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Fig.2 Distribution map of elevation, sub basins, land use, and soil types in the Dawen River Basin
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Tab.1 Characteristics of hydrological and meteorological variables in the Dawen River Basin

Pk R B
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Ep gETo &y
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Fig.7 Inter annual variation of elasticity coefficient and drought index
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Tab.2 Contribution rates of different driving factors to runoff changes
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Fig.8 Sankey diagrams of land use in the Dawen River Basin for five periods: 1980, 1990, 2000, 2010, and 2020
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Tab.3 Hydro-meteorological elements in different periods

i 3 EAy T/C P/mm ETy/mm R/mm
FEUE 1961—1976 4F 12.62 751.53 1162.30 179.75
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2001—2020 4F 13.74 737.47 1098.32 108.92
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Tab.4 Time division of SWAT model construction in Dawen River Basin
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Tab. 5 Calibration results of model parameters in different periods
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- &/ (mm/h)
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v_ESCO.bsn T R AME R AL 0 1 0.83 0.40 0.35
v OV Nhru  HHERKE T 25 0.01 30 0.61 19.63 7.44
v_CANMX hru # Kjd /28 & /mm 0 100 30.81 10.59 94.86
r CN2.mgt SCS 12 £k &% 02 02 0.03 -0.04 -0.11
v_ALPHA BF.gw & a [AF/d 0 1 0.65 0.58 0.62

v_GW_DELAY.gw h F/KIERIa]/d 0 500 3.30 340.82 493.24

e o = deeea e =yl B
v_GWQMN.gw @% BRI 0 5000 842.87 4298.14 4988.06
B IR/ mm

r SOL BD().sol HIEiE%E/ (g/em?) 0.6 0.6 -0.49 0.14 -0.14
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Fig.9 The fitting results of monthly measured runoff and simulated runoff in the Dawen River Basin
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Tab.6 Evaluation of SWAT model indicators in

different periods

SE BT SRR N SIS Bl DTk R R WK 7.
M BASRE 1977 —2000 4EA5 4L T #5384k

i 1A NSE R? PR ol Sl ) P e R W (7 S R AW /N2 S
1963—1970 4, %52 094 0.97 56.74%;2001 —2020 FFAR4Y 11 HA A SETE B 5Tk %
He v 1971—1976 4£,56:11F 1] 0.80 091 140.30%, 32 BH 1 BsF 3 <04 250 3 B A 330 42 9 384
1963—1976 4, 5e %] 092 092 (RN Bl o B R AR B AR IE 2 3 e 3 o AHE
1979—1990 4, g ] 072 0.86 ARG AR AL BRI AE AR 8D 89.44 mm,
BT 19912000 4 5EHT 0.86  0.93 N TE B RS R A AN 2 10 5 R R 4 5
197972000 % WM 080 081 gy 79451 183%, AL E B SE R AKIES).
2003—2012 4, 0.71  0.89
AT H 2012—2020 4,56 3iF 3 0.66  0.90
2003—2020 4,55 % 0.71  0.84
KT BRBUTRENE
Tab.7 Calculation of contribution rate of runoff variation
ot Z AP 4A T /mm ZEFIR R TTHRZE/%
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AL HA(1961 —2020 ) 90.30 163.37 -89.44 -16.37 -73.07 18.30% 81.70%
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Runoff Evolution and Attribution Analysis of the Dawen River Basin Based on

Budyko Hypothesis and SWAT Model

ZHANG Wen', WANG Leyang'>3, CAO Hong*, WANG Weiguang'?3, SHANG Yanli’, GENG
Fuping®

(1.College of Hydrology and Water Resources, Hohai University, Nanjing 210098, China; 2.National Key Laboratory of
Water Disaster Prevention, Hohai University, Nanjing 210098, China; 3.Yangtze River Protection and Green Development
Research Institute, Hohai University, Nanjing 210098, China; 4.Nanjing Hydraulic Research Institute, Nanjing 210029,
China; 5.Hydrological Center of Tai'an City, Shandong Province, Tai'an 271001, China; 6.Shandong Provincial
Hydrological and Water Resources Survey Bureau, Jinan 250013, China)

Abstract: [ Objective] Quantitative analysis of the mechanisms by which climate change and human activities affect
runoff attenuation in the Dawen River Basin aims to provide theoretical support for adaptive management of water
resources in the basin. [ Methods] Based on the CN05.1 meteorological dataset and measured runoff data, linear trend
estimation, Mann Kendall test, cumulative anomaly method, and Pettitt method are used to systematically diagnose the
trends and abrupt changes in hydro meteorological elements; Construct a dual pathway attribution analysis framework
using Budyko's water balance equation and SWAT model to conduct attribution analysis on the runoff evolution process of

the watershed from 1961 to 2020. [Results](1)The results indicated that annual precipitation, potential evapotranspiration,



and runoff in the basin all exhibited declining trends over the study period, while temperature showed a rising trend.
Additionally, the annual runoff sequence experienced a significant mutation in 1976, with post-mutation runoff decreasing
by 49.76% relative to the baseline period. (2)The results based on the Budyko hypothesis indicate that precipitation,
potential evapotranspiration, and underlying surface contribute 19.06%, -12.83%, and 93.33% to the reduction of runoff,
respectively. (3)The analytical outcomes derived from the SWAT hydrological model reveal that climate change and
anthropogenic activities account for 18.30% and 81.7% of the variations in runoff, respectively. [ Conclusion] Both
methodologies consistently indicate that human interventions constitute the primary driver behind the declining streamflow
in the Dawen River Basin. These research findings serve as a robust scientific foundation for informing future
decision-making processes regarding sustainable water resource management and ecological conservation strategies within
the Dawen River Basin.

Keywords: runoff attribution analysis; Budyko theory; SWAT hydrological mode; Dawen River Basin
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