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Abstract: Quantitatively identifying the effects and contributions on the water balance evolution is the premise of
ecological environmental protection and scientific management of water resources. However, most of the previous
studies focused on the effects of climate change and human activities on runoff attenuation; few studies paid
attention to the attribution and quantitative identification of different factors in human activities. On the basis of
identifying the evolution process of water balance in the study area, the effects of precipitation change and human
activities on the evolution of water balance at different time periods were analyzed by using the double cumulative
curve method and the quantitative separation method of runoff change. The effects of the increase of water
resource exploitation and forestry water consumption on water balance evolution were analyzed in the Laiyuan
Basin and Qingshuihe Basin, respectively. The results show that: (1) The annual precipitation presented a slightly
decreasing trend with a decreasing rate of 0.97 mm/a in the past 65 years; since the 21st century, precipitation has
increased slightly. (2) Compared with the period of 19561979, the natural runoff attenuation during 1980—2000
was affected by precipitation change and human activities, with corresponding contributions of 49.25% and
50.75%, respectively. Soil and water conservation and afforestation are the main factors of human activity
affecting the change of water balance. the decrease in natural runoff was mainly caused by human activities, with
the influence contribution of 68.2%. The increase of groundwater exploitation was the main factor of human
activity, and the increase of water consumption was the second factor of human activity. (3) The increase in
reservoir storage and water consumption in mountainous areas led to the actual runoff attenuation directly, which
was the main reason for the intensification of water balance in the plain areas. (4) In the Qingshuihe River Basin,
there was a positive correlation between the increase of forest water consumption and the decline of mountain
runoff at a certain scale. The effect of runoff attenuation on the increase of forest area was not immediate, with a
lag of 15-20 a. As the forest area reached 23.48%, the increase in forest water consumption had a significant
negative effect on the natural runoff. An average increase of 1 km* of forest land led to water consumption being
increased by 37.25x10* m*/a, and the natural runoff being decreased by 59x10* m’/a. The increase in annual water
consumption of forest land accounted for 63.22% of the natural runoff attenuation. It indicated that the increase in
forest area played an important role in water conservation, resulting in a decrease in effective runoff. The results of
the study are of great significance for the ecological and environmental protection, scientific management of water
resources and regulation of water balance in the Beijing-Tianjin-Hebei mountain area.

Keywords: water balance evolution;  water attenuation; influence factors;

resources quantitative

identification; the mountainous area of Beijing-Tianjin-Hebei
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Fig. 5 Interannual variation of precipitation
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Fig. 6 The relationship between precipitation and runoff
(1956-1979)
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Table 1 Quantitative analysis of natural runoff attenuation

o N P K AR L5 M NZTGBh5E
B [&7K H/mm RIRZ W/ mm AR b/ mm
KB /mm LE /% it /mm Lt 51/%
1956—1979 572.96 130.23
1980—2000 516.33 74.24 —56.0 —27.58 49.25 —28.42 50.75
2001—2020 521.44 50.43 =79.80 -25.38 31.81 —54.42 68.19
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WA A I IR K 380 A Bk ) T A5 5 i 2 /K 38
JE R L1 X K OF A R Y A KIS B N &
4.2.1  FRHBFE K I8 Jin Xt 7K ST A 5 i

(1) DX sl A b A6 7K 25 A Xof 7K ST A 114 5 i)

TUHEHE 1] X 1985, 1990, 2000, 2010, 2020 4F 5
- b ) S AR SR A 1 AR L 20 R T, I X
- 2R A/ AR > > B . A LT 1985
AT, Mo B L T AR S /I A, A T B o, M
AR FEH 1985 419 35.87%, HAAIZE 2020 41 46.21%
A8 3 A b, bRl 32 B2 40 A AE R AT L, gl —a, D
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Table 2 The variation of proportion of land use

G MIBIEL e FBIEL e BRI %
1985 35.87 32.22 31.91
1990 36.62 31.79 31.59
2000 40.35 30.77 28.88
2010 43.38 30.79 25.83
2020 46.21 27.62 26.17
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R, TR LA K = AR5 S 32 0 RE AR 15 AR, bR b T R4 1y
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Fig. 7 The relationship between precipitation, surface water resources, forest land area, and forestry water consumption
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Table 3 The area and proportion of the tree species in the Qingshuihe River Basin
P Fp (SIS | RV 77 I = S = T SAN < (53 S/ o Ny N 70 SN 11 £ (7 SR 7
T Akm? 239.1 178.7 58.3 14.6 22.5 0.2 0.12 35.3 0.55 1.46 1.08 306.2 0.1 18.0
i /% 27.29 20.40 6.65 1.67 2.57 0.02 0.01 4.03 0.06 0.17 0.12 3495 0.01 2.05
R4 ERTREA BRI 2020 4, Ji 7K ] 3 SekobR i TR 22 30, iy 1985 4F

Table 4 Water consumption of dominant tree species in the
Qingshuihe River Basin’ ~*

B ERAG em  gm T PR
(=] 4—10  102~219 98~106 10 743.32
B 4—10  15.6~295 65~125 7452.00
gy 4—10  123~256 5.5~10.8 207.74
SFii] 4—10 40~95 50~105 539.41
S 4—10 86~156 45~65 1494.00
vty 4—10  13.5~203  9.5~10.8 245541
LN 4—11  123~218 8.6~102 2 696.08
FEFH 4—11 35~75 35~48 132.68
IS 5—10 35~83  1.0-~25 76.60
AR 4—9 45~78 2.0~35 600.00

T K IAT I 1985 A LK o Ak Tl B B 2% (K
K GV HATAE L )T, M9 B 2% (b 48 R
RV A AR 40 ] ) AR PR AN [R] MO Bk 245 A
AEFE K B , 42 HRAS ) 2 70 bk ot 4 33103 0 I P4 T
FIUMR G323 BE N BGIEAT RUBE IR, 2 17 430 DX 3 A
KR, 3 7K s L R AR AR AR K B LR S, AN 1985—

f9 437.65 km? B ANEY T 2020 4 1009.75 km?, #4017
130%. AH W 9 AR HFE 7K £ FH 1985 4F 119 1.168%10° m’,
WO E] T 2020 4519 3.172x10° m®, FX A A0 1 km?
M, RHAFEK B 3G T 37.25%10% mY/a.

x5 FAKARERFEKERL
Table S Water consumption of forest land in

Qingshui River Basin

Ay PR Hi T B/ km? MRHFEK /108 m?
1985 437.65 1.168
1990 439.12 1.379
1995 460.21 1.561
2000 558.95 1.492
2005 646.15 1.725
2010 663.13 2.083
2015 929.18 2.481
2020 1009.75 3.172

SR FHOBUZR T i 23k, 0358 7K I g del A I B A5 9 7%
Jr AT (18 8) o FEZK AR & B AE 2000 4 K2R T I35 K
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Fig. 8 Double accumulation curve of precipitation and runoff in
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Fig. 9 The relationship between precipitation, surface water resources, forest land area, and forestry water consumption
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Fig. 10 The relationship between groundwater extraction, base
discharge, and storage variables in major basins
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Fig. 11 Changes of hydrological elements in the Laiyuan basin (1956—2020)
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Fig. 12 Dual accumulation curve of precipitation and natural runoff in the Laiyuan Basin (1956—2020)
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Fig. 13 The relationship between precipitation and runoff in the
Laiyuan Basin
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Table 6 Analysis on contribution of natural runoff attenuation in the Laiyuan Basin

. ‘ SAREARALFE W NRIES R R K IR
e [ K & /mm FARAEFLGEIE /mm VAR R/ mm
Hit/mm i /% it /mm i /% it /mm & /%
1956—1969 560.36 142.15
1970—2000 523.91 88.61 ~53.54 -25.09 47 -28.44 53
2001—2020 508.21 46.08 -96.06 -34.55 36 -61.51 64 -26.96 28
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AR DL I XK B, n b m K G L 5] 8 AE S
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Fig. 14 Changes of water storage and storage capacity of large

and medium-sized reservoirs at different stages
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