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Abstract; Catchment hydrological progress has been greatly influenced under the background of intensive variability in
precipitation , temperature, and land cover/land use due to climate changes and human activities. It is desired to explore the
causes of hydrological changes in the basin to achieve sustainable management of water and soil resources. This paper
employed Mann-Kendall trend test and Mann-Kendall abrupt point test to analyze the temporal variation of runoff in the Tao
River and the Daxia River. Results showed that annual runoff had a significant decreasing trend with a rate of —1.85 mm/a
in Tao River and —1.36 mm/a in Daxia River during the past 57 years (1961—2017). We analyzed the breakpoint of the
annual runoff of the two rivers and split the whole period into two sub-periods at the breakpoint ( period 1; before the
breakpoint ; period 2 after the breakpoint). The annual runoff in the Tao River can be divided into the base period from
1961 to 1987 and the human activity affected period from 1988 to 2017, whereas the base period is 1961—1985 and the
human activity influenced period is 1986—2017 in the Daxia River. In order to detect the major cause for the runoff

decline, the elasticity of runoff from the Choudhury-Yang equation that is a water-energy balance equation based on Budyko
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hypothesis was applied. The change of annual runoff from period-1 to period-2 was the catchment hydrological response of
the change to the precipitation, potential evaporation and land use/cover (represented by AP, AET,, Aw), and we
calculated the runoff change based on the elasticity of runoff. Elasticities of runoff were calculated in the two rivers based on
their climate condition (represented by the aridity index, ET,/P) and landscape condition ( represented by the parameter,
®) . The results indicated that land use/cover was the dominant factor accounting for more than 60% of runoff variation in
the Tao and Daxia catchments, followed by precipitation, and the weakest was potential evapotranspiration, accounting for
approximately 10%. The impact of land use/cover change mainly came from vegetation increase due to reforestation during
soil and water conservation practices in the past 30 years and also partially due to climate variability especially temperature
increase. In a word, the underlying surface changes are the main factors causing the change of runoff in the study area. It
can be predicted the runoff change in the two catchments under the future climate scenario without direct human impact

based on elasticity of runoff from historical hydroclimatic data.

Key Words: Tao River; Daxia River; Budyko water-energy equation; human activity; runoff change
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Fig.1 Locations of hydro—climatic stations in the study area
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Table 1 Hydrological and climatic change characteristics of basins

Fibk Sk S KB km? R WIR Runoff depth/mm AERER H MK K56 AEVERIEZR UL MK K56
P Y s\ S PV km .
. ) Annual Annual potential
Basin Station Catchment area FHIE WAB L MK 58 precipitation test evapotranspiration test
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Fig.2 Runoff changing trends and abrupt changes
UFk : MK 1E 7K 5645114 MK normal series test statistics; UBk : MK 3 ¥/ 564¢ 112 MK inverse series test statistics
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Fig.3 Climate changing trends in the study area
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Table 2 Statistics in hydro—climatic variables of the basin

“ﬁf}‘] . lﬂilﬁfd P/mm R/mm ETy/mm ® R/P ETy/P - MERR za:my Coeﬁwlejw
Wi 1961—1987  567.52 212.56 860.01 1.05 0.37 1.53 1.67 -0.67 -1.08
1988—2017  530.71 146.36 878.62 1.25 0.28 1.66 1.92 -0.92 -131
PNZAG| 1961—1985  508.68 149.98 821.13 1.25 0.29 1.61 1.92 -0.92 -1.10
1986—2017  498.58 99.19 862.12 1.57 0.20 1.73 231 -131 -1.60

ETy: Y FEZH Annual average potential evapotranspiration R: FYJFRHTIR Average runoff depth; P; YK Average precipitation; o F#IFIESE
Underlying surface feature parameters; R/P: {831 2% Runoff coefficient; ET,/P: T 454X Drought index; &p: FERI#PE REL Elasticity coefficient of precipitation; &gy

WETEZEHUR T 28 Elasticity coefficient of potential evapotranspiration; €, TR R SR A R AR Elasticity coefficient of underlying surface feature parameter

SRS, Wil KE s i AR LS ET, 0 20,5 P 2IEASE, X548 ST 99 B
PRI Bl ) B T AR R A 1961—1987 4E (1Y 1.67 3% N3] 1988—2017 414 1.92, Ul B[R Y RE/K HS 1 10%
i, 1987 4ELAFT 2 Wk AR R AN 16.7% , W 238 1987 4E2Z S5 WA I 19.2% , 3% B B 7K X6 A2 37 640 5 vl o 2 9k —
AN R B AR R B E T B o BN 10% W], 1987 4 DL 43 5123 0 Wk ) 448 0 08 2D 6.7 % a5 %
10.8% ,1987 42 J5 43 MR TR /D 9.2% 8% 13.1% , [F1FE, K E W G s iy P FR VAR 28 HIUR | T 3 AR AiE
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Fig.4 Interannual changes of drought index and elasticity coefficients
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PRGOS R ST B K245 . SIEMEIAE He , Pkl sk i A2 30 0820 319% , T i imn A8 Ak X 42 s /0 1Y) 53
MR O AR R (63.68% ), FLUR IR, BTk 33.99% , W TEZE R DTk e /N . R BTSN 2T S A LT o
1, SRS I DT R 76.87% , [ T RN AE 2K UK STk B, 43 B 5Tk 10.50% 1 12.63%
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Table 3 Contributions of hydro-climatic variables to runoff changes

N s
3 Y .
i AR Human = e Jm dRy/mm dRy/mm dR/mm dRmm 6/mm C%  Co/%  C/%
Basin Base period activity

period
i 1961—1987  1988—2017 -23.06 -1.58 -43.21 -67.85 -66.20 -1.65 33.99 2.33 63.68
KEW  1961—1985  1986—2017 -5.70 -6.86 -41.74 -54.30 -50.79 -3.51 10.50 12.63 76.87

dRp: FEFIFIRAZ R Runoff changes caused by precipitation; dR ypy: THTEZETHUL 51 A2 A2 4L Runoff changes caused by potential evapotranspiration; dR,,:
TSR AETAEM, Runoff changes caused by underlying surface; dR: HHRHIZ AL Runoff depth changes by calculated; dR': ZIRIRZ 2% Runoff depth
difference; §: dR'5 dR M 2Z{H Difference between dR'and dR; Cp: FEFNXTR A LAY TIHKR The contribution of precipitation to runoff changes; €y WTEZRL X 12
AR BTEEE The contribution of potential evapotranspiration to runoff changes; C,,: T #7325 {6 A 5T #E%E The contribution of underlying surface to changes

in runoff
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AR SC LA T S Rk R R A AT 4, R B Mann-Kendall 3506 56 | 98 48 55 J7 ¥ 3 BT I 3k
1961—2017 4EZ2 T 51284k, FE T Budyko ZKIAHE A 77 B2 B8 5t £ A0 28 AL RN N 2835 Bl % 4% 1 A8 AL 1) BT ik,
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