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Abstract: Reference evapotranspiration (ET,) is the water requirement of plants driven by meteorological factors. It is critical
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for restoration of vegetation and regional water resources management. In Southwest China where karst landforms are common,
the ecological environment is fragile. Extreme drought and flood events are usually caused by declining annual precipitation
and large amounts of precipitation within short time periods. The response of ET, to global climate change is a key in the as-
sessment of the effect of climate change on hydrology. Therefore, it was important to explore the spatial and temporal varia-
tions and the related driving factors of ET,. Based on data collected from 25 meteorological stations in Guangxi for the
1960-2010, daily ET, was computed using the FAO-56 Penman-Monteith equation. The spatio-temporal variations and the
driving factors of ET,in Guangxi karst and non-karst areas were analyzed separately using Kriging interpolations, cumulative
anomalies and spearman rank correlation at seasonal and annual scales. The driving factors of ETy in karst and non-karst areas
were analyzed using the path-analysis method. Results showed that ET, decreased gradually from southeast to northwest of the
study area, with an average rate of 1 138 mm-a~' during the studied period. High ET, was mainly distributed in non-karst areas
and low ET in karst areas. For different seasons, ET, values from stations in non-karst areas were generally higher than those
from stations in karst areas. Mean monthly ET, in both karst areas and non-karst areas tracked a unimodal curve, with rela-
tively high ET, for the period from May to September. Non-karst areas had higher ET, variations than karst areas. The average
monthly ET, in non-karst areas was 95 mm and that in karst areas 64 mm. Summer ET, was highest and winter ET, lowest. In
the recent 51 years, annual ET, for both karst and non-karst areas tracked N-shaped distribution, and were the highest in the
1970s and lowest in the 1990s with an increasing trend for period 2002—-2010. The trends of variation in annual ET, in Guangxi
were also analyzed. Out of the 25 stations, 3 stations in karst and 4 stations in non-karst areas had significant decrease in trend;
then 2 stations in karst and 1 station in non-karst areas showed significant increase in trend, and the other stations had no sig-
nificant trends. Analysis of the relationship between ET, and meteorological factors showed that sunshine duration, wind
speed and average temperature were the main meteorological factors driving ET, in non-karst areas. Relative humidity influ-
enced annual ET, by interacting with other meteorological factors in karst areas. Seasonally, sunshine duration and average
temperature had the highest impact on ET,, and both were positively related with ET,. Furthermore, the indirect effect of the
coefficient between wind speed and ET, was negative for karst areas and positive for non-karst areas in winter and spring.
Differences in geographical location and topography were the main reasons for the differences in ET, between karst and
non-karst areas. Therefore, understanding the trend of change and the reasons for the change in ET, in different regions was a
necessary measure for analysis of ecological water requirement.

Keywords: Reference evapotranspiration, Penman-Monteith equation; Karst area; Non-karst areas; Meteorological factor;
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Table 1 Change trend of ETy in Guangxi karst and non-karst areas from 1906 to 2010
Spearman Spearman
Spearman rank correlation Spearman rank correlation
Station Whether karst BT axfelas  MRRK Station Whether karst T, axfpfasy  MARH
development Trend of ET, orre aFlon development  Trend of ET, orrefation
coefficient coefficient
Rong’an Yes Decline ~0.440™ Hezhou No Decline -0.229
Guilin Yes Decline -0.153 Weizhoudao No Increase 0.025
Laibin Yes Decline -0.734™ Dongxing No Increase 0.458"
Liuzhou Yes Increase 0.155 Lingshan No Increase 0.158
Du’an Yes Increase 0.377" Beihai No Increase 0.182
Hechi Yes Decline —-0.042 Guiping No Decline -0.175
Fengshan Yes Decline -0.053 Qinzhou No Increase 0.219
Jingxi Yes Increase 0.187 Fangcheng No Increase 0.332
Pingguo Yes Increase 0.586" Nanning No Decline -0.594"
Napo Yes Decline -0365™" Yulin No Decline -0.341"
Longzhou Yes Increase 0.134 Tiandong No Decline -0.325
Wuzhou No Decline -0.221 Baise No Decline -0.337"
Mengshan No Decline -0.324"
*k ( ) 0.01 ;* ( ) 0.05 ** and * indicate that it passes the significance test at
the levels of 0.01 and 0.05, respectively.
b ; b
ET, ET, ET, ,
, ET, ,
ET,
3.3 -0.349 R
ETO 5
[25-26] 25
b
( ) ET, 3
ET, B
(2 3
; ET, ¢ 3
ET, ) ET,
0.845 0.759  0.664; ET, . ET, ET,
, ( 2
ET, ET, >
s ETO
ET, 0.862 0.797 i i )
0.679 -0.076 ET, ET, R ET,
-0.526
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Table 2 Path analysis between meteorological factors and annual ET( in Guangxi karst and non-karst areas
Indirect effect coefficient
Cucgry  MogmoslDime R s o
effect coefficient
n 0.450 — 0.245 0.155 -0.004 0.395 0.845
Guangxi 0 0.458 0.241 — 0.096 ~0.035 0.301 0.759
Tmean 0.296 0.235 0.148 — -0.015 0.368 0.664
RH -0.209 0.010 0.078 0.021 — 0.108 -0.100
n 0.471 — 0.078 0.099 0.037 0.214 0.686
Karst area 0 0.568 0.065 — ~0.085 0.044 0.024 0.591
Tmean 0.422 0.111 -0.115 — 0.046 0.043 0.464
RH -0.177 —0.098 -0.141 -0.111 — -0.349 -0.526
n 0.432 — 0.288 0.122 0.021 0.430 0.862
Non-karst area 0 0.469 0.265 — 0.129  -0.066 0328 0.797
Tmean 0.265 0.199 0.228 — -0.013 0.414 0.679
RH -0.203 —0.044 0.154 0.017 — 0.127 -0.076
n uy Tmean RH ; ET, n, U2, Tineans

RH represent sunshine duration, wind speed, temperature and relative humidity, respectively. Correlation coefficients are the total effect coefficients
of meteorological factors to ETy in path analysis.

F3 TABRTHEAEEISEXEENSKETHSEENEBENBESN

Table 3  Path analysis between meteorological factors and seasonal ET, in Guangxi karst and non-karst areas

Karst area Non-karst area
Season Meteorological
factor Direct effect Sum of indirect Total effect Direct effect Sum of indirect Total effect
coefficient effect coefficient coefficient coefficient effect coefficient coefficient
n 0.652 0.203 0.855 0.485 0.437 0.923
Spring
uy 0.363 -0.217 0.147 0.273 0.357 0.630
Tnean 0.385 0.183 0.567 0.210 0.545 0.755
RH -0.226 —-0.387 -0.613 —-0.349 -0.203 -0.551
n 0.663 0.242 0.906 0.739 0.240 0.979
Summer
s 0.220 0.206 0.426 0.184 0.325 0.510
Timean 0.258 0.489 0.747 0.068 0.458 0.526
RH —-0.155 -0.519 -0.674 —-0.251 -0.568 —-0.819
n 0.398 0.384 0.782 0.380 0.371 0.752
Aut
utumn o 0.495 0.202 0.697 0.554 0.243 0.797
Tinean 0.299 0.281 0.580 0.254 0.407 0.661
RH —-0.169 —-0.596 —-0.766 -0.154 —-0.147 -0.301
n 0.434 0.229 0.662 0.246 0.413 0.659
Winter s 0.604 ~0.198 0.406 0.573 0.164 0.737
Tmean 0.600 -0.166 0.434 0.417 0.250 0.667
RH -0.239 -0.307 —-0.546 -0.296 0.014 -0.282
n Uy Tmean RH ; ET, 7, U2, Tmeans

RH represent sunshine duration, wind speed, temperature and relative humidity, respectively. Correlation coefficients are the total effect coefficients
of meteorological factors to ETy in path analysis.
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