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Table 1 Contribution rate of meteorological elements changes to ET,, change in each period
BRRTERBNAT ETo I TTHR
B Contribution of meteor;)}l:;ﬁl;asl/ ;:ements changes to ET AER lfjfot. it j; A4y, DI = %\t
Period AR FREN 5 . HAHRE  Total contribution/% eig%ﬁ?“ gﬁ?
Average Sunshine Wind speed Relapye
temperature hours humidity
1960s—1970s 0.04 -0.66 -1.00 0.19 -1.43 -1.46 A
1970s—1980s 0.29 -0.35 -5.40 -0.69 -6.14 -6.16 A
1980s—1990s 0.94 -0.85 -1.90 0.10 -1.71 -1.72 R
1990s—2000s 0.73 -1.03 1.75 -0.55 0.89 0.90 R
2000s—2010s -0.97 -0.14 3.52 0.11 2.50 2.55 A
2011*—2014* 1.50 0.80 -0.84 -0.44 1.02 1.05 SRR
HE: 1960s—1970s 9 1971—1980 41 10 a “FIYEARXT T 1961 —1970 4F4X 11 a FIYEMAILE, DA 2011%—2016% 2014—2016 4F 3 a “FI{EHARXT
F2011—2013 4 3 a PHMEMEMLE. FFE.

Note: The 1960s—1970s is the 10-year average change rate of ET( in 1971—1980 relative to 1961—1970s, and so on. 2011*—2014* is the 3-year average change rate

of ET( in 2014—2016 relative to 2011-2013. The same below.
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HUARRHLIX 2013 —2016 FFEFELAFRIHEE PM, s IKIEH
A BE T H-0.18. —0.35, FHERFUET HBI %5
Sl. AZFHBI AL RERES PM,s ik % K30 B
m T SRR, RN T S5 H R SRS R
AR, RO XA e, AR, g, G, i
K 5 AT PMy s W JE I B i T E P K, R %

B, kO, AEET2EACE, DMEE N, TE
KAZEH B HOH AR T IS sk X O, H B s>
MR, &2 H B 1960 s Jil2b T #EE 40%. Hbtn]
DLEE L2 36 X6 H BRI 2L 52md . 1960—2016 4F 57 SE[A] 5T
BT RS TEILIL X IEZE N 1.0~13 'C, HiRZERBAREZ
St W] LB S S SR R

£2 20102016 FREHMX PM, s iRE. EXSKEEXZS5ET, E
Table2 PM2.5, meteorological elements and ET, in Beijing-Tianjin-Hebei region from 2010 to 2016

PM,s i

Concentration of HI 5 TR XSGR A ETy/mm
oy PM, 5/(ugm) Sunshine hours/h Temperature/'C Relative humidity/% Wind speed/(ms™) 0
Y .5
O TTaR T xF &F xF &F xF &F xF &F XF  &F  XF
Year Winter Year Winter Year Winter Year Winter Year Winter Year Winter
2010 2026 490 8.4 -5.6 0.49 0.53 1.94 2.28 1005 116
2011 2094 559 8.7 -5 0.47 0.45 1.87 2.45 993 124
2012 2092 624 8.2 -5 0.48 0.63 1.92 2.16 981 122
2013 61 229 2016 469 8.7 -4.4 0.51 0.62 1.9 2.07 1017 125
2014 56 198 1999 489 9.6 -3.9 0.47 0.56 1.61 2.1 981 127
2015 47 210 2022 525 9.2 -3.4 0.49 0.44 1.89 2.01 1013 133
2016 53 204 2024 512 9.1 -4.2 0.5 0.54 1.95 2.3 1019 129
5 PM,.s W FE AR R EL
Correlation coefficient with the -0.42 -0.53 -0.39 -0.44 0.29 0.42 -0.18 -0.35 -0.12 -0.37

concentration of PM2.5

e PMy s i BERUR RIS SCIR [42]
Note: The concentration of PM2.5 are from[42].
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Spatial-temporal variation characteristics and attribution analysis of
potential evapotranspiration in Beijing-Tianjin-Hebei region

Bi Yanjiel?, Zhao Jing'?, Zhao Yong**, Xiao Weihua?, Meng Fanjin*
(1. North China University of Water Resources and Electric Power, College of Water Resources, Zhengzhou 450046, China;

2. State Key Laboratory of Simulation and Regulation of Water Cycle in River Basin, China Institute of Water Resources and Hydropower
Research, Beijing 100038, China)

Abstract: This paper aims to investigate the spatial and temporal variation characteristics of the potential evapotranspiration (ET,) and its
response to climate change using the collected data from the daily weather observation of 23 meteorological stations in the
Beijing-Tianjin-Hebei region for 57 years from 1960-2016. The specific parameters of dataset included the daily average air temperature, the
maximum and minimum air temperature, relative humidity, wind speed and sunshine hours. We chose the Penman-Monteith formula to
calculate the daily ETjat each site, and then analyzed the spatial and temporal variation characteristics of the calculated ET,. A sensitivity
coefficient was used to quantitatively study the sensitivity of ET,to various meteorological elements and its spatial and temporal distribution.
The contribution rate was set to evaluate the influence of meteorological elements changes on the variation of ET, during the calculation. The
results show that: 1) The spatial distribution of ET, shows a decreasing trend from south to north across the Beijing-Tianjin-Hebei region,
except a high ETj in the central region, such as Tanggu, Huangye and Baoding stations. There was a linear decline rate of -0.92mm /a. e in
the whole distribution of ET. The spatial distribution of ETo MK (Penman-Monteith) decreased from the northwest to southeast. In temporal
characteristics, spring has the most obvious decrease, followed by autumn, summer, and winter. 2) The sensitivity coefficient of ET, to the
average air temperature, sunshine hours, relative humidity and wind speed are 0.26, 0.28, 0.31 and -044, respectively, indicating the most
sensitive to the changes of relative humidity in the Beijing-Tianjin-Hebei region, followed by the wind speed and sunshine hours. The
sensitivity coefficient of ET, to meteorological elements presents in a fluctuating trend from1960-2016, the sensitivity coefficient of ET, to
the wind speed and relative humidity in a downward trend, while the sensitivity coefficient of ET, to average temperature and sunshine hours
in an upward trend. The spatial distribution of the sensitivity coefficient from northwest to southeast: the wind speed and average
temperature gradually increased, while the sunshine hours and relative humidity gradually decreased. The spatial distribution characteristics
of the sensitivity coefficient of ETj to relative humidity and average temperature were the opposite situation, where the high sensitivity zone
of average temperature belongs to the low sensitive zone of relative humidity. The opposite phenomenon also occurred in the spatial
distribution characteristics of the sensitivity coefficient of ET, to sunshine hours and wind speed sensitivity, i.e., the high sensitivity zone of
sunshine hours belongs to the low sensitive zone of wind speed. 3) The contribution rate of meteorological elements to ET, depends on the
sensitivity coefficient and the relative change of meteorological elements. ET, has the most sensitivity to the changes of relative humidity,
but the change rate of the relative humidity was small. ET, has the lower sensitive to the changes of wind speed, but the change rate of the
wind speed was large, resulting the most contribution to ET, in the whole region was the wind speed. However, the stations number of the
wind speed as the dominant factor decreased with the measure time, whereas the stations number of the average temperature as the dominant
factor increased with the measure time, especially in the period of 2010—2014 to 2010s, 12 stations with the average temperature as the
dominant factor. The stations number of the sunshine hours as the dominant factor also increased with the measured time. It infers that the
average temperature and sunshine hours have much significant influences on ET, in recent years. From 2013 to 2016, the correlation
coefficients of the winter average air temperature, sunshine hours, relative humidity, wind speed and PM, s concentration were -0.44, -0.53,
0.42 and -0.35, respectively, while the correlation coefficients of ET, and PM, s concentration were -0.37. Therefore, it is possible that the
haze, especially winter haze, has a certain impact on meteorological elements, and thereby on ET,, in the Beijing-Tianjin-Hebei region.
Keywords: transpiration; evaporation; potential evapotranspiration; spatial and temporal variation; sensitivity analysis;
contribution rate; climate change; Beijing-Tianjin-Hebei



