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Abstract . Reference crop evapotranspiration ( ET,) is a key factor in eco-hydrological processes. The study of ET, evolution
in arid oasis areas not only helps us to understand the response of hydrological processes of oasis in the context of climate
change but also has a guiding significance for the efficient allocation of soil and water resources in oasis and the maintenance
of ecosystem stability. In this paper, we took the Yellow River Oasis in Ningxia autonomous region as an example,
calculated ET, based on meteorological data from 1960 to 2019 and the Penman-Monteith model, and used the Mann-

Kendall test, relative sensitivity coefficients, and Morlet wavelet analysis to study the characteristics of ET, evolution and its
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driving mechanism in the oasis over the past 60 years. The results showed that: (1) ET, of the Yellow River Oasis in
Ningxia presented a single peak pattern within a year. The ET, was higher from May to July and its accumulated value
accounted for 43.6% of the total annual ET,. The annual ET, from 1960 to 2019 was 1226.38 mm and increased with an
amplitude of 1.66 mm/a (P<0.01). However, the fluctuation characteristics of interannual ET, were significant in that the
ET, had no trend before the mutation year of 1988 while it increased or decreased significantly with a cycle of about every
decade after that. (2) The annual ET, mainly oscillated with cycles of 20—40 and 50—60 years, while its cycles
overlapped complicatedly in multiple time scales. Furthermore, the cycle and magnitude of oscillation in different seasons
varied greatly. The oscillation cycles in summer and autumn were close to that of the annual, but the oscillation magnitude
was stronger than that in winter and spring. (3) Although there were significant correlations between ET, and the six
meteorological factors used to calculate ET,, the sensitivity of ET to different meteorological factors varied. The sensitivity
of ET, on maximum temperature and relative humidity was higher, and the coefficients were 11.58% and 8.40%. (4) There
was a strong coupling between ET, and the regional climatic changes of the Yellow River Oasis in Ningxia.air temperature
sustained warming, relative humidity sustained decreasing, and their aerodynamic coupling result in vapor pressure deficit
increasing were critical to promote the enhancement of ET,. Meanwhile, the mutation of regional climate from wet to dry and

the abnormal fluctuation of average wind speed were the reasons to induce the abrupt change of ET,.
Key Words: Yellow River Oasis; evapotranspiration; sensitivity coefficient ; wavelet analysis ;reference crop evapotranspiration
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Fig.1 Location of Yellow River Oasis in Ningxia autonomous region and site of meteorological stations
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Fig.3 Interannual variation of ET of Yellow River Oasis in Ningxia autonomous region from 1960 to 2019
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Fig.5 Wavelet transform of annual ET of Yellow River Oasis in Ningxia Province
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Fig.7 Correlation between ET and various meteorological factors of Yellow River Oasis in Ningxia autonomous region
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Table 1  Sensitivity of ET,, to meteorological factors

AR H i Ul H -3l H ARl HHR R P-4 A H R4

Meteorological Daily maximum Daily mean air Daily minimum Relative Mean wind Sunshine
station air temperature temperature air temperature humidity speed hours
i 11.64 1.41 1.95 9.71 6.62 5.68
Sin 12.00 0.75 1.36 9.10 6.78 4.58
e 11.26 0.37 1.29 7.39 4.96 4.40
I 10.78 1.49 2.30 8.28 6.67 6.03
[(GP 11.20 1.03 1.59 8.36 7.04 8.05
L VN 12.61 0.81 1.14 7.55 6.34 3.59
FHJ Average 11.58 0.98 1.60 8.40 6.40 5.39

3 it

31 THEIFESGUNAFE R RIFE S

PSR AT 50 R, BT 2 T S 0 RN A0V J v B 18 i S B0k o B 1 28 R 05 A e 7 B 2 R
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BT IR UG AE R Kt AN — 2 AR 3 22 5%, Wby AR AR S Al PE AU BERY BT 38R T
H G| X ET, S WA L TRk g | B SRk ek SR8 A 57 A+ 224 Wi B0 4 M 36l L, {HL38 5 AR mF 55 11
GEE—8, BAN, TEUT S SR ST (Rn) 5 2 BROK PHAR ST RR S AR AR 3R — 30t te B S R AR
(B 8) HfR 30 i PRI B A XI5 | & “ 78 R AEie " MG kA, R IR TE TIOR3 ET, 2 E2 80 )
225, Andres %5 (BFGE R, BT, WS Ak 3232 5 23 3 80 1 R S 580y A 5 T, R AR T BV N B 4
SRR AR 5, (E 9K Bl — K SCIE P Y 23 K8l VR RS s B, I rb It DA 4y B ) 2% H504 588 1) AR R 7K VR
S (VPD) 7E 3 1G58 (&1 8) , AT WS SR 25 K3 A FHARIH 1 4% 5 o e ek 55 i 3000 , e & R 80T H T iR
LENIT 60 a FYAE ET, 5% 1.66 mm/a 3 FH B F WK (P=0.001)

BEAR  AHFSE K 0T U B ERIN ) ET, R 5 0 25 2 PR 38 in e 34 (Ll A7 7 et 009 0 i ke 55 7o B BBk 2
SeAbEa Y IR BTG E A BB ERAE (1 3) , b fE 1988 4ERTE ML T B MR M S X 522 415
AT EHLIX ET TE 1986 4E R AERA AR 3, T HEIFESM ET, 15878 512 DX S0 S5 10 7 228 1o 72
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Fig.8 Evolution of net radiation and vapor pressure deficit of Yellow River Oasis in Ningxia autonomous region
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Fig.9 Evolution of different meteorological factors of Yellow River Oasis in Ningxia Province
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