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Quantitative assessment on the effects of reforestation and climate variability on

the seasonal streamflow in Pingjiang watershed using the extended Budyko model
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Abstract; The seasonal changes of streamflow in the watershed reflect the dynamic characteristics of water resources within
a year. In forested watersheds, it is generally accepted that forest cover change and climate variability are considered as two
critical driving factors to affect hydrological processes. Thus, quantifying the effects of reforestation and climate variability

on seasonal streamflow dynamics provides scientific basis for balancing regional carbon and water resources and developing

BEEWB VI EE TR E (GII151141) ; EZK AARARA T H (31660234, 31760111) 5 TTVEA 7S HE4ERA T H (20192BCBL23016)
rfE B #9:2020-02-29; [ & H kR B #A : 2020- 10-29
# W IRAER Corresponding author. E-mail ; liuwf729@ 126.com

http ://www.ecologica.cn



8784 JAE = 40 4

sustainable forest management strategies in the context of global climate change. The Pingjiang watershed, which is located
in the upper reach of Poyang Lake basin in subtropical China, was selected for this study. The entire study period consists of
the reference period (1961—1985) and the reforestation period ( 1986—2006) , based on the history of forest coverage
dynamics. The method of Mann-Kendall trend analysis was used to detect whether trends in the hydroclimatic variables
significantly varied over a long-term period. Meanwhile, the monthly aridity index ( the ratio of potential evapotranspiration
to effective precipitation) was applied to define two different seasons within a year as energy-limited season ( January—
June) and water-limited season ( July—December) , respectively. The extended Budyko model was used to quantify the
relative contribution of reforestation and climate variability to the seasonal changes of streamflow in the studied watershed.
First, based on Mann-Kendall method, streamflow in the water-limited season showed a significant increasing trend during
the study period (1961—2006) , but with no significant trend in hydrological and climatic variables for the energy-limited
season. Second, reforestation decreased streamflow in the energy-limited season by 11.71 mm/a (24.40% ) , but increased
that in the water-limited season by 12.27 mm/a (17.23%) compared with the reference period. By contrast, climate
variability related streamflow was reduced by 36.28 mm/a (75.60% ) in the energy-limited season but was increased by
58.94 mm/a (82.77% ) in the water-limited season. These results demonstrated that effects of reforestation on streamflow
can be cumulative over time and space. Reforestation had a positive role in regulating seasonal streamflow dynamics, while
there could be a time-lag for the response of seasonal streamflow to reforestation. The effects of reforestation on streamflow
was offset between the energy limited and water limited seasons, and the effects of climate variability on streamflow was
similar with those of reforestation. Meanwhile, these results also demonstrated that the seasonal changes of streamflow in the
Pingjiang watershed are primarily determined by climate change. However, reforestation may be another important driving

force to affect seasonal streamflow variation.

Key Words: Budyko model; reforestation; climate variability ; streamflow
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Table 1 Analysis of climate variables change between reference and reforestation periods

Z=5 Season P/mm  Py/mm  A/%  ET/mm ETy/mm  A/%  PET/mm PETy/mm A/% AS, ASy A%
fit e PR )2

. 1041.17 1016.64  -2.36  467.18  475.60 3.13 63458 633.44  -0.18 -11.68 3.36 128.77
Energy-limited
YA ES
7kﬁ[§E%Jé 496.96  551.52 1098  337.81  339.20 0.41 714.88  703.19 -1.64  -95.20 -113.25 -18.96
Water-limited

P W& Precipitation; A : ZF £ 43 kb Change percentage ; ET: 26 HU%: Evapotranspiration ; PET ; JETEZ&HUK Potential evapotranspiration;; AS : 2 /K 4k Change of water
storage;r: Z% ] Reference period; R: ZRMIKE ] Reforestation period

=& 2 FrzR , M Mann-Kendall 46 36 % 0 59 3 385 9 A0 RK SCAE S AT B $or B, 45 R B . 1961 &2
2006 4, Pk o3 B A i A 0 1 T (P<0.05) |, T HAR B 7K SO AR AS 1 A — i 3 B 1Y
TR R B R IR BN G
3.2 Budyko BEARIIA

H 3% 3 W1, 275 1] Budyko BEAUHLA RS FEZEBE I FR 1] 221 0.94( P<0.01) , /K43 BR 122K 0.69(P<0.01) ,
K LA, DAL S SR mT 5, IR, DNIE S BT AR Y, 78 AR AR 2301, BE o BIR o) 25 0 B3 o5 3R AR T
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Table 2 Trend analysis of climate and hydrological variables in the Pingjiang watershed from 1961 to 2006

75t Variables Mann-Kendall ( Z 1)
AERAE R H Annual precipitation 0.86

fi6 & PRl ZEF# T & Energy-limited season precipitation -0.06

IR 43 BR il ZER# TR 5 Water-limited season precipitation 0.75
SERTAE Annual runoff 1.25

AE IRl =12 i & Energy-limited season runoff -0.24

K43 BRI ZE 42 Hi it Energy-limited season runoff 2.18 =
AEFEHL % Annual evapotranspiration 1.19

PR Z= 28 HUK Energy-limited season evapolranspiration 1.34

Ky BR il ZE7% 4 & Water-limited season evapotranspiration 0.39

* F7n P<0.05
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Table 3 Parameter fitting for the Budyko model in the reference period

A S0 Parameter PEM 845 Evaluation index
Season n A R?
REE PRI Z® Energy-limited season 0.78 0.14 0.94
IK 43 FR #1172 Water-limited season 0.94 0.45x107% 0.69
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Fig.5 Effects of reforestation on seasonal streamflow under Budyko model fitting
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Table 4 Effects of reforestation and climate variability on seasonal streamflow

I Period AQ/mm AP/mm AQ./mm AQ;/mm AQ/ % AQ../% AQ./ %
L‘QEE‘ H |
Hbmﬁﬁﬂﬂé 1986—2006 -47.99 -24.53 -36.28 -11.71 8.22 75.60 24.40
Energy-limited

4 |
ASHRH 1986—2006 71.21 54.56 58.94 12.27 26.54 82.77 17.23

Water-limited
AQ; : M ELT | E AR A fE 5 The runoff variation caused by forest change; AQ, ;RS B2 BIFR AL LB The runoff variation caused by
climate change; AQ : ZEARIK 5 1 F1 228 17297 2 2% The difference of runoff between reference and reforestation periods; AP ; ZEFRIK 5 1 F1 27 1 4 7
Z 7% The difference of precipitation between reference and reforestation periods; AQ, F1 AQ., . Fx kA8 £k FI S % 48 55 XF 42 I A9 BT #k The relative

contributions of forest change and climate variability to streamflow
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Fig.6 The cumulative effects of reforestation and climate variability on seasonal streamflow
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