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Pan evaporation paradox and
evaporative demand from the past
to the future over China: a review
Tingting Wang,1,2 Jie Zhang,1 Fubao Sun1,2,3* and Wenbin Liu1

In a warming climate, there was a long-term expectation that the atmospheric
evaporative demand would increase, which was challenged by an unexpected
discovery two decades ago of decreases in measured pan evaporation, now
widely termed as the ‘pan evaporation paradox.’ In this review, we summarize
recent reports on the pan evaporation paradox around the world over the past
half century, possible causes, implications for the water cycle, and its possible
change in the future. We then present a case study of China based on the latest
meteorological datasets and the state-of-the-art General Circulation Models
(GCMs). We confirm that pan evaporation (Epan) decreases in most parts of
China at an average of about −2.60 mm/y2, and this decrease disappears around
1993. We introduce and develop a detrending approach in sensitivity analysis
and find that changes in solar radiation, wind speed, and relative humidity over-
compensate the positive contribution of increasing air temperature in Epan and
lead to the well-known pan evaporation paradox. Positive changes in Epan using
12 state-of-the-art GCMs for 2021–2050 and for 2071–2100 under RCP4.5 and
RCP8.5 scenarios, respectively, when compared with their corresponding multi-
year mean over 1971–2000 as base line, shows that the evaporation paradox
would not appear in the future. We highlight that it is vital and promising to
move forward to interpreting how the atmospheric evaporative demand would
change in the future. © 2017 Wiley Periodicals, Inc.
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INTRODUCTION

Evaporation is the second largest component (after
precipitation) of the global terrestrial water cycle,

which returns about two-thirds of the average
700 mm/y of precipitation over the land.1–3 Mean-
while, land evaporation consumes over half of the

total solar energy absorbed by land surfaces,4 cooling
the land surface.5 Change in evaporation is of special
concern due to its direct impact on the water–energy
cycle, ecosystem stability, drought occurrence, water
resources management, and human activities.1 It is
observed that the global mean surface temperature
has increased since the late 19th century at the rate
of about 0.89�C for 1901–2012 and about 0.72�C
for 1951–2012.6 Over decades, there was a general
expectation that the hydrological cycle would be
accelerated in a warming climate in a series of assess-
ment reports by the Inter-governmental Panel on the
Climate Change (IPCC)6 and other research.7 The
expectation of changes in energy balance, which lead
to both higher temperature and more energy for
evaporation, should have resulted in an increase in
the atmospheric evaporative demand under global
warming about 30 years ago,8,9 but this was
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challenged by an unexpected discovery of decrease in
pan evaporation10 from long-term observations. That
discovery made by Peterson et al.10 in 1995 is now
widely termed as the ‘pan evaporation paradox,’11

which has been observed worldwide in various sizes
of evaporation pans (Figure 1).11–20

The phenomenon of the pan evaporation par-
adox has led to controversy among different
hypotheses on the relationship between terrestrial
evaporation and the evaporative demand and is
highly relevant to understanding whether the
global/regional hydrological cycle is accelerat-
ing11,21 (Figure 1d). More scientifically, to reveal
possible causes, the attribution of historical pan
evaporation records to climatic forcings, for exam-
ple, air temperature, net radiation/sunshine dura-
tion, wind speed, and relative humidity/vapor
pressure deficit, has been undertaken.13,22–24 In fact,
what is overlooked is whether the evaporation para-
dox would appear, as well as its causes, in the future
using state-of-the-art General Circulation Models
(GCMs)25–30 (Figure 1e). Changes in atmospheric
evaporative demand have mostly been reported sepa-
rately for the past and for the future, which are gener-
ally contradictory. Hence, it remains a challenge to
reconcile changes of atmospheric evaporative demand
in the past and for future climate.

In this review, we summarize worldwide
observed evidence, possible causes, and implications
for the global/regional water cycles of the pan evap-
oration paradox in Review on Pan Evaporation
Paradox Section and highlight the importance of

understanding future projected change in atmos-
pheric evaporative demand in Evaporative Demand
in GCMS Section. We present a case study of the
evaporative demand of China for the past using his-
torical meteorological datasets and also for the
future using state-of-the-art GCMs output in A Case
Study in China Section followed by concluding
remarks in last section.

REVIEW ON PAN EVAPORATION
PARADOX

Evidence from Worldwide Observations
Starting with Peterson et al.,10 the reported decline
in pan evaporation over the United States and the
former Soviet Union is 2–4 mm/y2 from the 1950s
to the early 1990s. A general declining trend
throughout the Northern Hemisphere was reported
at about −2 to −5 mm/y2 (see Table 1, originated
from Roderick et al.24 and updated till now) since
the 1950s11,31–34 except for India and Thailand,
which increased at about 10–12 mm/y2.35–37 For the
Southern Hemisphere, a decline rate in pan evapora-
tion of about −3 mm/y2 for 1975–2002 was first
reported in Australia14 and later updated to
−3.2 mm/y,2 accounting for the installation of bird
guards. New Zealand has a reported decline of
−2 mm/y2 since the 1970s.16 The decrease in pan
evaporation is almost, but not, universal; positive
trends are recorded in, for instance, Spain,38

FIGURE 1 | Evaporation pans used worldwide; (a) the D20 and (b) E601B pans used in China and (c) the Class A pan used in Australia (with bird
guard) and United States (without bird guard), etc. (d) The pan evaporation paradox and its implication in global water cycle and (e) the evaporative
demand from the past to the future over China, the blue '−' means negative change and attribution while red '+' means positive effect .
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Israel,39 Kuwait,40 part of China,41,42 and part of
Thailand.36

Possible Causes of Changes in Pan
Evaporation
Multiple climatic variables may contribute to changes
in pan evaporation. Previous studies propose that
pan evaporation changes can be partly attributed to
solar radiation changes7,10,13,14,32,41,52–54 and varia-
tions in aerodynamic factors, namely surface air tem-
perature, wind speed, and relative humidity/vapor
pressure deficit.15,17,31,34,50,55,56 The magnitude of
changes and importance of each forcing varied from
region to region, as summarized in Table 2.

In attributing the changes in pan evaporation
(Epan) to various meteorological variables, an
important approach proposed by Roderick et al.22

has been widely used. The contribution of each

variable to Epan changes can be obtained by calcu-
lating the partial derivatives multiplied by annual
or seasonal average trend, and the equation is as
follows:

dEpan

dt
=
∂Epan

∂Rn
�dRn

dt
+
∂Epan

∂Ta
�dTa

dt
+
∂Epan

∂u2
�du2
dt

+
∂Epan

∂rhum
�drhum

dt
: ð1Þ

More detailed expansion formulas of ∂Epan

∂Ta
, ∂Epan

∂u2
, ∂Epan

∂rhum,

and ∂Epan

∂Rn
in Eq. (1) are provided in the literature.22,30

The model for estimating the Epan is the PenPan
model,57,58 essentially from Penman’s combination
equation.23 In this model, the Epan in kg/(m2�s) can
be estimated as the sum of the radiative (Ep,R,
kg/(m2�s)) and aerodynamic (Ep,A, kg/(m2�s))
components58:

TABLE 1 | Averaged Trends of Pan and Potential Evaporation (dEpan/dt in mm/y2) for the Global and Regional Scales

dEpan/dt Region Reference

−4 Global Brusaert43

−3.2 Australia Roderick and Farquhar14

−2 New Zealand Roderick and Farquhar16

−2.2 USA Lawrimore and Peterson44

−1.0 Canada Burn and Hesch31

+2.94 Spain Vicente et al.38

−3.7 Former Soviet Union Peterson et al.10 and Golubev et al.7

−12 India Chattopadhyay and Hulme35

−1.84 Japan Asanuma et al.45

−10.5 Thailand Tebakari et al.36

2.24 Israel Cohen et al.39

−24 Turkey Ozdongan and Salvucci46

−0.93 Ireland Black et al.32

−0.1 ~ +0.1 British Isles Stanhill and Moller47

−0.621 Italy Moonen et al.33

−5.4 China Liu et al.48

−3.1 China (Yangtze River) Xu et al.49

−6 China (Northwest) Li et al.20

−4.6 (reference) China (Tibetan Plateau) Zhang et al.17 and Brusaert19

−1.7 (potential)

−1.1 (Pan)

−1.2 China (Southwest) Wang et al.50

−4.9 ~ +4.8 China (Yellow River) Wang et al.18

−4.91 (Pan) China (Hai River) Zheng et al.51

−1.77 (reference)
1 Trend for 1878–2000.
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Epan =Ep,R +Ep,A =
Δ

Δ + aγ
Rn
λ

� �
+

aγ
Δ + aγ

fq u2ð Þ�VPD
� �

ð2Þ
where Δ(Pa/K) is the slope of the change in satura-
tion vapor pressure (es, Pa) evaluated at a certain air
temperature (Ta, K); λ is the latent heat of vaporiza-
tion (2.45 × 106 J/Kg); a is the ratio of effective sur-
face areas for vapor and heat transfer calculated
based on the pan size; γ is the psychrometric constant
(≈ 67 Pa/K) that can also be calculated based on the
surface air pressure above the ground (Pa); and VPD
is the vapor pressure deficit (Pa) estimated using the
actual vapor pressure (ea, Pa) and the saturation
vapor pressure (es, Pa). fq(u2) (kg/(m2�s � Pa)) is an
empirical vapor transfer function that can be calcu-
lated using the wind speed at 2 m above the ground
(u2, m/s).

The attribution method (Eq. (1)) developed by
Roderick et al.22 is the key guide for separating con-
tributions from different meteorological variables to
the change in Epan. The physically based PenPan
model57–59 (Eq. (2)) can obtain excellent agreement
with measured Epan, which has been tested in
Australia,22,58 America,15 Northwest of China,20 and
around the world.57 The decline of solar radiation13

and change of aerodynamic components22 like wind
speed and vapor pressure deficit (or relative humid-
ity) has offset the positive effect of increasing air tem-
perature on the Epan and led to the famous pan
evaporation paradox.

Implication on the Global Terrestrial Water
Cycle
Changes in global terrestrial water cycles are difficult to
predict in that there are many observations of

evaporation over terrestrial surfaces, and pan evapora-
tion is the most widely used observed potential evapora-
tion from adequate water supply around the world.19,22

The reported decline in pan evaporation was immedi-
ately interpreted from the perspective of the global ter-
restrial water cycles.11,21 On one hand, the decrease in
pan evaporation was at first attributed to global ‘dim-
ming’60 with lower solar radiation, less evaporative
demand, and thus inevitable decrease in actual evapora-
tion and deceleration of water cycles. Therefore, the
decrease in solar radiation (sunshine duration) is seen as
the main cause of the decline in pan evaporation, and
the widely observed decline in pan evapora-
tion7,10,13,14,32,52 is thought to be slowing down the
global terrestrial hydrological cycle, which is then
expected to speed up as global dimming moves to
brightening.60 A complementary theory on terrestrial
evaporation and pan evaporation expects that increased
terrestrial evaporation, that is, an accelerated global
hydrological cycle, would increase moisture in the air,
thus reducing pan evaporation. This complementary
hypothesis is formulated by Brutsaert and Parlange11

and supported by Lawrimore and Peterson44 and Golu-
bev et al.7 This hypothesis suggests that the soil water
content, terrestrial evaporation, and the effect of their
interaction on variation in aerodynamic components,
for example, the decline in wind speed15,17,22,31,61 and
change in vapor pressure deficit or relative
humidity,15,34,35,37,38,50 play major roles in the evapora-
tion paradox. In bringing the two perspectives together
of whether the water cycle is accelerating or decelerat-
ing, Roderick and Farquhar,62 Sun et al.,63 and Yang
et al.21 proposed to use the Budyko curve to explain the
regional hydrological cycle based on pan evaporation
and precipitation, which provides an ecohydrological
perspective on the pan evaporation paradox.

TABLE 2 | Latest Review of Attribution to Evaporation Paradox in Terms of Net Radiation/Sunshine Duration (Rn); Vapor Pressure Deficit/
Relative Humidity (VPD); and Wind Speed (U) Showing Increase (+), Decrease (−), and Unchanged (~) Under the Positive Effect of Increasing Air
Temperature

Region Time Rn VPD u2 Region Time Rn VPD u2

Australia15,22 1975–2004 − + − Canada31 1971–2000 − − −

Former Soviet Union7,10,31 1950–1990 − USA15 1950–2002 − − −

Spain38 1961–2011 ~ − − Ireland32 1955–1984 −

India35 1940–1990 − − − Thailand36 1982–2000 −

Turkey46 1979–2002 − − Israel39 1964–1998 − + +

China41 1955–2000 − China48 1960–2007 − −

China (Yangtze River)49 1960–2000 − − China (Yellow River)18 1957–2008 − −

China (Northwest)20 1958–2010 − − − China (Tibetan Plateau)17,19 1966–2003
1966–2000

− −

China (Southwest)18,50,51 1962–2012 − − − China (Hai River)51 1957–2001 − - −
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EVAPORATIVE DEMAND IN GCMS

Previous research on the pan evaporation paradox
mainly focused on observations of historical peri-
ods. In fact, the very first study explicitly projecting
higher evaporative demand in a warmer climate
was by Rind et al.8,9 using climate models. How
will evaporative demand change in the future as a
consequence of the ongoing accumulation of green-
house gases in the atmosphere? How can we incor-
porate recent advances in the pan evaporation
paradox study into projecting future evaporative
demand?

GCMs are currently the most widely used
sources in assessing and projecting potential
evaporation,25,58,64,65 and the PenPan model has
been well used in estimating pan evaporation using
GCMs outputs.30 Feng and Fu26 pointed out that

potential evaporation would increase over terrestrial
surface almost everywhere at about 230 mm/y in the
RCP8.5 scenario in the 21st century, and other stud-
ies reported increases at global and regional
scale.27,29,66 Furthermore, it is not conclusively
established that the evaporative demand would
increase under an enhanced greenhouse climate.25

The CO2-induced increase in temperature alone
would no doubt have a positive effect on potential
evaporation.26,27 However, some studies have
highlighted the lack of temperature-based estima-
tions of potential evaporation in climate change
assessments,67–69 and physically based potential
evaporation calculation are more robust. Underly-
ing reasons, like the change of net radiation,13

slight decrease in wind speed,24 and increase in
vapor pressure deficit,27,70 have likely contributed
to the future change of evaporative demand. Very
recently, Liu and Sun30,71 assessed the ability of
12 GCMs in estimating pan evaporation and pro-
jected an increasing evaporative demand in the
future over China.

A CASE STUDY IN CHINA

The decline of potential evaporation trend has been
well reported in China41,63 as well as at the regional
scale, such as for the Tibetan Plateau,17,19,72 the
Yangtze River Basin,49 the Yellow River Basin,18 the
Hai River Basin,51 Northwest China,20 and South-
west China,50 while potential evaporation increased
in some parts .41 Here, we use pan evaporation in
China as a case study to interpret the pan evapora-
tion paradox in the past and the projection for the
future using state-of-the-art climate models.
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FIGURE 2 | Distribution of radiation and meteorological stations
over China.
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FIGURE 3 | The newly adjusted parameters of as and bs used to estimate the net radiation from the sunshine duration (the actual value shall
be the value in each counter line multiplied by 0.01).
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Observed Pan Evaporation in China
We adopt the physically based PenPan model22,57–59

(Eq. (2)) to estimate pan evaporation (the diameter of
the pan is 20 cm, hereafter D20). From there, we
estimate the D20 pan evaporation using the latest
datasets collected from the meteorological stations
distributed across China (Figure 2). The parameters
as and bs in the Angstrom formula73 are adjusted
(Figure 3) using data from radiation stations (red
dots in Figure 2), and good agreement between
observed and calculated Epan is achieved (see

Figure 4). As shown in Figure 3, the adjusted param-
eter as varies from place to place with a range of
0.12–0.29 and bs of 0.450–0.63, which would effec-
tively improve the estimated FAO-Penman73 results
of generally suggested values of 0.25 and 0.50 and in
turn affect the radiative component of Epan and thus
the final estimation. Instead of the commonly used
empirical wind speed function developed by Thom,59

we calibrate the wind function as,

fq u2ð Þ= 3:977× 10−8 1 + 0:505u2ð Þ ð3Þ

which applied to the whole of China, so as to adjust
the systematic bias of the simulated Epan for the D20
pan. After the calibration of the solar radiation esti-
mation, we obtain a good agreement between
observed and calculated Epan with an R2 of 0.92 and
RMSE of 26.03 mm/month (Figure 4).

The annual change of Epan over China for the
most recent period of 1960–2014 and the forcings
are shown in Figure 5, and the spatial pattern of the
periodical trends are shown in Figure 6. The annual
Epan exhibits an obvious downward trend for
1960–1993 at about −2.60 mm/y2 and then reverses
upward from 1994 at 4.29 mm/y2 over China
(Figure 5), showing strong evidence of the evapora-
tion paradox for the period of 1960–1993, generally
in line with worldwide observations.11,33,34,41,50 For
the recent period of 1994–2014, the strong warming
period, the Epan starts to go up. The relative humidity
(rhum) remains almost unchanged for 1960 –993 but
decreases at about −0.17% for 1994–2014, while the
sunshine duration (Sd) decreases during the first
period but stays almost unchanged for the latter
period. The change of the wind speed (u2) (termed
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FIGURE 4 | Correlation of observed pan evaporation (Obs Epan)
and calculated evaporation using the PenPan model (Cal Epan)
(327230 pairs of monthly observed pan and calculated Epan plotted,
and the color bar is the density of value within an interval of
61.05 mm/month).

FIGURE 5 | The distribution of pan evaporation trends of China for two periods with the positive trend covered with a mask of red and
negative with blue, respectively: (a) the trend for the period 1960–1993 of −24.56~+12.00 mm/y2 and (b) trend for 1994–2014 with range of
−28.08~+34.39 mm/y2.
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‘global stilling’22,61), Sd, and rhum (Figure 4) can
lead to a decrease in Epan, while the continuous
increasing of air temperature (T) is no doubt likely to
increase the Epan. These four meteorological forcings
work interactively and change Epan to varying
degrees. About 77.4% of the area of China shows a
downward trend, except for part of the Tibet Plateau
and several other small parts, for 1960–1993
(Figure 6). For 1994–2013, about 69.1% of the area
shows an increasing trend, and the evaporation para-
dox disappears in most parts of China.

Causes of Changes of Pan Evaporation
in the Past
Currently, the attribution method (Eq. (1)) proposed
by Roderick et al.,22 the partial differentiation
(PD) method, has been widely used. To make a com-
parison, in this study, we apply a detrending
approach, which originates in signal capture research
and is later used in drought monitoring,69 hydrology,
climate change,74 etc. It helps eliminate the long-term
trends in original meteorological forcings so as to
separate the role of climate trends and variability.
Zhang et al.69 first used this detrending approach to
quantify the contribution of each forcing to PDSI.
Here, we use the detrending approach proposed by
Zhang et al.69 in the sensitivity analysis of pan evap-
oration and make simple comparisons with the com-
monly used PD method first.

We summarize the comparison regarding the
attributing results based on the PD method and the
detrending approach against the calculated rate of
change using the annual time series of Epan (labeled
TEpan in Table 3) of selected stations. The results in
Table 3 show that the detrending approach is supe-
rior to the traditional PD method in attributing
changes of Epan to the mean value closer to the calcu-
lated rate of change of Epan for the periods of
1960–1993 and 1994–2014. The RMSE and Bias
estimated based on the detrending approach are
2.06 mm/y2 and −0.93 mm/y,2 respectively, in com-
parison with 3.81 mm/y2 and 1.83 mm/y2 using the
PD method for 1960–1993, indicating a better esti-
mation using the detrending approach in attributing
change of the Epan. The same conclusion holds for
1994–2014. The spatial distributions of the contribu-
tion of each forcing are shown in Figure 7.

For the period of 1960–1993, the rapid decrease
of wind speed (u2) of about 0.01 m/s leads to a
−2.56 mm/y2 change in Epan, which accounts for about
60% of the averaged change in Epan and is mostly a
negative trend, except in the southwest part of China
where a positive effect is detected. The solar duration
(Sd) comes next, leading to about −0.95 mm/y2 in Epan

and an air temperature of +0.92 mm/y2. So, the
decreasing u2 is the main reason why the pan evapora-
tion paradox and the negative effect due to decreasing
sunshine duration almost neutralizes the positive effect
of increasing air temperature.

For 1994–2013, the wind speed, air tempera-
ture (Tem), and relative humidity (rhum) affect the
Epan, which on average attributes about −1.41 mm/
y2, +1.12 mm/y,2 and +2.68 mm/y2, respectively,
while a small reduction of sunshine duration attri-
butes much less. Large variability between the

TABLE 3 | The Statistical Information (Mean, RMSE, and Bias) of
the Calculated Rate of Change Based on Annual Time Series of Epan
(TEpan); the Attributing Results Based on the Detrending Approach
(Detrend) and PD Method (PD) for 1960–1993 and 1994–2014,
Respectively

Y1960–1993 (mm/y2) Y1994–2014 (mm/y2)

Mean RMSE Bias Mean RMSE Bias

TEpan −2.91 2.56

Detrend −2.59 2.06 −0.93 1.68 2.11 −1.02

PD −2.40 3.81 1.83 0.86 3.76 −1.86
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FIGURE 6 | Pan evaporation changes as well as annual time
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humidity (rhum), and the air temperature (Tem) in China for
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maximum increase in the west and decrease in the
northeast is due to the effect of wind speed. The rise
of air temperature leads to about a 4–6 mm/y2

increase in pan evaporation around China, except in
the northeast, and a greater than 4 mm/y2 increase
due to the change of relative humidity in almost the
whole of China.

Projected Change in Evaporative Demand in
the Future
We use 12 state-of-the-art Coupled Model Intercom-
parison Project Phase 5 (CMIP5) GCMs30 to access

and project the future evaporative demand for
China. First, we calculate the multiyear mean Epan

anomalies (the mean value of whole China as the
base line) for 1961–2000 (D20 pan evaporation data
available for this period), and the results are shown
in Figure 8. All the GCMs underestimate the
observed Epan to some degree, but the spatial pattern
of most GCMs resembles the observations in differ-
ent parts of China, for example, the MRI model well
captures the anomaly in the northeast, north, and
part of southwest, and the CNRM model best repre-
sents the change in northwest, although none can
fully match the whole of China. None of the
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FIGURE 7 | Sensitivity analysis of pan evaporation for 1960–1993 (left column) and 1994–2014 (right column): (a1) the contribution of Sd for
1960–1993 and (b1) for 1994–2014, (a2) the contribution of u2 for 1960–1993 and (b2) for 1994–2014, (a3) the contribution of Tem for
1960–1993 and (b3) for 1994–2014, (a4) the contribution of rhum for 1960–1993 and (b4) for 1994–2014.
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calculated Epan resembles the observed Epan in the
Tibetan Plateau probably because the meteorological
and pan evaporation data are relatively limited in
such a complicated topography.

The CMIP5 climate models under two emission
scenarios (Representative Concentration Pathway,
RCP 4.5 and RCP 8.5) are used to project future
changes of Epan over China in order to provide insight
into changes of water and energy cycles and water
resources and agricultural water management in a
warming climate. After bias correction,30 the future
simulations (2021–2050 and 2071–2100) under
RCP4.5 and RCP8.5 scenarios are then calculated.
The historical multiyear averaged Epan (1971–2000)
in each GCM are used as base line to project the Epan

change. The spatial deficits of multiyear averaged
Epan between future cases and base line are shown in
Figure 9. The GCMs results project changes of
141.5 mm/y (11.9–310.1 mm/y) and 120.1 mm/y
(47.9–208.6 mm/y) in multiyear averaged Epan for
2021–2050 and 242.1 mm/y (58.7–498.0 mm/y) and
394.7 mm/y (161–652.7 mm/y) for 2071–2100,
under both low (RCP4.5) and high (RCP8.5) scenar-
ios, respectively. The INM and HADGEM models
overestimate the Epan under the RCP4.5 scenario and
thus the mean value of 12 GCMs compared with the
RCP8.5 scenario.
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CONCLUDING SUMMARY

In this review, we summarized recent reports on the
pan evaporation paradox around the world over the
past half century, possible causes, and its possible
changes in the future. Changes in pan evaporation
have mostly been reported separately for the past and
for the future. It remains a challenge to reconcile
changes of atmospheric evaporative demand in the
past and for the future. We used China as a case study
to understand changes in atmospheric evaporative
demand from the past to the future based on meteoro-
logical data and state-of-the-art climate models. We
confirmed that the pan evaporation decreases in most
parts of China on an average of about −2.60 mm/y2,
known as ‘evaporation paradox,’ and disappears
around 1993, which is consistent with Sun et al.63 We
proposed a calibrated wind function (fq(u2) = 3.977 ×
10− 8(1 + 0.505u2)) for the PenPan model in simulat-
ing the specific D20 pan evaporation with good per-
formance. We introduced a detrending approach to
attribute changes in pan evaporation, which performs
better than the commonly used partial differentiation
method. Changes in solar radiation, wind speed, and

vapor pressure deficit offset the positive contribution
of air temperature in Epan and lead to the well-known
pan evaporation paradox. Using the latest observa-
tions for 1994–2014, the warming signal is strong
enough, together with the decrease in relative humid-
ity neutralizing the negative attribution of wind speed
in some regions, leading to strengthening evaporative
demand. Furthermore, all the 12 GCMs underesti-
mated the observed Epan but with reasonable spatial
pattern in most GCMs. After applying a bias correc-
tion technique, the GCMs project multiyear averaged
changes of 141.5 mm/y (11.9–310.1 mm/y) and
120.1 mm/y (47.9–208.6 mm/y) for 2021–2050 and
242.1 mm/y (58.7–498.0 mm/y) and 394.7 mm/y
(161–652.7 mm/y) for the 2071–2100 under RCP4.5
and RCP8.5 scenarios, respectively, when compared
with the multiyear averaged Epan over the base line
period (1971–2000).

By comprehensively reviewing literature on the
pan evaporation paradox over last two decades and
presenting a case study over China, we show that it
is vital to interpret how atmospheric evaporative
demand will change in the future.
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