26]

(27]

[28]

[29]

[30]

[31]

(32]

[33]

[34]

Hassan Z, Shamsudin S, Harun S. Application of SDSM
and LARS-WG for simulating and downscaling of rainfall
LI
Climatology ,2014,116( 1) :243-257.

Hashmi M Z,Shamseldin A Y, Melville B W. Downscaling
of future rainfall extreme eventsa weather generator based
approach[ C]//Proceedings of the 18th World IMACS/
MODSIM Congress. Cairns: Modelling and Simulation
Society of Australia and New Zealand,2009.

Dibike Y B, Coulibaly P. Hydrologic impact of climate

and  temperature Theoretical and  Applied

change in the Saguenay watershed: comparison of

downscaling methods and hydrologic models[ J . Journal of
Hydrology,2005,307(1/2/3/4) :145-163.

Caron A, Leconte R, Brissette F. An improved stochastic
weather generator for hydrological impact studies [ J ].
Canadian Water Resources Journal ,2008,33(3) :233-256.

Srikanthan R, Memahon T A. Stochastic generation of
annual , monthly and daily climate data; a review [ J ].
Hydrology and Earth System Sciences,2001,5(4) :653-
670.

Neyman J, Scott E L. Statistical approach to problems of
cosmology [ J |. Journal of the Royal Statistical Society:
Series B ( Methodological ) ,1958,20( 1) ;1-29.

Burton A, Fowler H J, Kilsby C G, et al. A stochastic
model  for  the

spatial-temporal  simulation  of

nonhomogeneous rainfall occurrence and amounts [ J ].
Water Resources Research,2010,46(11) :W11501.
Burton A, Fowler H J, Blenkinsop S, et al. Downscaling
transient climate change using a Neyman-Scott rectangular
pulses stochastic rainfall model[ J]. Journal of Hydrology,
2010,381(1/2) :18-32.

Gregersen I B, Sgrup H J D, Madsen H, et al. Assessing
future climatic changes of rainfall extremes at small spatio-
temporal scales[ J]. Climatic Change,2013,118(3) ;783-
797.

HRARAE A, IR 5, 55, XIS 5t Delta-DCSI R R
FETFELT]. R 22 224l ( TRE RS2 R |, 2009, 41
(5):1-7. (Hao Zhenchun, Li Li, Xu Yi, et al. Study on
Delta-DCSI  downscaling method of GCM output [ J .
Journal of Sichuan University ( Engineering Science
Edition) ,2009,41(5) :1-7. ( in Chinese) )

Liu Weilin, Zhu Shengnan, Huang Yipeng, et al.

Spatiotemporal ~ variations  of  drought and their
teleconnections with large-scale climate indices over the
Poyang Lake Basin, China [ J ]. Sustainability, 2020, 12
(9) :3526.

Zhang Xuebin, Alexander L, Hegerl G C,et al. Indices for
monitoring changes in extremes based on daily temperature
and precipitation datal J ]. WIREs; Climate Change,2011,
2(6) :851-870.

(MR H1.2025-02-02 k. Jitiolk)

- 183 -



