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Abstract: In this study, instrument-measured evaporation and conventional meteorological observations
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from 80 stations in Heilongjiang Province from 1961 to 2017 were collected. Using these data, methods
such as linear trend estimation, cumulative anomaly, Mann-Kendal mutation analysis, mathematical statis-
tics and Marr’s wavelet analysis were employed to analyze the annual and seasonal characteristics of the
spatio-temporal evolution of instrument-measured evaporation in Heilongjiang Province. Additionally, the
relationships of the characteristics with climate factors were analyzed. The results show that the geograph-
ical correlation of annual evaporation is significant. Annual evaporation decreases as latitude, longitude
and altitude increased. The decreasing rates are 55. 4 mm/°N, 45. 2 mm/°E and 88. 8 mm/(100 m), re-
spectively. From 1961 to 2017, annual evaporation in Heilongjiang Province showed a significant down-
ward trend, decreasing at 13.7 mm/(10 a). Annual evaporation had 8 a and 24 a cycles. Statistics show
that at up to 70. 0% of the stations, the annual pan evaporation show a downward trend, of which 62.5%
of the stations have passed the significance test at 0. 05 level, which means there is “evaporation paradox”
in Heilongjiang Province. Exploring seasonal pan evaporation trend shows that evaporation decreased sig-
nificantly in spring, having 24 a and quasi-2 a cycles, and 67 stations show a downward trend, 44 of which
show a significant downward trend (P<C0. 05). However, the magnitude of this decrease in summer and
fall is relatively small with non-significant changes, with 7 a cycles. In winter, evaporation increase slight-
ly having 24 a, 11 a, and 2 a cycles and 23 stations show a significant rising trend. Mutation test shows
that there is a significant mutation time of evaporation in year, spring and winter, but no significant muta-
tion in summer and autumn. Additionally, it is found that changes in annual and seasonal pan evaporation
are positively correlated with average temperature and wind speed, and negatively correlated with humidi-
ty. Our analysis indicates that a significant decrease in wind speed is the dominant factor leading to the de-
crease in evaporation throughout the year, and the superposition effect of a significant decrease in wind
speed and obvious humidification makes the decrease trend of spring evaporation more significant. The
higher temperature and lower relative humidity climate may be the cause of the slight increase in evapora-
tion in winter.
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Fig. 8 Spatial distribution of the trends of spring (a), summer (b), autumn (¢) and

winter (d) evaporation in Heilongjiang from 1961 to 2017
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autumn (d), winter (e) in Heilongjiang from 1961 to 2017
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Table 1 Climate change trend of the average climate factors in Heilongjiang and
the correlation coefficient with the evaporation in the corresponding period
B HH THRE  wGRE RERE i P K i ARG H 8 i 4 A K
- : /C /C /C /c /mm /% /h /mes! /hPa
HEEEME 0.0778 —0.1954 0. 3664 " 0.7493* —0.6797*  —0.6213*" 0.6485** 0.3513™" —0. 2050
2 RUFEREY 0.5865*  0,7498 " 0.3340%  —0.7196 " 0.1530 —0.0564  —0.5356*" —0,9507*  0.0899
SAEMmimER /10 a 0.28 0.42 0.15 —0.27 6.57 —0.07 —36.28 —0.26 —0.04
S5 EEHE 0.3192* 0.0027 0,95377** 0.8318* —0.4929*  —0.7834* 0.5807 ** 0.5610* —0,4083**
&% SAEEH R 0.3955** 0.6232™ 0. 1666 —0.7080 " 0.4288 ™ 0.2150 —0.4588™  —0.9063 " 0.4269 "
AR /10 a 0.30 0.51 0.14 —0.37 6.08 0.49 —10. 58 —0.33 0.13
HaEKkEHE 0.5203 ** 0.0153 0.7696 ** 0.8491* —0.6887* —0.9154*  0.8334* 0. 1857 —0.1164
"z B3R Y 0. 4956 ** 0.7388* 0.2854* —0.4335* —0.0730 0.0311 —0.2716* —0.8723** —0.0383
S Mm% /10 a 0.22 0. 36 0.15 —0.20 —2.58 0.06 —10. 24 —0.20 —0.05
SR AR 0.4262* 0.0918 0.6740*  0.7797*  —0.7292* —0.7591**  0.7627* 0.0798  —0.4127
% RiEl% R 0.3539* 0.5085** 0.1751 —0., 4254 0.0268 —0.1571 —0.3521"  —0.9242* 0.1872

KA 2% /10 a 0.22 0.34 0.12 —0.23 0.50 —0.36 —9.44 —0.27 0.06

SF 3 ¥ibS 0.82447*  0.7860"*  0.8492 " 0.1548 —0.0404  —0.6521"  0.2445" 0. 0830 0.6100**
A% KFE‘H R 0.3116* 0. 4060 ** 0.1748  —0.6350"*  0.6552**  —0.2513° —0.3611*" —0.8443**  0.2992"
S £/10 a 0.33 0,44 0.19 —0.25 2.51 —0.48 —6.2 —0.22 0.03

Wi owx,ox Fl e AR BIFORE L 0.01,0. 05 F1 0. 10 5P K FR .

Note: #% , %, + show passing the significance test at 0. 01, 0.05, 0. 10 levels, respectively.
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Table 2 Climate response equation of evaporation and relative contribution rates of climate factors

JFESTN . ¥ y ok 9
bl TR AR 56 R 8L HIX stk %
i R SR ‘
B4 T RH w T RH w
g EPy70.4270.267T, 0. 638 0.746 0.275 0. 643 0.523 20 49.5 29.9
RH,+0.385W, (10) ’ ° ’
A EPs, =0. 3980, 319 Ts, —0. 466
: 0.912%  0.626%  —0.704%  0,743% 26.2 35.0 38.8
h® RHs, +0.51TWs, (1D ’
g OO0 OTO900T s 0,627 0. 954 0.660  —0.898*  0.572% 26.8 55.0 18.2
- RHs, +0.208Ws,  (12) Y : - 0 : > :
&= EP4=0.660+0. 2797, —0.736 0. 846 * 0.533*  —0.790*  0.454* 22.4 61.2 16.5
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EPw =0.186-0.855T4 —0. 439
% 0.950™  0.910*  —0.802** 0,508 57.3 29. 4 13.4
® THy+0.199Ww (14 ° ’
Voo Lk MBI R 0.01,0. 05 B H KT
Note: #* . * show passing the significance test at 0. 01, 0. 05 levels. respectively.
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