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Fig. 1 Observed 24 h accumulated precipitation from 20:
00 on 16 August to 20:00 on 17 August 2015 (unit: mm)
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Fig. 3 Terrain height distribution over the two nested simulation domains (A1 and A2) and the Sichuan Basin region (A3)
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Tab. 1 Regional mean TS scores of 24 h accumulated

precipitation in each experiment
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Fig. 7 Difference fields of 24 h accumulated precipitation between sensitivity experiments and CTL (unit: mm)
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Fig. 8 Time series of regional average hourly rainfall and rainfall difference on the 16th
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simulation experiments on the influence of terrain height on

Simulation Evaluation of the Influence of Basin Terrain Height on Extreme Rainfall Based on
WRF
Li Congmin
(Hebei Baoding Hydrological Survey and Research Center, Baoding,071051, China)

Abstract: Basin topography can strongly modulate extreme rainfall by altering low-level moisture transport, convergence, and thermal
stratification. To evaluate the influence of basin terrain height on extreme rainfall and its physical mechanisms, this study applies the
WRF-ARW version 4. 3. 1 mesoscale model to the "8+ 16" extreme rainfall event that occurred over the Sichuan-Chongqing region in
2015. Eight terrain-height sensitivity experiments are designed, including the original-terrain control experiment (CTL), three terrain-
lowering experiments, and four terrain-raising experiments based on a 1200 m reference height. NCEP reanalysis data are used as the
initial and lateral boundary conditions, and CLDAS hourly precipitation data are used for model verification. The analysis combines
precipitation verification indices, spatial and hourly rainfall evolution, 850 hPa water vapor transport, water vapor flux divergence,
pseudo-equivalent potential temperature, and vertical velocity. The results show that the control experiment reasonably reproduces the
observed northeast-southwest-oriented rainband and the main heavy-rainfall center in the central basin. The threat score exceeds
0. 98 for precipitation above 0. 1 mm, while the scores for the 10 mm, 25 mm, and 50 mm thresholds are approximately 0. 50, 0. 22,
and 0. 10, respectively, indicating usable skill for the main rainfall pattern but larger uncertainty for rainstorm-level precipitation.
Terrain-height perturbations produce local differences in 24 h accumulated precipitation exceeding 80 mm. Terrain uplift generally
enhances precipitation in the central and northeastern basin, weakens precipitation in the southern basin, and shifts the rainfall center
above 250 mm southwestward from approximately (30. 8°N, 105. 8°E) in Ep1_6 to approximately (30. 0°N, 105.2°E) in Ep1_2; no
rainfall center above 250 mm appears in Epl_1. Terrain height also affects the diurnal evolution of precipitation. The precipitation

peak in CTL reaches 3. 04 mm at 23:00 UTC on 16 August, while Ep1_1 shows an earlier double-peak structure and Em1_3 lags CTL
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by about 1 h. Mechanism analysis further shows that changes in basin terrain height alter the low-level moisture transport pathway and
the location of 850 hPa water vapor convergence near the basin margins. These changes modify the horizontal gradient of pseudo-
equivalent potential temperature in the lower and middle troposphere, thereby affecting stratification instability and the development of
upward motion. As a result, the intensity, location, and timing of heavy precipitation are modulated by the terrain-height perturbations.
These results suggest that basin terrain-height variation is an important factor affecting the intensity, location, and peak timing of this
extreme rainfall event, and can provide a reference for terrain-sensitive simulation, forecast uncertainty assessment, and flood-risk
warning in mountainous basin regions. They also highlight the need to represent basin terrain height carefully in numerical models
used for operational rainfall forecasting.

Keywords: WRF model; basin terrain; terrain height; extreme rainfall; sensitivity experiment; water vapor convergence
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