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Evaluation of spatial-temporal dynamics in surface water 
temperature of Qinghai Lake from 2001 to 2010 by using 
MODIS data 

Fei XIAO∗, Feng LING, Yun DU, Qi FENG, Yi YAN, Hui CHEN 

Institute of Geodesy and Geophysics, Chinese Academy of Sciences, Wuhan 430077, China 

Abstract: Lake surface water temperature (SWT) is an important indicator of lake state relative to its water 
chemistry and aquatic ecosystem, in addition to being an important regional climate indicator. However, few litera-
tures involving spatial-temporal changes of lake SWT in the Qinghai-Tibet Plateau, including Qinghai Lake, are 
available. Our objective is to study the spatial-temporal changes in SWT of Qinghai Lake from 2001 to 2010, using 
Moderate-resolution Imaging Spectroradiometer (MODIS) data. Based on each pixel, we calculated the temporal 
SWT variations and long-term trends, compared the spatial patterns of annual average SWT in different years, and 
mapped and analyzed the seasonal cycles of the spatial patterns of SWT. The results revealed that the differences 
between the average daily SWT and air temperature during the temperature decreasing phase were relatively lar-
ger than those during the temperature increasing phase. The increasing rate of the annual average SWT during the 
study period was about 0.01°C/a, followed by an increasing rate of about 0.05°C/a in annual average air tempera-
ture. The annual average SWT from 2001 to 2010 showed similar spatial patterns, while the SWT spatial changes 
from January to December demonstrated an interesting seasonal reversion pattern. The high-temperature area 
transformed stepwise from the south to the north regions and then back to the south region from January to De-
cember, whereas the low-temperature area demonstrated a reversed annual cyclical trace. The spatial-temporal 
patterns of SWTs were shaped by the topography of the lake basin and the distribution of drainages. 
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Lake surface water temperature (SWT) indicates the 
temperature of an extremely thin layer in the lake sur-
face (Becker and Daw, 2005). It is an important indi-
cator of lake state and exerts a strong influence on 
water chemistry and aquatic ecosystem (Arnell et al., 
1996; Trumpickas et al., 2009). At the same time, lake 
SWT has a driving effect on the regional weather and 
climate in the surrounding areas of large lakes (Liv-
ingstone, 2003). Therefore, lake SWT is also an en-
ergy balance indicator in studying the interactions and 
energy fluxes between the atmosphere and the lake 
(Alcântara et al., 2010). Traditionally, lake SWT data 

are collected from in situ measurements. However, in 
situ measurement data are often spatially sparse, and 
very few in situ measurements are available at suitable 
locations and time (Trumpickas et al., 2009). Addi-
tionally, in situ measurements are expensive and time 
consuming (Alcântara et al., 2010). Water temperature 
data with better spatial and temporal resolutions are 
needed in many applications, such as climate change 
monitoring, studies on hydrological cycle, aquatic 
organism habitat, fishery and aquaculture, and wa-
ter-quality management (Ekercin and Örmeci, 2010; 
Rani et al., 2011).  
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In recent decades, satellite observations have pro-
vided an attractive method of monitoring SWT at fine 
spatial and temporal scales. However, most studies 
concentrated on sea SWT. Well-established practices 
of sea SWT monitoring have been widely carried out 
in oceanography (Barton and Prata, 1995; Emery and 
Yu, 1997; Parkinson, 2003). Recently, space-based 
thermal data have been increasingly used to monitor 
the surface temperature of inland water bodies, in-
cluding lakes (Bussières and Schertzer, 2004; Plattner 
et al., 2006; Reinart and Reinhold, 2008) and streams 
(Torgersen et al., 2001; Handcock et al., 2006; Hook 
et al., 2007). The data used in SWT monitoring range 
from microwave to thermal infrared images with dif-
ferent spatial, temporal, and radiometric resolutions, 
such as Scanning Multichannel Microwave Radiome-
ter (SMMR) and Special Sensor Microwave/Imager 
(SSM/I) (Fily et al., 2003), Advanced Very High 
Resolution Radiometer (AVHRR) (Wooster et al., 
2001; Chavula et al., 2009), Along Track Scanning 
Radiometer (ATSR) (Schneider et al., 2009), Landsat 
(Wloczyk et al., 2006), Moderate-resolution Imaging 
Spectroradiometer (MODIS) (Reinart and Reinhold, 
2008), and infrared videography (Li et al., 2000). Due 
to their high temporal resolution, large spectral range, 
and high radiometric sensitivity, MODIS products 
have attracted increasing interests in lake temperature 
studies in recent years. Many studies showed that the 
MODIS thermal bands can successfully measure 
inland SWT with considerable accuracy (Hook et al., 
2007; Reinart and Reinhold, 2008; Schneider et al., 
2009; Alcântara et al., 2010).  

Qinghai-Tibet Plateau has been suggested to be sus-
ceptible to future climate change (Sha et al., 2002; 
Zheng et al., 2002; Zhao et al., 2004; Wu et al., 2005; 
Zhu and Chang, 2011). Qinghai Lake, located in the 
northeast of the Qinghai-Tibet Plateau, is the largest 
inland saltwater lake in China. Owing to its high alti-
tude, closed catchment, and low-intensity human activi-
ties, Qinghai Lake is, to some extent, an ideal location 
to directly study the environmental effects of climate 
change. However, in situ observation data of Qinghai 
Lake are very scarce, and obtaining spatial variety of 
SWT changes in large surface areas using limited in 
situ data is also very difficult. To our knowledge, few 

literatures involving spatial-temporal changes of lake 
SWT in the Qinghai-Tibet Plateau, including Qinghai 
Lake, are available. The objectives of this paper are to 
study the seasonal and inter-annual fluctuations of SWT 
in Qinghai Lake, analyze its responses to climate 
change, and map the spatial pattern changes of SWT 
using MODIS time-series data from 2001 to 2010. 

1  Study area 

Qinghai Lake is an inland saltwater lake at 36°33'– 
37°14'N and 99°37'–100°45'E (Fig. 1). It is the largest 
saline lake in China with a closed catchment (Wang et 
al., 2011). The drainage area of Qinghai Lake is ap-
proximately 29,600 km2, and the lake area is about 
4,300 km2. The water surface altitude is roughly 
3,193.6 m, and the average depth of the lake is 21 m. 
At the aforementioned water level, the lake storage is 
approximately 73.8×109 m3. Two small islands are 
located in the Qinghai Lake, namely, Haixinshan and 
Sankuaishi. The area of Haixinshan is approximately 
1.0 km2, whereas that of Sankuaishi is only 0.05 km2. 
Located in a semi-arid zone of Northwest China, the 
average annual precipitation of Qinghai Lake is ap-
proximately 350 mm based on the recent 50-year re-
cord. Qinghai Lake is also an inland wetland included 
in the Ramsar Convention List of Wetlands of Interna-
tional Importance. In addition to its great importance 
in the conservation of biodiversity and hydro-ecolo-
gical functions, Qinghai Lake is very sensitive to 
global changes. Since the beginning of record keeping 
in 1959, the water level of Qinghai Lake has dropped 
by over 3.4 m, whereas the salinity has increased by 
2.05 g/L (Liu et al., 2009).  

2  Materials 

In this study, MODIS thermal-infrared imagery on 
board the Earth Observing System Terra platform was 
employed to analyze the spatial and temporal varia-
tions of SWT in Qinghai Lake. According to classifi-
cation-based emissivity estimation, thermal-infrared 
bands 31 and 32 (11.0–12.0 µm) were proven to have 
high emissivities and relatively stable average emis-
sivities within 0.01 for many land cover types, in-
cluding lake surfaces (Wan and Dozier, 1996;  
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Fig. 1  Location of Qinghai Lake in China 

Wan, 1999). These two thermal-infrared channels 
were used to generate MODIS Land Surface Tem-
perature (LST) Level 2, a 1-km spatial resolution at 
nadir product (MOD11_L2), by employing a general-
ized split-window algorithm (Wan and Dozier, 1996). 
Based on MOD11_L2, a daily Level 3 LST product at 
nominal 1-km spatial resolution (MOD11A1) was 
constructed by gridding the MOD11_L2 LST swath 
files into a sinusoidal projection. We adopted the V5 
MOD11A1 product in this paper. Under clear-sky 
conditions, the accuracy specification of MODIS LST 
is 1 K in most cases, and an absolute accuracy of 0.5 
K for calm lake water can be achieved after calibra-
tion using accurate ground measurements (Wan et al., 
2002, 2004; Wang, 2008). Many studies have vali-
dated the accuracy of MODIS LST products in differ-
ent lakes. The absolute differences between the 
MODIS products and in situ temperatures in Lake 
Geneva and Lake Constance were observed to range 
from 0.8 to 1.9 K (Oesch et al., 2005), while the dif-
ferences were approximately 0.41 K for Lakes Vänern 
and Vättern (Reinart and Reinhold, 2008) and less 
than 0.1 K for Lake Tahoe (Schneider et al., 2009). 

Crosman and Horel (2009) observed a cool bias of 
–1.5 K for MODIS-derived SWT in the Great Salt 
Lake. 

In this paper, we validated the MODIS-derived 
SWT of Qinghai Lake using in situ SWT data ob-
tained from the Hydrology and Water Resources Sur-
vey Bureau of Qinghai Province. The SWT observa-
tion site was located in the southeast of the lake and 
named Xiashe (Fig. 1). The in situ observation time 
was near the satellite passing time, approximately 
10:30 a.m. local solar time.  

Relationship between air temperature and water 
temperature has been noticed and some efforts have 
been made to predict the water temperature using air 
temperature data (Kothandaraman and Evans, 1972; 
Cho and Lee, 2012). In this paper, we compared the 
MODIS-derived SWT of Qinghai Lake with air tem-
perature data observed by Gangcha weather station. 
Gangcha weather station is located to the north of 
Qinghai Lake, and is the nearest weather station with a 
distance of 10 km away from the lakeshore (Fig. 1). 
The elevation of the Gangcha weather station is 
3,301.5 m, which is about 102 m higher than the water 
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surface of Qinghai Lake. Air temperature was ob-
served four times during one day in the weather sta-
tion, at 02:00 a.m., 08:00 a.m., 14:00 p.m., and 20:00 
p.m., respectively. However, the released data were 
only the averaged values of the observations. There 
was desynchrony in the observation time between the 
MODIS data and the daily mean temperature obtained 
from the weather station.  

3  Methods 

In this paper, the V5 MOD11A1 LST product was 
obtained from the NASA Land Processes Distributed 
Active Archive Center. The time when MODIS passes 
over Qinghai Lake is approximately at 10:30 a.m. lo-
cal solar time. All available MODIS Terra images 
from 2001 to 2010 were used. Subsequently, LST spa-
tially adjacent images were mosaicked using MODIS 
Reprojection Tool, and the areas that cover the entire 
Qinghai Lake were extracted. In addition, daily day-
time 1-km grid LST (LST_Day_1 km) and quality 
control for daytime LST (QC_Day) data sets of the V5 
MOD11A1 LST product were remapped to the Albers 
equal-area projection and converted from the input 
HDF-EOS to GeoTIFF format. Afterwards, the water 
body area was extracted from the MOD11A1 LST 
images using the shoreline interpreted from Landsat 
ETM+ imagery captured on 9 September 2005. Con-
sidering water fluctuation and the consequent 
sub-pixel interference in LST, we eliminated LST im-
agery pixels within a 2-km buffer area of the shoreline. 
Considering the islet areas and their effects on SWT, 
we removed the Haixinshan buffer area during the 
data processing.  

For the removal of cloud-contaminated pixels and 
other questionable pixels coming from sources other 
than clouds, such as emissivity error and poor input 
data, items that included mandatory quality assurance, 
data quality, cloud, and LST quality flags in the 
QC_Day scientific data sets were adopted to evaluate 
pixel availability of all LST images. Pixels that had an 
average emissivity error greater than 0.02 or an aver-
age LST error greater than 2 K were eliminated. 
Thereafter, the spatial and temporal variations of an-
nual and inter-annual SWT changes in Qinghai Lake 

were analyzed. The data-quality evaluation processing 
and the subsequent data statistics were completed us-
ing algorithms developed in MATLAB software. The 
spatial-temporal analysis employed the advantage of 
the ArcGIS software. 

The average daily SWT of the entire Qinghai Lake 
was then calculated from the MOD11A1 LST data. 
After elimination of the questionable pixels, large 
amounts of null-value pixels were found in the LST 
dataset. For some days from 2001 to 2010, no avail-
able pixel or very limited valuable pixels were found 
in the whole lake area. Data discontinuity has been a 
known problem that often affects the result of data 
statistics. In this paper, the daily SWT of Qinghai 
Lake was calculated by averaging all available pixels 
in the lake area first. With regard to days when usable 
pixels in the whole region were unavailable, the daily 
SWT were deduced by linear interpolation method 
using data before and after these days to fill the data 
gaps.  

Air temperature has been identified as an important 
factor influencing water temperature as heat transfor-
mation between water and air occurs at their contact 
interface (Alcântara et al., 2010). Therefore, compari-
son of the air temperature time series and the SWT 
would indicate the Qinghai Lake SWT responses to 
fluctuation in air temperature during the MODIS 
passing time. Observation data from Gangcha weather 
station from 2001 to 2010 were used in this paper. The 
relationships between air temperature and SWT during 
different periods were analyzed. Subsequently, the 
monthly average SWT and air temperature were cal-
culated. Then, the annual average SWT and air tem-
perature were also calculated and compared.  

Seasonal SWT cycles were indicated by the 10-year 
average daily temperature values. Then, the time with 
the coldest and warmest water was determined, and 
the average time of freeze-up and break-up dates of 
Qinghai Lake was investigated using the MOD11A1 
LST data. Thereafter, SWT inter-annual variability 
and its long-term trends were tested and analyzed us-
ing the average SWT time series over each month and 
year. Linear regression method was applied to deter-
mine the SWT trends.  

The SWT spatial differences were analyzed under 
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different time scales. Some data gaps existed in the 
SWT data time series for each pixel resulting from the 
elimination of questionable pixels during data proc-
essing and the pixels not produced in the LST data. In 
this paper, the missing data of each pixel were also 
replaced by interpolated values. Monthly and annual 
average SWTs were calculated based on each pixel in 
the entire lake area. The spatial patterns of average 
SWT of Qinghai Lake in different years were then 
compared. Thereafter, the seasonal cycles of SWT 
spatial patterns were mapped and analyzed.  

4  Results and discussion 

4.1  Differences between MODIS-derived SWT 
and in situ observations of SWT   

The in situ daily SWT data were measured at the 
depth of 0.5 m below water surface in July 2010 and 
July 2011. Although the SWT data of 2011 is not in 
the period of this study, it was still used here consid-
ering the sparseness of validation data. After the re-
moval of the days with no available MODIS-derived 
SWT data in the observation site, there were 35 days 
remained for the data validation. The MODIS-derived 
SWT data are plotted against in situ observed SWT in 
Fig. 2. The Root-Mean-Square Deviation (RMSD) 
between MODIS-derived SWT and in situ observa-
tions of SWT was 1.46°C. Linear relationship between 
MODIS-derived SWT and in situ measured SWT can 
be observed from the figure, and the adjusted 
R-square was 0.526. Bias between the satellite obser-

vations and in situ data was about 0.19°C during the 
observation period. Although the sparseness of vali-
dation data and the differences in the observation 
depth and range between the satellite and in situ 
measurement may bring some deviations to the data 
validation, the MODIS-derived SWT still showed its 
applicability in estimating the thermodynamical fea-
tures of the lake. 

 
Fig. 2  Scatter plots of MODIS-derived surface water tempera-
ture (SWT) versus in situ observations of SWT in July 2010 and 
July 2011 

4.2  Temporal changes in SWT 

The daily SWT and the daily air temperature of Qing-
hai Lake during satellite passing time from 2001 to 
2010 are shown in Fig. 3. In general, the daily varia-
tions of SWT and air temperature coincided with each 
other, although the SWT was higher than the air tem-  

 
Fig. 3  Daily surface water temperature (SWT) and daily air temperature from 2001 to 2010 
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perature. Their paths all fluctuated synchronously 
during a one-year cycle. When the air temperature 
attained its peaks during cold and warm stages, the 
SWT values were also in the correspondent positions. 
During these 10 years, the SWT values ranged from 
–18.75°C to 20.11°C. Lake SWT at 0°C often indi-
cates the ice cover occurrence in part of the lake. 
When the SWT continues to descend, the ice cover 
will expand, and entire surface of the lake will freeze 
up at last. For simplicity, we used SWT to express the 
surface temperature for both water or ice cover. 

The highest SWT point occurred in 2010, and the 
lowest point appeared in 2002. The mean value of all 
highest annual SWT points was 17.30°C, and the 
mean value of all lowest annual SWT points was 
–13.30°C. Similarly, the air temperature ranged from 
–24.80°C to 20.70°C during 2001–2010. The highest 
temperature also occurred in 2010, and the lowest 
temperature appeared in 2002. From the daily air 
temperature and daily SWT records, the daily air 
temperature was observed to be often lower than the 
daily SWT during the temperature decreasing phase, 
whereas they are comparable during the temperature 
increasing phase. 

The annual maximum, annual minimum, and an-
nual mean values of air temperature and SWT from 
2001 to 2010 were presented in Fig. 4. The annual 
maximum values of the air temperature and SWT 
were almost equal. Nevertheless, relative large differ-
ences between air temperature and SWT existed in the 
annual mean and annual minimum values. The annual 
mean and annual minimum values of SWT were con-
sistently higher than those of the air temperature, al-
though their fluctuations were similar. The annual 
mean air temperature fluctuated from 0.22°C to 
1.17°C, whereas the variation of the annual mean 
SWT ranged between 4.18°C and 5.01°C. The average 
difference between the annual mean air temperature 
and annual mean SWT was approximately 4.05°C. 
Similarly, the average difference between the annual 
minimum air temperature and annual minimum SWT 
was roughly 5.51°C. However, for the annual maxi-
mum values, the difference between air temperature 
and SWT was only approximately 0.23°C. 

 
Fig. 4  Annual maximum, annual minimum, and annual mean 
values for air temperature and surface water temperature (SWT) 
from 2001 to 2010 

Among all the tracks of annual maximum, annual 
minimum and annual mean values, the annual mean 
value tracks for air temperature and SWT were the 
most stable, whereas the annual minimum value tracks 
for air temperature and SWT were the most undulant 
(Fig. 4). From 2001 to 2010, the annual minimum air 
temperature values varied from –24.80°C to –15.70°C, 
and the annual minimum SWT changed between 
–18.75°C and –10.19°C. The annual maximum value 
tracks for air temperature and SWT were stable from 
2001 to 2009 and ascended obviously in 2010. Both 
the annual mean air temperature and annual mean 
SWT showed slightly increasing trends during the 
study period. The linear fit slope of the annual mean 
air temperature was higher than that of the annual 
mean SWT. The increase rate of the annual mean air 
temperature was about 0.05°C/a, whereas the increase 
rate of the annual mean SWT was about 0.01°C/a. 

Figure 5 shows the 10-year average daily SWT at 
about 10:30 a.m. (local solar time) and the average 
daily air temperature from 2001 to 2010. The daily 
values were calculated by averaging the temperatures 
of the same Julian days in these 10 years. Despite the 
fact that the average daily SWT was generally higher 
than the average daily air temperature, the 10-year 
average daily SWT and average daily air temperature 
changed coincidently. The period from Julian day 20 
to 215 described the temperature increasing phase, 
while the periods from Julian day 0 to 20 and from 
Julian day 215 to 365 described the temperature de-
creasing phases. 
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Fig. 5  Ten-year average daily surface water temperature (SWT) 
and average daily air temperature from 2001 to 2010 

Evidently, the differences between the average 
daily SWT and average daily air temperature during 
the temperature decreasing phases were relatively lar-
ger than those differences during the temperature in-
creasing phase. The average daily temperature [0] 
difference between air temperature and SWT during 
the temperature increasing phase was roughly 1.66°C, 
whereas that in the temperature decreasing phases was 
about 7.15°C. From Julian day 300 to 340, the differ-
ence between the average daily SWT and average 
daily air temperature exceeded 10°C. The average 
freeze-up date of Qinghai Lake was approximately at 
Julian day 345, and the break-up date was approxi-
mately at Julian day 100. 

Figure 6 shows the 10-year mean values of the 
monthly average SWT and monthly SWT changes 
from 2001 to 2010. The period from February to Au-
gust represented the increasing stage of monthly av-
erage SWT, while the period from September to the 
following January indicated the decreasing stage. The 
warmest month was August during which the monthly 
average SWT for the whole lake reached 14.79°C. In 
August, seven annual maximum values of daily SWT 
occurred during these 10 years. January was the cold-
est month of the year, when the monthly average SWT 
for the whole lake dropped to as low as –8.23°C. Ac-
cording to the statistical data, eight annual minimum 
values of daily SWT occurred in January during these 
10 years. During the period between April and No-
vember, the monthly average SWT was over 0°C, 
while from December to the following March, the 
monthly average SWT in the lake area was below 0°C. 

Generally, the monthly SWT trends fluctuated around 
0°C. The coldest month (January) and the warmest 
month (August) all manifested increasing trends from 
2001 to 2010 in terms of monthly average SWT. The 
maximum warming trend also occurred in January, 
with a rate of approximately 0.16°C/a. In August, the 
warming rate was roughly 0.07°C/a. The maximum 
cooling trend occurred in June, with a rate of ap-
proximately –0.06°C/a. 

 
Fig. 6  Ten-year mean values of the monthly average surface 
water temperature (SWT) and monthly SWT changes from 2001 
to 2010 

In addition to the retrieval accuracy of SWT, dif-
ferent amounts of available SWT data in different 
months would cause the differences in calculation ac-
curacy. According to our statistics, the days without 
any pixel in acceptable quality occurred more fre-
quently from May to September in this study area. 
Especially in July and August, the total numbers of 
days with no data reached the maximum because of 
the enhanced cloud cover. The statistical result about 
the cloud-contaminated data was in accordance with 
the observed data of the Gangcha weather station. The 
total recorded rainy days were also more numerous in 
the months from May to September, and July and Au-
gust were also the two months with the maximum 
number of rainy days all year round. Therefore, there 
should be less accurate monthly average SWT and 
monthly SWT changes from May to September than 
in the other months. 

4.3  Spatial changes in SWT 

4.3.1  Spatial patterns of the annual average SWT 
The spatial patterns of the annual average SWT for 
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different years were similar to some extent (Figs. 
7a–j). The north and the southwest parts of the lake 
mostly had lower annual average SWTs, and the east 

and the southeast parts mostly had higher annual av-
erage SWTs. 

Generally, the spatial pattern of the 10-year mean  

 
Fig. 7  Spatial patterns of the annual average surface water temperature (SWT). (a)–(j), spatial patterns of the annual average SWT 
from 2001 to 2010, respectively; (k), spatial pattern of the 10-year mean values of the SWT; (l), spatial variance of the annual average 
SWT.  
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SWT was spatially coincident with the annual aver-
age SWT, and it also showed obvious spatial hetero-
geneity (Fig. 7k). The 10-year mean values of SWT 
changed spatially from 4.47°C to 5.08°C. Locations 
with the lowest SWT were distributed in the north 
and southwest shores of the lake, and the SWT be-
came gradually higher from the shores to the central 
region of the lake. In contrast, the areas with the 
highest SWT were mainly located at the east and 
southeast shores of Qinghai Lake, and the SWT be-
came gradually lower from the shores to the central 
region of the lake.  

The spatial variance of the annual average SWT 
from 2001 to 2010 ranged from 0.04 to 0.10 during 
these 10 years (Fig. 7l). As a whole, the variance in 
the north region was a little higher than that in the 
south region of Qinghai Lake. 

The inhomogeneous distribution of the annual av-
erage SWT from 2001 to 2010 has a good spatial cor-
respondence with drainage distribution. The shape of 
the drainage basin and the spatial distributions of the 
rivers all appeared as asymmetric patterns (Fig. 1). 
The number of influent rivers was more than 50. 
However, the rivers were mainly concentrated in the 
north and northwest sides of the lake, whereas rivers 
were sparse in the south and southeast sides. Moreover, 
the river catchment areas in the north and northwest 
sides of the lake were apparently much bigger than 
those in the south and southeast sides of the lake. The 
Buha River in the northwest side of the lake is the 
biggest river in Qinghai Lake drainage basin, with a 
drainage area of roughly 14,500 km2 and an annual 
runoff of 1.12×109 m3. The rivers in the north side of 
the lake mainly include Shaliu River, Haergai River, 
and Quanji River, with annual runoffs of approxi-
mately 0.30×109, 0.24×109, and 0.05×109 m3, respec-
tively (Sun et al., 2007; Li et al., 2010). The runoffs of 
these four rivers accounted for more than 75% of the 
total runoff of the Qinghai Lake drainage basin.  

The relationship between the spatial patterns of the 
annual average SWT and the river distribution showed 
that the rivers in the north and northwest sides of the 
lake brought cooling effects to the annual average 
SWT of Qinghai Lake. Furthermore, it seems that the 
cooling effect of the rivers in the north side of the lake 

was greater than that in the northwest side, since the 
low-temperature area was bigger in the north region 
than in the northwest region of the lake.  

Commonly, differences in cooling effects among 
different rivers would be influenced not only by runoff 
but also by river water temperature. Since the runoff 
of the Buha River in the northwest side of the lake 
was larger than the runoff of the rivers in the north 
side, it was conjectured that the estuarine temperature 
of Buha River was relative higher than those of the 
rivers in the north side of the lake.  

The temperature differences among the river estu-
aries were probably related to the distances between 
the lake and the mountain watersheds. All the influent 
rivers of Qinghai Lake take their sources from the 
mountain areas. According to the investigations at 
another similar watershed in Northwest China, the 
water temperature will get warmer with the distance of 
flow for rivers originated from mountains (Xiayimu-
lati, 2009). The distance between the Qinghai Lake 
and the mountain watershed of Buha River is 117 km. 
As for the rivers in the north side of the lake, the dis-
tances between the lake and the mountain watershed 
of these rivers are all shorter than 117 km. Those dis-
tances for Shaliu River, Haergai River, and Quanji 
River are 21 km, 45 km, and 11 km, respectively. Ac-
cordingly, the temperature of Buha River in the 
northwest side of the lake would be relative higher 
with the increase of flow path length. This was proba-
bly the reason for the occurrence of spatial difference 
in the cooling effect in Qinghai Lake. 
4.3.2  Annual cyclical changes of the SWT spatial 

patterns 
Similar to the seasonal cycles of air temperature, the 
annual cyclical changes of the SWT spatial patterns 
also varied seasonally (Fig. 8). Generally, the spatial 
changes of SWT show a seasonal inversion pattern. 
The relative positions between the high-temperature 
and low-temperature areas from January to June were, 
to some extent, opposite to those from July to De-
cember. In January, the temperature was distinctly 
lower in the northeast area than in the southwest area. 
Then, the low-temperature areas moved to the north 
region of the lake, and the high-temperature areas 
moved to the south and east regions in February.  
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Fig. 8  Annual cyclical changes of the surface water temperature (SWT) spatial patterns from January to December 

From March to April, the low-temperature areas 
moved gradually to the south and the central regions 
of the lake. Correspondingly, the shore areas of the 

lake had relatively higher temperature during this time. 
The SWT spatial patterns were similar from April to 
June. The central and the south regions of the lake had 
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relatively lower temperature during this period. In July, 
the low-temperature areas were concentrated in the 
southwest region of the lake, and the high-temperature 
areas were mainly located in the north and the north-
east regions of Qinghai Lake.  

From July to September, the center of the low-tem-
perature area moved slowly to the center of the lake. 
In October, the previous low-temperature area in the 
central region of the lake disappeared, and the area in 
the north shore became a new low-temperature region. 
The center of the high-temperature area was located in 
the north region of the lake during this month. After-
wards, the high-temperature area spread to the center 
of Qinghai Lake in November. Then, the center of the 
high-temperature area moved gradually to the south 
direction from November to December. 

With regard to the lakeshore, the monthly SWT 
changes also showed distinctive periodical phenomena 
(Fig. 8). In January and February, the north shore 
showed lower SWTs, whereas the south shore had 
higher SWTs. Then, from March to September, the 
average monthly SWTs were higher in most of the 
lakeshore than in the center of the lake. Afterwards, 
the average monthly SWTs were lower in most of the 
lakeshore than in the center of the lake from October 
to December.  

Generally, the north areas of the lake had higher 
amplitudes of variation in average monthly SWT val-
ues during the seasonal cycle. During the temperature 
increasing period from February to August, the 
low-temperature area in the north region of the lake 
changed to a high-temperature area, whereas the 
high-temperature area in the south region of the lake 
transformed into a low-temperature area. During the 
temperature decreasing period from September to the 
following January, the low- and high-temperature ar-
eas showed a different reversion pattern. Accordingly, 
compared with the condition in the south area, the tem-
perature in the north area of the lake changed more 
easily following changes in air temperature. 

Many studies have shown statistically significant 
correlation between lake depth and heat budgets 
(Gorham, 1964). Under given climatic and meteoro-
logical factors, lake depth is one of the dominant fac-
tors that control SWT variation amplitude (Balsamo et 

al., 2010). For Qinghai Lake, the water depths are 
smaller at the shore areas than in the center of the lake 
(Fig. 9). In particular, in the area near the north shore, 
the slope of the lake basin topography is gentle, and 
the water is relatively shallow with a depth blew 20 m 
(Shen and Kuang, 2003). Thus, the average monthly 
SWT of the shore areas especially the north shore ar-
eas warmed up faster during the temperature increas-
ing period, whereas it cooled down faster during the 
temperature decreasing period in the seasonal cycle.  

 
Fig. 9  Bathymetry map of Qinghai Lake (cited from Shen and 
Kuang, 2003) 

By contrast, the water depths of the central areas 
and some south-central shore areas of the lake are 
generally more than 25 m. Corresponding with the 
bathymetry features of the central areas and the 
south-central shore areas, the amplitudes of SWT 
variation were lower in these areas than in the other 
shore areas and the north part of the lake. Moreover, 
in Qinghai Lake, the changes in SWT spatial patterns 
were considered as a possible indicator of the spatial 
difference in the water-heating capacity. According to 
the hydrological data (Sun et al., 2007; Liu et al., 
2009), the fresh water flows into Qinghai Lake pri-
marily comes from rivers in the northwest and north 
sides of the lake. Therefore, the heat capacities of wa-
ter are possibly lower near the north and northwest 
areas due to lower salinity. Synthetically, due to the 
effects of the lake basin topography and the water sa-
linity difference, the variation amplitudes of average 
monthly SWTs in the north and the shore areas were 
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relatively greater than those in the central area. 

5  Conclusions 

In this paper, the spatial-temporal variations of SWTs 
in Qinghai Lake from 2001 to 2010 were analyzed 
using the time series of water surface temperature re-
corded in MODIS products. Overall, the daily SWT 
during the satellite passing time was higher than the 
daily air temperature. The annual maximum values of 
air temperature and SWT were almost the same. 
However, relatively larger differences between air 
temperature and SWT existed in the annual mean and 
annual minimum values. The tracks of the annual 
minimum values of both air temperature and SWT 
were more undulant than those of the annual mini-
mum and annual mean values.  

From the 10-year average daily SWT and average 
daily air temperature, we judged that the period from 
Julian day 20 to 215 showed a temperature increasing 
phase. The differences between average daily SWT 
and average daily air temperature during the tem-
perature decreasing phases were relatively larger than 
those during the temperature increasing phase. The 
annual average air temperature and the annual aver-
age SWT all showed increasing trends from 2001 to 
2010. The increasing rate of the annual average air 
temperature was approximately 0.05°C/a, and the 
increasing rate of the annual average SWT was about 
0.01°C/a.  

The spatial patterns of annual average SWT in dif-
ferent years were similar to some extent. The north 
and southwest parts of the lake mostly had lower an-
nual average SWTs, and the east and southeast parts 
mostly had higher annual average SWTs. The inho-
mogeneous distribution of the annual average SWT 
from 2001 to 2010 showed a good spatial correspon-
dence with the drainage distribution.  

The SWT spatial changes showed a seasonal rever-
sion pattern. From January to December, the relative 
positions of the high-temperature areas changed step-
wise from the south to the north regions and then back 
to the south region, whereas the low-temperature areas 
showed an adverse annual cyclical trace. The north 
area of the lake had higher average monthly SWT am-

plitudes during the seasonal cycle. The spatial patterns 
of SWT variation amplitude were shaped mainly by 
the topography of the lake basin, and water salinity 
difference possibly contributed to these effects. 
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