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A simple transfer function method is used to spatially downscale extreme precipitation and temperature in-
dices of six GCMs (CNRM-CM3, GFDL-CM2.1, INM-CM3.0, IPSL-CM4, MIROC3.2_M and NCAR-PCM) under
three emission scenarios (A1B, A2, B1) from grid outputs to target station to project their potential spatio-
temporal changes on the Loess Plateau of China during the 21st century. GCMs project that extreme climate
events will keep the present change trend, i.e. longer heatwave duration and growing season length, less cold
extremes, smaller annual extreme temperature range, more frequent and intense precipitation, and longer
drought duration; and climate models suggest that the changes during the 21st century are a further ampli-
fication of those at present. Spatial variations exist in the changes of extreme indices, the greatest changes
will occur in the southeast and northwest region for extreme precipitation indices while in the north and
southeast region for extreme temperature events. The projected changes in extreme climate will possibly
bring great impacts on the soil losses and agriculture on the Loess Plateau and countermeasures should be
planned.

© 2011 Elsevier B.V. All rights reserved.
1. Introduction

Since extreme climate events are likely to cause more damages to
society and ecosystems than simple shifts in the mean values (Katz
and Brown, 1992; Mearns et al., 1997), increasing concerns about
their changes arise. A variety of studies have analyzed the change
trends of historical extreme climate events in different areas of the
world (Frich et al., 2002; Wang and Zhou, 2005; Alexander et al.,
2006; Bocheva et al., 2009), and some significant trends have been
detected, such as increases in the number of daily warm extremes
and reductions in the number of daily cold extremes, and increases
in heavy precipitation events and droughts (IPCC, 2007). As extreme
climate events have great adverse impacts to a large extent, their
change trends in the future should be paid more attention; therefore,
some useful information can be provided for developing climate
change mitigation and adaptation strategies.

To quantify the changes of extreme climate events, ten indices (five
temperature-based and five precipitation-based indices) proposed by
Frich et al. (2002) have been selected by tenGeneral CirculationModels
(GCMs) in support of the IPCC AR4 to simulate past changes and project
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future changes of extreme climate events. Though these results provide
important information, somework still need to be done to get more ac-
curate projections due to the coarse resolutions of GCMs (grid outputs,
Table 1). For example, a similar study conducted in the Yangtze River
Basin finds that six GCMs all overestimate extreme indices and don't re-
produce the spatial pattern well (Xu et al., 2009). Therefore, it is impor-
tant to downscale the GCMs grid outputs to local scale. To downscale
GCMs outputs, two kinds of methods are often used, i.e. dynamic and
statisticalmethods (IPCC, 2001). The dynamicmethods, namely region-
al climate modeling (RCM), can generate higher resolution data and is
often used in extreme climate events study (Goubanova and Li, 2007;
Kyselý and Beranová, 2008; Fischer and Schär, 2009; Coppola and
Giorgi, 2010; Im et al., 2011); however, RCM is time-consuming and
costly. Statistical methods are easy to realize and can be calibrated to
local conditions, which is widely used in extreme climate projection
in recent years (Wilby et al., 1998; Katz, 1999; Zhang, 2005; Li et al.,
2011; Taye et al., 2011).

Future changes in extreme climate events have been discussed
over many regions. In general, great spatiotemporal variations exist
in the potential changes of extreme precipitation events (EPE). How-
ever, extreme temperature events (ETE) have more significant re-
sponses to global warming than EPE and coherent spatial patterns
of significant changes in ETE have been detected, such as longer heat-
wave duration, less cold nights, smaller annual extreme temperature
range (Alexander et al., 2006; IPCC, 2007). It should be noted that the
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Table 1
The indices of extreme climate events.

Indices Name Definition Unit

CDD Consecutive dry days Maximum number of consecutive days with PRCPb1 mm day
R10 Number of heavy precipitation Annual count of days when PRCP>10 mm day
R5d Max 5 days precipitation amount Monthly maximum 5-day precipitation mm
R95t Annual rainfall fraction due to very wet days Fraction of annual total precipitation due to events exceeding the

95th percentile of the 1961–1990 base period
%

SDII Simple daily intensity index Annual total precipitation divided by the number of wet days
(defined as PRCP>1.0 mm) in the year

mm/day

TN90 Warm nights Percent of time Tmin>the long-term 90th percentile value of daily Tmin %
FD Total number of frost days Days with Tminb0 °C day
ETR Intra-annual extreme temperature range Difference between the highest and the lowest temperature of the same calendar year °C
GSL Growing season length Period between when Tday>5 °C for>5 d and Tdayb5 °C for>5 d day
HWDI Heat wave duration index Maximum period>5 consecutive days with Tmax>5 °C above the 1960–1990 daily

Tmax normal
day
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projected results are also subject to the uncertainties due to GCMs,
downscaling methods, and regions (Olesen et al., 2007; Kay et al.,
2009; Prudhomme and Davies, 2009). Therefore, assessing changes
of extreme climate events should be carried out in different regions
using multi-GCMs under multi-emission scenarios with different
methods to obtain more accurate results.

The Loess Plateau is situated in the middle reaches of the Yellow
River basin, north China (Fig. 1). Most areas of the Loess Plateau be-
long to sub-humid and semi-arid climate with average annual precip-
itation ranging from 200 mm in the northwest to 750 mm in the
southeast. The rainy season from June to September accounts for
60-70% of the total precipitation, most of which is in the form of
high intensity rainstorms (Zhang et al., 2008; Li et al., 2009). The rain-
storms contribute greatly to the soil and water losses in the Loess Pla-
teau. Though only about 6% rainfall generate runoff, soil losses caused
by one severe heavy storm can account for 60-90% of the annual soil
losses (Zhou and Wang, 1992). The combined effects of frequent
heavy rainfall, steeply sloping landscapes, low vegetation cover, and
highly erodible soils have ranked the Loess Plateau as one of the
most severely eroded areas in the world, with an estimated mean an-
nual soil loss rate of 5,000-10,000 tonnes km−2 year−1 (Zhang et al.,
2008). Rain-fed farming systems account for 80% of the total cultivat-
ed land area on the Loess Plateau (Shan, 1994), and the agriculture is
greatly dependent on and sensitive to climate (Wang and Liu, 2003).
As extreme temperature events can affect crop growth differently
with changes in frequency versus continuous days of maximum
versus minimum temperature, a short period of abnormally high or
Fig. 1. Location of the Loess Plateau and its meteorological stations.
low temperatures can cause significant damage to crop growth and
final yield (Thompson, 1975; Mearns et al., 1984). For example, a
heavy frost hitting Ningxia Province on the Loess Plateau from May
3 to May 4 in 2004, affected the growth of crops in an area of
312823 hm2, and caused direct economic loss of 0.65 billion CNY
(about 0.1 billion U.S. dollars) (Yang et al., 2008).

Environmental changes have been detected in recent years on the
Loess Plateau. For example, runoff and sediment from the Loess Pla-
teau to the Yellow River have decreased significantly in recent de-
cades. Some studies reveal that climate changes play an important
role (Li et al., 2007; Li et al., 2009) as the annual precipitation de-
creases slightly while the mean annual temperature and pan evapora-
tion increase significantly (Xu et al., 2007). These previous studies
focused on the mean values can partially interpret the environmental
changes; however, as stated above, more attention should be paid on
extreme climate as they are the main reasons causing soil erosion and
agricultural disasters.

Our previous research shows that EPE on the Loess Plateau have
not changed significantly; however, ETE has significant change, for
example, hot-day threshold, cold-night threshold, and the longest
heatwave duration tend to increase while the number of frost days
decreases during 1961–2007 (Li et al., 2010). Under the background
of global change, how will the extreme climate events change in the
future? This is of great importance for the soil loss control and agri-
culture in this region. The objective of this study is to project the spa-
tial and temporal changes of extreme precipitation and temperature
events on the Loess Plateau during the 21st century.

2. Data and Methods

2.1. Data description

Ten extreme climate indices developed by Frich et al. (2002) and
subsequently adopted by the Intergovernmental Panel on Climate
Change (IPCC) are used to quantify the extreme climate events
(Table 1). Five indices are used to describe the frequency (CDD,
R10) and intensity (R5d, R95t and SDII) of EPE while the other five in-
dices are used to quantify the frequency (TN90 and FD) and intensity
(ETR, GSL and HWDI) of ETE. Extreme indices during 1961–2007 and
2011–2099 are both necessary for GCM statistical downscaling to
project potential changes in extreme climate.

Historical extreme indices during 1961–2007 are calculated using
daily data from 48 weather stations (Fig. 1) distributed evenly on the
Loess Plateau. The historical daily data include precipitation, maximum,
minimum andmean temperature, which are provided by ChinaMeteo-
rological Administration and have been carried out quality control.

Simulated extreme indices are provided by six GCMs (CNRM_CM3,
GFDL_CM2.1, INMCM3.0, IPSL_CM4, MIROC3.2_M and NCAR_PCM1)
on an annual basis from the CMIP3 (Coupled Model Intercomparison



Table 2
The GCMs and emission scenarios used in this study.

GCMs Country Resolution Data duration

20C3M A2 A1B B1

CNRM-CM3 France 128×64 T42 1860-1999 2000-2099 2000-2299 2000-2299
GFDL-CM2.1 USA 144×90 L24 1861-2000 2001-2100 2001-2300 2001-2300
INM-CM3.0 Russia 72×45 L21 1871-2000 2001-2200 2001-2200 2001-2200
IPSL-CM4 France 96×72 L19 1860-2000 2000-2100 2000-2230 2000-2300
MIROC3.2_M Japan 128×64 T42L20 1850-2000 2001-2100 2001-2100 2001-2100
NCAR-PCM USA 128×64 T42L26 1890-1999 2000-2099 2000-2099 2000-2099

Table 3
The projected changes of extreme precipitation indices averaged across six GCMs
under three emission scenarios during 2011-2099.

Period 1961-2007 2011-2040 2041-2070 2071-2099

Mean Mean Change Mean Change Mean Change

CDD, day 57.5 56.7 −0.8 55.4 −2.1 54.1 −3.5
R10, day 12.9 13.6 0.6 14.4 1.5 15.0 2.0
R5d, mm 73.2 79.2 6.0 84.5 11.3 89.7 16.4
R95t, % 25.8 27.6 1.8 28.5 2.6 29.9 4.0
SDII, mm/day 7.9 8.2 0.3 8.6 0.8 9.0 1.2
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Project phase 3) for both hindcasted and projected periods (Table 2).
These models are used because they provide detailed extreme indices
and some of them have been proved to perform well in simulating the
surface air temperature over China (Zhou and Yu, 2006; Xu et al.,
2009). To carry out statistical spatial downscaling, two kinds of emis-
sion scenarios are used, i.e. historical and future emission scenarios.
20C3M is a kind of historical emission scenario running with green-
house gasses increasing as observed through the 20th century, and it
will be used to develop regression equation with the historical data.
Three future emission scenarios, i.e. B1, A1B and A2, are selected to pro-
ject the climate changes under the low, middle and high emission rates
of greenhouse gases, in which CO2 concentrationwill be about 550, 700
and 850 ppm by 2100, respectively. The periods of 1961–1999 and
2011–2099 are used in this study, which will be described detailed in
the following parts.

As the ten extreme indices are provided by GCMs on an annual
basis, the observed indices are also calculated at annual time scales.
Therefore, the following operations such as developing transfer func-
tions and projecting future changes are all based on an annual time
scale.

2.2. Spatial downscaling

A simple transfer function developed through quartile plots is used
to spatially downscale GCMs gird outputs to target station. The quartile
plots, i.e. QQ-plots, pair the measured and GCMs-hindcasted annual ex-
treme indices by their ranks or corresponding quartiles. The best fitting
function to each plot is the transfer function. Two kinds of equations, i.e.
a simple univariate linear and a nonlinear function, are developed as
transfer functions between two sets of data for each extreme index dur-
ing 1961–1999. Theperiod 1961–1999 is selected because the simulated
periods of GCMs under 20C3M scenario are different, for example,
CNRM-CM3 andNCAR-PCMhindcast data to 1999while the simulations
of the other GCMs are up to 2000 (Table 2).

The transfer function is then applied to GCMs grid outputs for three
30-year time slices, i.e. 2020s (2011–2040), 2050s (2041–2070) and
2080s (2071–2099), to carry out spatial downscaling. The nonlinear
function is used to transform the GCMs indices that are within the
range inwhich the nonlinear function is fitted, while the linear function
is used for the values outside the range. The use of linear functions for
the out-of-range values is to generate conservative, first-order approx-
imations. The downscaled extreme indices are used to calculatemean of
the changed climate for the period. This procedure is repeated for each
extreme index at each station. Readers are referred to Zhang (2005) and
Li et al. (2011) for more detailed description of the method.

2.3. Spatial interpolation and temporal changes analysis

The Inverse DistanceWeighted (IDW) interpolation method is used
to generate the spatial distribution of the extreme indices. For the future
changes in spatial pattern, we focus mainly on the end of the 21st cen-
tury (2071–2099) for brevity, the differences between themean histor-
ical values during 1961–2007 and downscaled multi-model ensemble
mean for the ten indices during 2071–2099 are interpolated to show
the future changes.

As the spatial downscaling methods used in this study cannot gen-
erate time series of future extreme indices, the temporal changes of
future extreme indices are quantified by downscaledmulti-model en-
semble means of three 30-year time slices, i.e. 2020s, 2050s and
2080s. Independent one-sample t-test is used to quantify the signifi-
cance of future changes compared with present (1961–2007), and
the confidence level is 95%.

3. Results

3.1. Temporal changes of extreme precipitation indices during the 21st
century

Table 3 shows the ensemble mean of extreme precipitation indices
from six GCMs under three emission scenarios during 2020s, 2050s
and 2080s and their relative changes compared with 1961–2007. It is
easy to judge the change trend of each index, i.e. CDDwill keep decreas-
ing while the other four indices will increase during the 21st century.
The changemagnitude of each index increases over time, and the great-
est changes will occur during 2080s. A preliminary conclusion can be
drawn, i.e. EPE during the 21st century will possibly be more frequent
and intense and the changes at the end of the 21st century are a further
amplification of those at present and in the middle of the century (Li et
al., 2010).

3.2. Spatial variations in the changes of extreme precipitation indices

The spatial patterns of EPE in the 21st century will be similar as
the present (Li et al., 2010); however, spatial variations exist in the
projected changes during the 21st century. 2080s is only taken as
an example to interpret this aspect for brevity (Fig. 2). CDD will de-
crease in the northwest region with maxima of 18 days and the mag-
nitudes increase from southeast to northwest; meanwhile, CDD will
increase in the southeast region with maxima of five days. The
other four indices will all increase over the Loess Plateau; specifically,
R10, R5d, R95t and SDII will increase by 0.8-5.9 days, 5.8-29.7 mm,
1.6-9.2% and 0.5-1.7 mm/day, respectively. However, the greatest in-
crease in each index occurs in different region. R10 has the greatest
increase in the southwest and northeast region; R5d and SDII both



Fig. 2. Spatial patterns of changes in extreme precipitation indices during 2071–2099 compared with 1961–2007.
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increase pronounced in the east or southeast region; R95t increases
the most in northwest region. Overall, the projected changes tend to
increase or decrease the spatial variation in EPE. For example,
changes in CDD will lead to a more homogenous spatial pattern for
drought on the Loess Plateau in the future as CDD increase from
southeast to northwest at present (Li et al., 2010). However, changes
in R5d, R95t and SDII will increase their spatial variation as the spatial
patterns of projected changes are consistent with the present spatial

image of Fig.�2


Table 4
The projected changes of extreme temperature indices averaged across six GCMs under
three emission scenarios during the 21st century.

Period 1961-2007 2011-2040 2041-2070 2071-2099

Mean Mean Change Mean Change Mean Change

TN90, % 16 18 2 20 4 22 6
FD, days 149 139 −10 129 −20 120 −29
ETR, °C 56.5 56.5 0 55.8 −0.7 55.3 −1.2
GSL, days 221 230 9 238 17 245 24
HWDI, days 8 16 8 28 20 49 41
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distribution. Over all, the frequency and intensity of extreme precip-
itation events at the end of the 21st century will increase based on
present spatial distribution, and the greatest changes will possibly
occur in the southeast and northwest regions.
3.3. Temporal changes in the extreme temperature indices during the 21st
century

Compared with 1961–2007, TN90, GSL and HWDI will increase
while FD and ETR will decrease during the 21st century (Table 4),
which is consistent with the present change trend on the Loess Plateau
(Li et al., 2010) and other regions in the world (Alexander et al., 2006;
IPCC, 2007). The absolute change magnitudes of each index increase
with time, the change magnitudes during 2020s are the smallest
while those during 2080s are the biggest with the moderate value dur-
ing 2050s, which implies that the change trend of temperature-based
indices will be stable during the 21st century. During 2020s, averaged
across all GCMs, TN90, GSL and HWDI will increase by 2%, 9 days and
10 days, respectively; FD and ETR will decrease by 0.4 °C and 10 days,
respectively. The change magnitudes of TN90, FD, ETR and GSL during
2050s and 2080s are about twice or three times of those during
2020s, respectively. For example, TN90 and GSL will increase by 2%
and 8 days for each period and reach the increase magnitude of 6%
and 24 days at the end of the 21st century, respectively; FD and ETR
will decrease by 10 days and 0.5 °C for each 30 years and reduce
29 days and 1.6 °C at the end of the 21st century, respectively. However,
the change magnitudes of HWDI during the latter period are almost
twice of those during the former period. The increase magnitudes dur-
ing three periods are 10, 22 and 43 days, respectively. The great increase
speed ofHWDI implies that heatwave durationwill bemuch longer and
its impacts on natural system will be more serious in the future.
3.4. Spatial variations in the changes of extreme temperature indices

The mean projected changes in extreme temperature indices dur-
ing 2071–2099 are also interpolated as an example to interpret the
spatial variations (Fig. 3). Though wide ranges are detected in the
projected changes, one or two dominant change ranges for each ex-
treme temperature index cover most areas on the Loess Plateau.
One dominant change range is detected for TN90, ETR and GSL. For
example, the change ranges of TN90, ETR and GSL are 0.4 to 11.5%,
-11.7 to 6.8 °C and 7.5 to 60.4 days, respectively; however, 5 to 7%,
less than 2 °C and 20 to 30 days are the dominant change ranges for
them, respectively. For FD and HWDI, the situation is more complicat-
ed. Two dominant changes exist in FD, and FD will decrease by
20–30 days in the southeastern region while decrease by
30–40 days in the northwestern region. The increase of HWDI
shows a ring distribution and is incremental from the border to the
center, and the highest increase is 55–62 days. Though the dominant
changes are different for each index, extreme temperature events will
have the greatest changes over the north and southwest regions on
the Loess Plateau at the end of the 21st century.
4. Discussion

4.1. Multiple models and emission scenarios

Obvious uncertainties exist in future projection of extreme climate
indices among models or scenarios, and the uncertainties increase
when projecting extreme indices for a more distant future.

The projected change trend in extreme precipitation indices is
similar among different GCMs and ES, i.e. heavy rainfall will be
more frequent and intense while drought duration will be longer;
however, the change magnitudes and stations with significant
changes detected by T-test are quite different (Fig. 4). Changes in
CDD vary from −5.2 to 5.9 days during 2020s and from −9.7 to
1.7 days during 2080s. Most scenarios project CDD will decrease,
however, the stations with significant trend vary greatly for different
scenarios. For example, the numbers of stations with significant trend
during 2020s and 2050s are less than 10 for most scenarios, while the
numbers during 2080s are more than 10 for most scenarios. The var-
iations in change magnitude and numbers of stations with significant
trend for CDD are relatively conservative; however, larger variations
exist in the other indices. Taking R5d as an example, its changes
vary from 0.9 to 12.7 mm during 2020s and from 3.0 to 35.0 mm in
2080s; the numbers of stations with significant trend during 2020s
are all less than 20 while those during 2050s and 2080s both range
from 0 to 50.

As for the extreme temperature indices, the projected changes are
insensitive to GCM or emission scenarios for TN90, FD, ETR and GSL
(Table 5). The coefficients of variation are all less than 0.1 for GCMs
or emission scenarios during each period, which means the variation
is relatively low. However, HWDI is more sensitive to GCMs or emis-
sion scenarios as the coefficients of variation are all greater than 0.1
for the three periods. It should be noted that the variation of extreme
indices for GCMs or emission scenarios increases with time, the coef-
ficients of variation of extreme temperature indices during 2050s are
greater than those during 2020s, and the situation is similar for the
period of 2050s and 2080s. GCMs project more consistent results for
the near future while uncertainties increase with time. The coeffi-
cients of variation for projected extreme indices are less than those
in raw GCMs outputs, which implies that the downscaling method re-
duce the uncertainties due to multi-models effectively.

Overall, uncertainty in the projections due to multiple models and
emission scenarios is less for ETE than EPE characterized by smaller
coefficients of variation in ETE indices and a larger dispersion on the
EPE scatter plots (Fig. 4). For each extreme index, uncertainties in-
crease with time as shown by the increase in scatter in Fig. 4 and
the coefficient of variation in Table 5. It should be noted that uncer-
tainty due to GCMs is greater than that linked with emission scenar-
ios as the points of different emission scenarios from the same GCMs
are often staying together, and this is particularly obvious during
2080s (Fig. 4). IPSL projects the most changes while GFDL has the
least changes for most indices, and A2 projects the most changes
while B1 projects the least changes; therefore, any climate change
study based on only one GCMs or emission scenario should be
cautious.

4.2. The impacts of extreme climate events on environment

According to some researches, the soil loss reduction in recent
years on the Loess Plateau is mainly due to the increasing vegetation
cover and engineering measures (Li et al., 2007; Mu et al., 2007; Lin et
al., 2009). However, it should be noted that this is possibly only true
based on the fact that frequency and intensity of EPE change insignif-
icantly and even decrease (Li et al., 2010). As mentioned above, annu-
al soil losses on the Loess Plateau is only caused by several storms
(Zhou andWang, 1992), and intense heavy rainfall is the most impor-
tant reason for the soil erosion regardless of vegetation in many



Fig. 3. The spatial pattern of mean projected changes in extreme temperature indices during 2071–2099.
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regions (Xu, 2004). Therefore, the situation might be greatly different
if the present EPE have an opposite change trend. Therefore, the
change trend in EPE during the 21st century, i.e. to be more intense
and frequent, will possibly exacerbate the water and soil losses on
the Loess Plateau. Caution should be paid to these potential impacts
and countermeasures should be taken in advance.
5. Conclusion

Frequent and intense rainstorms are one of the most important
reasons for the severe soil losses while extreme temperature events
are the main sources of agricultural disasters on the Loess Plateau;
therefore, it is very important to project the future changes in the
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Fig. 4. Projected changes and numbers of stations with significant trend on the Loess Plateau in the 21st century using six GCM under three emission scenarios.
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Table 5
Projected extreme temperature indices during the 21st century for multi-GCMs and multi-emission scenarios.

2011-2040 2041-2070 2071-2099

TN90 FD ETR GSL HWDI TN90 FD ETR GSL HWDI TN90 FD ETR GSL HWDI
CNRM-CM3 18 138 56 231 21 20 129 54 239 31 22 119 52 250 49
GFDL-CM2.1 18 142 57 225 14 19 130 56 234 28 22 119 58 240 42
INM-CM3.0 18 138 59 230 16 19 132 58 236 19 21 125 57 244 28
IPSL-CM4 18 139 56 232 12 21 129 57 240 28 24 118 58 251 57
MIROC3.2_M 19 136 55 231 19 22 123 54 242 49 25 111 52 246 97
NCAR-PCM 18 139 56 231 13 19 133 56 236 17 21 128 55 241 20
C.V. 0.02 0.01 0.03 0.01 0.23 0.05 0.02 0.03 0.01 0.40 0.08 0.05 0.05 0.02 0.56
A1B 18 137 56 232 16 21 126 55 241 32 23 116 55 249 56
A2 18 140 57 227 14 20 129 56 236 29 24 115 55 249 59
B1 18 138 56 231 18 19 133 56 235 24 20 128 55 239 31
C.V. 0.01 0.01 0.01 0.01 0.12 0.04 0.03 0.01 0.01 0.15 0.08 0.06 0.00 0.02 0.32

C.V., Coefficients of Variation.
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extreme climate events in this region. Ten extreme climate indices
from six GCMs (CNRM-CM3, GFDL-CM2.1, INM-CM3.0, IPSL-CM4,
MIROC3.2_M and NCAR-PCM) under three emission scenarios (A1B,
A2, B1) are spatially downscaled to estimate the potential changes
of extreme precipitation and temperature events during the 21st cen-
tury. GCMs project that the present change trend of extreme climate
will continue during the 21st century, i.e. longer heatwave duration
and growing season length, less cold extremes, smaller annual ex-
treme temperature range, more frequent and intense precipitation,
and longer drought duration. The absolute change magnitudes of
each index increase with time, the changes during the 21st century
are a further amplification of those at present. Spatial variations
exist in the changes of extreme indices. Climate models suggest that
the greatest changes will occur in the southeast and northwest region
for extreme precipitation indices while in the north and southeast re-
gion for extreme temperature events at the end of the 21st century.
Extreme temperature indices have more consistent spatial patterns
than extreme precipitation indices. Overall, the projected changes in
extreme climate events will possibly bring some adverse impacts to
the soil losses and agriculture on the Loess Plateau, countermeasures
should be planned in advance.
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