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Fig. 1 Plane structure of WEP-L model
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Fig. 2 Sub-basin units of Poyang Lake basin

KKk FHHANA 35



F2% F 14 BAESARBEFE) 2024 52 A

4 HREIR

4.1 AT AR AT R
b X AN T) A0 % oR BRIE L O R B T BAT 55
(Fisk] g ), AT GPU s i1 4341 2K
SCEEAY WEP-L 7= it B T4 7050 0k iy sk PR e
TR RN LA KR
S iy = (D

K o, FORBATIHERT AL, 85 1, FORIFATIH LR, 55
Spccay HIFATIHERINNE L .
42 REHFBHARKEE T ik i o b7
B ] 43 B F I Ak 8 712 4, JE Ak A% o
BB IHH GPU R RRE N 8, Lo 3h 4. 8.
16, 32, 64, 128, 256, 512, 1 024, %A% fin o 1 fig
AT AT, B 3 S 8T AT R R i
W, B IRATE (BN ARED , TR b . 4
B R R, Bifi A 2 R G T, A5 7R B3 o) ) 8 i /L
TG Bb 2R 0 A o Y R R BRI R A 1 TR
AN B, P IR AT AR A % B [ R e e S
[ R 1290 s, e Kt b 2.54, 745 %F GPU I
TP vE S b bl 2 A7 B B 3 K, AT S R 328 7 0 2
TN B R

80 000 430

70000 - — JE{T I A 1as
= 60000 - < HRA TR 20
E 50000 - sk L 120 2
= 40000 | 115 %
30000 - 110 E
= 20000 F

10 000 | I B 105

0

0
16 32 64 128 256 5121024

3 GPU FEIEIEHXT R HATIHERE xSt
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Fig. 4 Relationship between different workloads

and computational efficiency
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Parallel computing performance of distributed hydrological model
accelerated by GPU

PANG Chao'?, ZHOU Zuhao’, LIU Jiajia’, SHI Tianyu’, DU Chong', WANG Kun’, YU Xinzhe’

(1. School of Hydraulic & Electric-power, Heilongjiang University, Harbin 150080, China; 2. State Key Laboratory of Simulation and Regulation of
River Basin Water Cycle, China Institute of Water Resources and Hydropower Research (IWHR), Beijing 100038, China )

Abstract: With the development of distributed hydrological models towards larger watersheds and finer granularity,
computational efficiency gradually became a bottleneck, and parallel computing technology emerged as an effective
solution to this challenge. In the realm of parallel computing for distributed hydrological models, most of the
existing studies have primarily focused on CPU-based parallel techniques, with relatively limited research on GPU-
based parallel methods. Furthermore, investigations on distributed hydrological models incorporating physical
mechanisms remain scarce.

This study centered around the physically-based distributed hydrological model WEP-L ( water and energy
transfer processes in large river basins ) and explored the utilization of GPU-based parallel computing techniques.
From a spatial perspective, the WEP-L model divides the watershed into numerous sub-basin units, where each
unit's runoff calculations are independent, offering spatial parallelism. The interdependencies between simulation
units were taken into account while allocating jobs to several computer units for parallel execution. Consequently,
the runoff process of the model was parallelized based on sub-basins, dividing the Poyang Lake basin into 8,712 sub-
units, and employing GPU threads to execute parallel computations through kernel functions.

It is founded that the distributed hydrological model's suggested GPU-based parallel approach significantly
accelerated the process. With an increase in GPU thread count, the parallel computing time steadily reduced. The
parallel performance was most efficient when the total thread count closely approached the number of divided sub-
basins. In the experimental Poyang Lake basin with 8,712 sub-basin units in the WEP-L model, the maximum
speedup reached around 2.5. Secondly, the performance of GPU parallel computing was influenced not only by the
degree of parallelism but also by the computational workload. With an increase in computational workload, both
serial and parallel computation times increased. However, due to the smaller rate of increase in parallel computation
time compared to the serial method, the speedup gradually increased, albeit at a diminishing rate. When the number
of sub-basin units in the experimental WEP-L model increased to 24,897, the speedup ratio reached 3.5, indicating
the considerable potential for GPU parallel algorithms in the computation of physically-based large-scale watershed
distributed hydrological models.

In conclusion, GPU-based parallel algorithms showed great promise for computing large-scale, physically-
based, watershed-distributed hydrological models. The results indicated that the enhancement of parallel efficiency
was contingent not only on the number of parallel threads activated but also on the size of the computational
workload. The parallel calculation time decreased gradually as the number of GPU threads rose. As the computing
demand rose, the speedup ratio increased correspondingly. GPU-based parallel computing represents the current
trend in parallel computing. This study could provide valuable experience for other researchers exploring GPU
parallel algorithms, contributing to the facilitation of interdisciplinary collaboration between computer science and

water resources engineering.

Key words: GPU-based parallel algorithm; physical mechanism; distributed hydrological model; WEP-L model;

computational performance.
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