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Abstract
As the earth’s third pole, Qinghai-Tibet Plateau belongs to 

one of the most sensitive regions to climate change in the world. 
Based on the observed and the simulated daily precipitation from 
the Coupled Model Intercomparison Project Phase 5 (CMIP5), we 
evaluated the simulation performance of daily precipitation from 
selected CMIP5 models from 1975 to 2005 over the Qinghai-Tibet 
Plateau. We found that daily precipitation exhibited obvious long-
range correlation characteristics using the detrended fluctuation 
analysis method. The scaling exponents of daily precipitation in 
summer and autumn are significantly larger than those in spring 
and winter. MIROC4H with the best performance can reproduce 
long-range correlation characteristic of daily precipitation series 
probably because of the higher resolution, which can capture small 
scale cloud convections. Besides there are seasonal differences 
in the simulation results among different regions of the Qinghai- 
Tibet Plateau, simulation effects of all climate models in summer 
and winter are better than those in spring and autumn. The perfor-
mance of MIROC4H model works the best in spring. Overall, the 
scaling exponents of daily precipitation from BCC-CSM1-1-M, 
CMCC-CM and MIROC4H are close to the observations. CCSM4 
and MIROC4H climate models could reproduce the internal 
dynamics characteristic of daily precipitation in autumn. But for 
winter, all climate models have exaggerated the scaling value in 
southeastern Qinghai-Tibet Plateau compared with the observed 
values. 

(Citation: Zhang, F., H. Ren, L. Miao, Y. Lei, and M. Duan, 
2019: Simulation of daily precipitation from CMIP5 in the Qinghai- 
Tibet Plateau. SOLA, 15, 67−73, doi:10.2151/sola.2019-014.)

1. Introduction

Climate system models are important tools for simulating 
and estimating climate change. The simulation results have been 
widely applied in hydrological, ecological, environmental and 
agricultural fields (Parry et al. 2004; Fowler et al. 2007; Jacob 
and Winner 2009). However, simulation results of climate models 
still have uncertainty due to the complexity of the climate system. 
Therefore, how to evaluate simulation performance of climate 
models objectively and quantitatively is of great scientific signif-
icance and practical value for future climate predictions (Masson 
and Knutti 2011). A large amount of research work has been done 
on the quantitative evaluation of performance of CMIP5 models, 
which has received considerable attention in recent year (Perkins 
et al. 2007; Chen et al. 2011; Song and Zhou 2014). 

Traditional assessment methods of climate models are mainly 
based on the differences of the mean, variance, trend and other 

aspects of simulation variables between simulated values and 
observed values. However, the climate system is a highly com-
plex, dissipative, and non-adiabatic nonlinear dynamical system, 
and the time series of meteorological elements are also nonstation-
ary. The mean, variance, and trend of these series are all changing 
over time. Therefore, traditional assessment methods of climate 
models have some shortcomings. It is noteworthy that, in recent 
years, results of nonlinear research have shown that changes in the 
climate system have self-memory. That is to say, past climate evo-
lution has a long-term effect on the future evolution of the climate 
system (Eichner et al. 2003; Monetti et al. 2003). This effect is 
the so-called “long-term memory” or “scale” in nonlinear science. 
Detrended fluctuation analysis (DFA), a non-linear method of 
scale analysis, can effectively filter out the strong trend compo-
nents caused by external forcing in the time series, and excavate 
the fluctuation components induced by the long-range correlation. 
Due to its advantages and applicability (Bashan et al. 2008), this 
method has been widely used in the meteorological field in recent 
years (Kantelhardt et al. 2006; Fraedrich et al. 2009; Zhu et al. 
2010; Bunde et al. 2013; Jiang et al. 2015; Yuan et al. 2015; He 
et al. 2016; Jiang et al. 2017). With the extensive usage of climate 
models, people begin to use the DFA method to assess merits of 
climate models by comparing the difference of scaling exponents 
between the simulated data of climate models and observed data 
(Govindan et al. 2002; Zhao and He 2015).

The Qinghai-Tibet Plateau, known as the third pole, has an 
average elevation of over 4,000 meters. Its precipitation changes 
have a significant impact on the economy and water resources of 
local and neighboring countries (Cui et al. 2007; Xu et al. 2008; 
Immerzeel et al. 2010). Previous studies have shown that changes 
in precipitation in the eastern part of the Qinghai-Tibet Plateau 
is mainly due to the oceanic water vapor caused by the Asian 
monsoon circulation, while the Asian monsoon circulation is 
regulated by El Niño Southern Oscillation (ENSO), Indian Ocean 
Dipole Mode (IOD) and North Altantic Oscillation (NAO) (Ashok, 
Guan and Yamagata 2001; Cherchi and Navarra 2013; Fasullo and 
Webster 2002; Liu et al. 2015; Liu et al. 2016; Liu and Yin 2001). 
In addition, climate change in the Qinghai-Tibet Plateau has been 
investigated based on the observational data analysis in earlier 
times. However, the observational data in the region is relatively 
scarce due to the limitations of natural conditions. In recent years, 
much more climate models have been applied to the study of 
climate change in the Qinghai-Tibet Plateau with the development 
of computer technology. Therefore, how to accurately simulate 
the precipitation characteristics of the Qinghai-Tibet Plateau is a 
persistent concern of domestic and foreign scholars. 

In this study, the DFA method is used to analyze the long-
range correlation behaviors of daily precipitation series over the 
Qinghai-Tibet Plateau, and the precipitation simulation capability 
of 9 global climate models over the Qinghai-Tibet Plateau is eval-
uated based on the intrinsic dynamics of precipitation. 
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(4) 	The fluctuation function in each segment is calculated.
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(5) 	The fluctuation function F(s) is obtained with the arithmetic 
mean of the fluctuation function in all segments.
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The fluctuation function F(s) changes with the window size s. 
In general, F(s) increases when the window size s increases. The 
fluctuation function F(s) and the window size s satisfy the power- 
law relationship F(s) ~ sα if the time series exhibits long-range cor-
relation characteristic. The slope of the double logarithmic curve 
for F(s) and s represents the scaling exponent of time series. If  
0.5 < α < 1 (0 < α < 0.5), the time series exhibits a positive 
(negative) long-range correlation characteristic. If α = 0.5, the 
time series is uncorrelated. In addition, the long-range correlation 
characteristic of a given climate variability can be quantitatively 
described by using the DFA method. However, there will be some 
uncertainties due to the length of the observed data. In 2015, Zhao 
and He produced 20000 artificial series with the given scaling 
exponents by Fourier Filtering in order to test the uncertainties 
of DFA method. Results of the artificial series indicate that the 
uncertainties of DFA method range from −0.05 to 0.05 for the 
precipitation series (Zhao and He 2015). For convenience, this 
article defines the deviation ranging from −0.05 to 0.05 as the 0.1 
significant test level of precipitation series over the Qinghai-Tibet 
Plateau.

3. Results 

3.1 Evaluation of simulations for precipitation series
Surface precipitation is one of the most important and essential 

meteorological elements as well as the climate change indicator 
of most concern (Huang et al. 2018). Previous studies have shown 
that the evolution of global precipitation exhibits a long-range 
correlation characteristic (Zhao and He 2015; Jiang et al. 2017). 
Considering the complex effects of the Asian monsoon system and 
the terrain of the Qinghai-Tibet Plateau(between 25°N−40°N and 
75°E−105°E), does precipitation over the Qinghai-Tibet Plateau 
also have long-range correlation characteristic? And if it has, can 
the existing global climate models reproduce the long-range cor-
relation characteristic? In this paper, the DFA technique is applied 
to evaluate simulated precipitation on the Qinghai-Tibet Plateau 
from 1975 to 2005. Figure 1 shows the time series of the average 
precipitation over the Qinghai-Tibet Plateau by double logarithmic 

2. Data and study method

2.1 Data
The precipitation data from the China Meteorological Admin-

istration are used to evaluate precipitation simulation derived from 
climate models. It was from the interpolation of the daily observa-
tional records of 2416 Chinese meteorological stations with 0.5 × 
0.5 horizontal resolution. The data cover daily data from 1975 to 
2005. Table 1 shows details of 9 CMIP5 models adopted for long-
term experiment in this study. A detailed description of this exper-
iment was given by Taylor et al. (2012) (Taylor et al. 2012). Daily 
precipitation data obtained from the historical experiment from 
1975 to 2005 are used in this study. For convenient quantitative 
evaluation of the difference in long-range correlation characteris-
tic between observed data and simulated data, scaling exponents 
from climate models are interpolated to the grid data with 0.5 × 0.5 
horizontal resolution using a bilinear interpolation method.

2.2 The DFA methodology
Detrend fluctuation analysis (DFA) method (Peng et al. 1994) 

is the revision and perfection of the traditional fluctuation analysis 
technique and the rescaled range analysis (Hurst 1951) based on 
the random walk theory. A brief description of some of the steps 
of DFA is given as follows:
(1) 	The cumulative deviation series { y ( j ), j = 1, 2, …, N } of the 

original time series (with annual cycle removed) {x (i ), i = 
1, 2, …, N } is calculated:

y j x i j N
i

i j

( ) ( ) ( , , , )= =
=

=
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1

1 2 ι	 (1)

where and Δ x (i ) = x (i ) - áxñ and áxñ is the mean of raw time 
series {x (i ), i = 1, 2, …, N }.

(2) 	The cumulative deviation series is divided into m windows 
by equal length s, where s is the interval length, i.e. the time 
scale; m is the number of windows with an integer part of N/s. 
In order to make full use of the data left over from the tail, the 
cumulative deviation series is re-divided from the back. Then 
we will get 2m windows v = 1, 2, …, 2m and the time series of 
each window is recorded as z (v, j ).

(3) 	The local trend p (v, j ) in each segment is obtained with the 
least squares method. In this paper, we use 2-order polyno-
mial, i.e. DFA2 (Bunde et al. 2000; Kantelhardt et al. 2001). 
Then the local trend is subtracted in each window.

Q (v, j ) = z (v, j ) - p (v, j )
          (v = 1, 2, …, m; j = 1, 2, …, s)	 (2)
R (v, j ) = z (v, j ) - p (v, j )
          (v = m + 1, m + 2, …, 2m; j = 1, 2, …, s)	 (3)

Among them, Q (v, j ) and R (v, j ) represent dividing the data 
into windows from front to back and from back to front, 
respectively.

Table 1. Information of 9 CMIP5 climate models (The unit of spatial resolution: longitudinal grid points × latitudinal grid points).

Model Name Institute (Country) Grid points
(Longitude × Latitude)

ACCESS1-3 Commonwealth Scientific and Industrial Research Organisation (Australia) 192 × 145
BCC-CSM1-1-m Beijing Climate Center, China Meteorological Administration (China) 320 × 160
CCSM4 National Center for Atmospheric Research (USA) 288 × 192
CESM1-CAM5 National Science Foundation, Department of Energy, National Center for Atmospheric Research 288 × 192
CMCC-CM Centro Euro-Mediterraneo per I CambiamentiClimatici (Italy) 480 × 240
CNRM-CM5 Centre National de RecherchesMeteorologiques/Centre Europeen de Recherche et Formation

Avancees en CalculScientifique (France)
256 × 128

EC-EARTH EC-EARTH consortium 320 × 160
MIROC4h Atmosphere and Ocean Research Institute (The University of Tokyo), National Institute for Environmental 

Studies, and Japan Agency for Marine-Earth Science and Technology (Japan)
640 × 320

MRI-CGCM3 Meteorological Research Institute (Japan) 320 × 160
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curve of the fluctuation function. Through linear fitting, we found 
that the annual precipitation in the Qinghai-Tibet Plateau exhibit 
relatively weak long-range correlation characteristic with scaling 
exponents of 0.58. And the scaling exponents for precipitation 
in four seasons are 0.52, 0.59, 0.60 and 0.55, respectively. More 
obvious long-range correlation characteristic is showed in summer 
and autumn, but the scaling exponents are close to 0.5 in spring 
and winter, thus showing uncorrelation.

Then we evaluated the simulation performance of precipita-
tion by calculating the difference of scaling exponents between 
simulated data and observed data. Figure 2 shows the results of 
the DFA based on the 9 CMIP5 models. Interestingly, the simu-
lated scaling exponents of all climate models are larger than those 
of observations. The scaling exponents simulated by ACCESS1-3, 
CCSM4, CESM1-CAM5 and MIROC4H are 0.61, 0.60, 0.61 and 
0.59, respectively, which pass the 90% significance test. It means 
that the four global climate models (e.g., ACCESS1-3, CCSM4, 
CESM1-CAM5 and MIROC4H) can reproduce the intrinsic 
variation characteristics of regional average precipitation in the  
Qinghai-Tibet Plateau. In addition, simulation results of all models 
are close to observations, and there are 7, 6 and 4 climate models 
passing the 90% significance test in summer, autumn and winter, 
respectively. It is further revealed that the long-range correlation 
characteristic of regional mean precipitation over the Qinghai- 
Tibet Plateau can be better simulated in summer, autumn and 
winter by all climate models. However, in spring the simulated 
scaling exponent is significantly larger and there are no models 

passing the significance test. In addition, simulation result of the 
EC-EARTH climate model is the worst among all climate models 
since it doesn’t pass the 90% significance test for all four seasons.

3.2 Spatial evaluation in precipitation simulations
Figure 3 shows the spatial distribution of scaling exponents 

of the precipitation series for observation (a) and simulation (b−j)  
over the Qinghai-Tibet Plateau. Figure 3a indicates that scaling 
exponents of precipitation show a decreasing trend from the 
southern part to the northern part of Qinghai-Tibet Plateau. Scal-
ing exponents of precipitation on the northeastern Qinghai-Tibet 
Plateau are between 0.48 and 0.52, indicating that the precipita-
tion is uncorrelated; in the southern Qinghai-Tibet Plateau scaling 
exponents of precipitation are more than 0.55, thus exhibiting 
a weak long-range correlation characteristic. This distribution 
feature is closely related to the climatic conditions of the Qinghai- 
Tibet Plateau. Precipitation over the south Qinghai-Tibet Plateau 
is mainly due to the oceanic water vapor caused by the southwest 
monsoon, while precipitation in the north part is mainly attributed 
to the re-evaporation of surface water, which is produced by the 
inland circulation system. Compared with the observations, simu-
lated scaling exponents of all climate models are close to those of 
the observation in the central and eastern Qinghai-Tibet Plateau, 
and are significantly larger in the western part. CNRM-CM5, EC- 
EARTH and MRI-CGCM3 climate models have the worst simu-
lation results (less than 40% of the grid pass the 90% significance 
test), with simulation errors being greater than 0.1 for the middle 
and eastern Qinghai-Tibet Plateau.

To quantitatively evaluate the seasonal variation of spatial 
distribution of scaling exponents over the Qinghai-Tibet Plateau, 
the DFA method is applied to simulation the precipitation in four 
seasons. The analysis results are shown from Fig. 4 to Fig. 5, and 
details of errors between observation and simulation are shown 

(b)

(e)(d)

(c)

α = 0.52 α = 0.59

α = 0.60 α = 0.55

α = 0.58

(a) Annual

DJFSON

JJAMAM

（b）

（d）

（c）

（e）

（a） Annual

DJFSON

JJAMAM

Fig. 1. The DFA analysis result for annual (a) and four seasons (b−e)  
regional mean precipitation in the Qinghai-Tibet Plateau from 1975 to 
2005, the red solid point represents the obtained fluctuation function; the 
black dashed line represents the linear fitting line of the red solid point, 
and the slope can be a good index for long-range correlation characteristic 
on this time scale).

Fig. 2. The DFA2 analysis results of 9 climate models for the annual (a)
and four seasons (b−e) regional mean precipitation in the Qinghai-Tibet 
Plateau. The blue solid line represents the scaling exponent in observation 
data while the blue dashed line is the 90% confidence level. The red point 
indicates that the simulation result passes the 90% significance test.
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in Table 2. In spring (Fig. 4a), scaling exponents of precipitation 
series over the Qinghai-Tibet Plateau are evenly distributed and 
mainly concentrated in 0.54−0.62, showing obvious long-range 
correlation characteristic. Compared with the observation, scaling 
exponents of ACCESS1-3, CMCC-CM and CNRM-CM5 climate 
models are signifi cantly larger in the western part of the Qinghai-
Tibet Plateau, and only 35%, 40% and 26% of the grid pass the 
90% signifi cance test, respectively. The MIROC4H climate model 
has the best simulation effect with 63% of the grid passing the 
signifi cance test, indicating that it can reproduce the long-range 
correlation characteristic of precipitation series over the central 
Qinghai-Tibet Plateau (Fig. 5(1−9)). This is probably because of 

the higher resolution of the model, which can capture small scale 
cloud convections. In summer (Fig. 4b), scaling exponents of 
precipitation are close to 0.5 in the northeast and southwest of the 
Qinghai-Tibet Plateau, showing uncorrelation. Scaling exponents 
are between 0.58 and 0.62 on the central Qinghai-Tibet Plateau, 
demonstrating long-range correlation characteristic and indicating 
strong correlation. The simulated scaling exponents of BCC-
CSM1-1-M, CMCC-CM and MIROC4H climate models are close 
to those of observations, and 65%, 62% and 60% of the grid pass 
the signifi cance test, respectively. The simulated scaling exponents 
of CESM1-CAM5, CNRM-CM5, EC-EARTH, and MRI-CGCM3 
climate models are signifi cantly larger in the western part of the 

Fig. 3. The spatial distribution of scaling exponents for observation and simulation of annual regional mean precipitation in the Qinghai-Tibet Plateau. 
(a) Observation; (b−j) simulation minus observation. The black dot indicates that the simulation passes the 90% signifi cance test. 

Fig. 4. The spatial distribution of scaling exponents for observation in four seasons.(a) Spring; (b) Summer; (c) Autumn; (d) Winter.

(a) Observation

(a) MAM (b) JJA

(c) SON (d) DJF
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Qinghai-Tibet Plateau (Fig. 5(10−18)). In autumn (Fig. 4c), scaling  
exponents of the precipitation series in the eastern part of the 
Qinghai-Tibet Plateau are between 0.48 and 0.52, showing uncor-
relation, while those in the western region are between 0.56 and 
0.62, exhibiting long-range correlation characteristic and strong 
correlation. Compared with the observation, the CCSM4 and 
MIROC4H climate models can simulate the internal dynamics 
characteristic of precipitation over the Qinghai-Tibet Plateau, with 
67% of the grid of both models passing the 90% significance test. 
Scaling exponents of the ACCESS1-3 climate model are larger 
in the southwest of the Qinghai-Tibet Plateau (Fig. 5(19−27)). In 
winter (Fig. 4d), precipitation series in most parts of the Qinghai- 
Tibet Plateau show strong uncorrelation, and the scaling expo-
nents are close to 0.5; scaling exponents of the southeastern region 
are between 0.62 and 0.68, showing correlation. The simulation 
results indicate that simulated scaling exponents of all climate 
models are larger than those of observations over the southeast 
Qinghai-Tibet Plateau. In addition, simulation results of the 
CNRM-CM5 and EC-EARTH climate models are the worst (only 
28% and 23% of the grid points pass the significance test respec-
tively), and the simulation errors are above 0.14 in the middle of 
the Qinghai-Tibet Plateau (Fig. 5(28−36)).

4. Discussion

Previous studies demonstrate that climate models have poor 
performance in simulating precipitation over the Qinghai-Tibet 
Plateau. Although most climate models are able to reasonably 
reproduce the spatial pattern of annual precipitation increasing 
from northwest to southeast, all of them tend to overestimate the 
precipitation in climatological annual and seasonal means (Su 
et al. 2013; Hu et al. 2014). In this study, we evaluate the perfor-
mance of 9 climate models used in CMIP5 in simulating the long-
range correlation characteristics for precipitation over the Qinghai- 
Tibet Plateau. Simulation results reveal that climate models have 
better performance in simulating the long-range correlation char-
acteristics for precipitation in the middle and eastern part of the 
Qinghai-Tibet Plateau than the western region. For errors between 
simulation and observation in the eastern part of the Qinghai-Tibet 
Plateau, on the one hand, long-term climate change characteristics 
can be simulated on the global and hemispheric scale but the dra-
matic changes of climatic factors cannot be captured due to low 

spatial resolution (110 km) of the climate models. There are few 
descriptions of complex local terrain conditions and microphys-
ical processes. On the other hand, it is possible that the climate 
models focus on the long-term changes caused by external forcing 
(greenhouse gases, aerosols, solar constants, etc.) of the historical 
climate, and don’t pay enough attention to the interannual and 
interdecadal natural variability within the climate system (ENSO, 
IOD, and NAO). For the difference between simulation and obser-
vation over the western Qinghai-Tibet Plateau, one explanation is 
that precipitation in the climate model is calculated by the micro-
physics and cumulus convective parameterization schemes. So we 
suggest the errors between observation and simulation probably 
induced by the improper microphysics and cumulus convective 
parameterization schemes due to the complex terrain over the 
Qinghai-Tibet Plateau. Besides, since meteorological stations are 
sparse due to the complex terrain of the western Qinghai-Tibet 
Plateau, there is a certain amount of errors in the observed data. 
Therefore, the difference of scale behaviors between observed 
data and simulated data mainly reflects the internal problems of 
the models, such as defects in the microphysics parameterization, 
insufficient resolution of the models or lack of perfect terrain 
processing. Analysis of these error characteristics can help to 
better understand the development and limitations of the models 
and further improve the climate models’ simulation capability for 
precipitation over the Qinghai-Tibet Plateau.

5. Conclusion 

As the earth’s third pole, Qinghai-Tibet Plateau belongs to one 
of the most sensitive regions to climate change in the world. In 
this paper, the DFA method is used to analyze the long-term cor-
relation of daily precipitation series over the Qinghai-Tibet Pla-
teau based on observed and the simulated daily precipitation from 
the CMIP5. The major conclusions are summarized as follows.
(1)	 The precipitation time series (regional average) over the 

Qinghai-Tibet Plateau exhibit relatively weak long-range cor-
relation characteristic with scaling exponents of 0.58. And the  
scaling exponents show a decreasing trend from the south to 
the north Qinghai-Tibet Plateau.

(2)	 Simulation results reveal that the scaling exponents of precip-
itation of all climate models are close to those of observations 
in the middle and eastern part of the Qinghai-Tibet Plateau 

Table 2. The simulation errors between each climate model and observation in spatial distribution in four seasons.

Model
Spring Summer

Δα > 0.05 −0.05 < Δα < 0.05 Δα < −0.05 Δα > 0.05 −0.05 < Δα < 0.05 Δα < −0.05

ACCESS1-3
BCC-CSM1-1-m
CCSM4
CESM1-CAM5
CMCC-CM
CNRM-CM5
EC-EARTH
MIROC4h
MRI-CGCM3

61%
52%
51%
45%
59%
73%
43%
26%
52%

35%
45%
44%
52%
40%
26%
48%
63%
44%

4%
3%
5%
3%
1%
1%
9%

11%
4%

38%
22%
28%
37%
30%
52%
57%
21%
67%

58%
65%
47%
50%
62%
44%
37%
60%
32%

  4%
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Fig. 5. The spatial distribution of scaling exponents for simulation of precipitation in the Qinghai-Tibet Plateau in four seasons. (1−9) Spring; (10−18) 
Summer; (19−27) Autumn; (28−36) Winter. The black dot indicates that the simulation passes the 90% signifi cance test.
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and significantly larger in the western region. 
(3)	 There are seasonal differences in the simulation results among 

different regions of the Qinghai-Tibet Plateau, simulation 
effects of all climate models in summer and winter are 
better than those in spring and autumn. The performance of  
MIROC4H model works the best in spring. In summary, the 
scaling exponents of daily precipitation from BCC-CSM1- 
1-M, CMCC-CM and MIROC4H are close to the observa-
tions. CCSM4 and MIROC4H climate models could repro-
duce the internal dynamics characteristic of daily precipitation 
in autumn. But for winter, all climate models have exagger-
ated the scaling value in southeastern Qinghai-Tibet Plateau 
compared with the observed values.
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