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ABSTRACT:

Land surface temperature (LST) is a key parameter of land surface physical processes on global and regional scales, linking the heat
fluxes and interactions between the ground and atmosphere. Based on MODIS 8-day LST products (MOD11A2) from the split-
window algorithms, we constructed and obtained the monthly and annual LST dataset of Fujian Province from 2000 to 2015. Then,
we analyzed the monthly and yearly time series LST data and further investigated the LST distribution and its evolution features. The
average LST of Fujian Province reached the highest in July, while the lowest in January. The monthly and annual LST time series
present a significantly periodic features (annual and interannual) from 2000 to 2015. The spatial distribution showed that the LST in
North and West was lower than South and East in Fujian Province. With the rapid development and urbanization of the coastal area
in Fujian Province, the LST in coastal urban region was significantly higher than that in mountainous rural region. The LST
distributions might affected by the climate, topography and land cover types. The spatio-temporal distribution characteristics of LST
could provide good references for the agricultural layout and environment monitoring in Fujian Province.

1. INTRUDUCTION
1.1 General Instructions

Land surface temperature (LST) is a crucial variable in global
and regional climate changes, hydrological cycles, and surface-
atmosphere interactions (Ermida et al., 2017). Characterizing
changes in LST is increasingly important for understanding the
present environmental conditions and predicting or managing
future changes (Pan et al., 2007). The construction of LST time-
series dataset can reflect the law of continuous change of
surface temperature, which is of great significance for the
monitoring of dynamic changes of surface coverings in the
study area (Qin R., 2013; Quan et al., 2016). In general, the
construction of LST long sequence data set plays significant
role in studying terrestrial ecosystem process and global change.
In addition, the distribution characteristics and the level of LST
also provide valuable references for rationally arranging
agriculture and preventing cold damage. Meanwhile, taking use
of meteorological observation data to study the distribution of
the LST, which has difficulty in fully reflecting the spatial
distribution of surface temperature due to complex terrain and
other factors. In order to overcome such limitations, the use of
remote sensing data inversion LST is undoubtedly a feasible
and useful fashion, which has macro, real-time, dynamic
continuous characteristics for continuously monitoring and
studying a large area of surface temperature.

In recent years, the use of MODIS data to carry out the study of
surface temperature has been progress, showing better than the
previous NOAA AVHRR spatial resolution and inversion
accuracy(Pan et al., 2007). Zhan et al. (2011) attempted to
MODIS data of July to August from 2001 to 2007 in coastal
region of Fujian province of land surface temperature (LST) and

NDVI, to monitor annual changes and evaluate the UHI effect.
Wang et al. (2012) analyzed the temporal and spatial
distribution characteristics of Land Surface Temperature (LST)
in Shaanxi province using MODIS/LST time series data from
2001 to 2011. Guan et al. (2015) researched the characteristics
of land surface temperature (LST) of Tianshan Mountain area
based on the MODIS /MOD11A2 data from 2001 to 2013 in
2015. As previous studies showed above, research of long time
series LST datasets mostly construct in the northern inland city,
less for coastal cities due to lack of data.

The first objective of this paper is to establish a quantitative
long LST time series data in Fujian province. Long-term
sequence of LST derive from monthly-scale and yearly-scale to
illustrate the variation trend of the LST within the study
domain. The second objective is to dynamically monitor and
analyze the spatial distribution characteristics of LST in Fujian
province from 2000 to 2015.

2. STUDY AREA

Fujian Province is located in the southeast coast of China,
between 23 ° 33 'N~ 28 ° 20' N latitude and longitude 115 ° E~
120 ° 40'E. It has a typical south subtropical monsoon climate
in the southern coastal areas and a middle subtropical climate in
the northern mountainous and hilly areas. The annual
temperature of 15.3 ~ 21.9 ° C. It has abundant rainfall, rich in
calories, forest coverage ranked first in the country (forests
cover 68.7% of Fujian Province). However, it as a mountainous
and frequent resource disasters province, agricultural
production is largely affected by typhoons, rainstorm and other
natural factors.
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Figure 1. The 8-days LST products in the days of 313, 321 and 329 on November 2001 in Fujian Province (a, b, ¢) and the monthly
synthetic LST map based on the three images (d)

3. DATA AND METHOD
3.1 Basic Data

The study used 8-day time series of 1000m MODIS land surface
temperature data (MOD11A2), acquired from March 2000 to
2015 (http://e4ftl01.cr.usgs.gov/MOLT/MOD11A2.005/); The
annual mean temperature data and larger almanac of climate
change in Fujian Province from 2000 to 2015, etc.

3.2 Data Processing

MOD11A2 has 12 scientific datasets, we should remove the
abnormal pixels by the quality control file (QA band). Firstly,
we need to batch process the coordinate conversion and re-
projection; Then, we can clip the boundary, based on the
interest region (Fujian Province), converse temperature unit and
other basic data procession and so on. But the most critical
question is synthesizing. The Fujian province is so cloudy and
rainy all the year round that it difficult to collect better quality
MODIS images (especially in summer). For MODIS images,
artificially discarded more missing parts of image (such as:
cloud cover). But for sporadic scrawled countless area, we used
the interpolation method with neighboring data to fill it. Every
MODIS image is cloud-detected and accordingly marked. Based
on the non-cloud pixels in the image of each month is averaged
to form the maximum may be better MODIS synthetic image.

Fujian Province belongs to the coastal areas. In summer, cloudy
and even typhoon weather often occurs, which leads to serious
loss of data. Luckily, the change has the cycle similarity, so that
we can make full use of every 8-days for monthly image
integration to constructing monthly LST time series datasets.
The MOD11A2 product has more missing values and no
available pixels (all defaults to 0 values). A smoothing method
is required to maintain the temporal and spatial details by
eliminating unusually high or low LST values or null values.
Average based smoothing method is applied for this purpose (A
monthly LST is probably composed of 3 or 4 remote sensing
images). This article takes November 2001 as an example
(Figure 1). The LST in November 2001 is calculated by
averaging the corresponding 313 days, 321 days and 329 days.
Annual datasets are similar to monthly, based on the 12-month
average LST replace annual LST (Figure4) (this study take
2001 for example).

4. RESULTS AND DISCUSSION

The annual average air temperature trend of Fujian Province is
used as the verification data (Table 1) to verify that the datasets
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constructed in this study is reasonable and reliable. Combined
with Table 1, Table 2 and Figure 2 we can see that the LST is
higher than the atmospheric temperature, but the two trends are
consistent.

4.1 Temporal Variation Regulation

From March 2000 to 2015 surface temperature dataset (Table
3), we can draw its line chart (Figure 3). We can intuitively
learn the inner-annual variation range of LST in 2008 was

significantly large than in other years , with the largest above

13.24 °C in some years. The results also show that the values of

LST are relatively violently in most years of 2010 in the past 15
years. The values of LST are highest in summer, lowest in
winter, and are similar in spring and autumn, meanwhile, and
the values of LST reach their maximum in July and minimum in
January or December. There are some extreme points, such as
July 2003 LST anomaly high, January 2008 and January 2011
anomaly low. By finding the relevant historical documents, it is
found that the year 2003 is the most serious summer and winter
drought disaster since 1939, and there is a large-scale
continuous high-temperature heat wave in the summer. In 2008,
the national strong cooling and snowfall, the winter and winter
temperatures in 2011 Continued low, since 1998 since the first
warm winter after the first cold winter weather (Change IPOC,
2014).

4.2 Spatial Variation Regulation

LST in the spatial distribution of differences is also quite
obvious. The LST show distinctive spatial heterogeneity over
the whole Fujian province. The results show that the LST of
south was higher than of north, and temperature of west is
colder than that of east. With the development of society and
urbanization, the LST of coastal urban regions was higher than
that of rural areas. But there are also a certain number of "heat
island" and "cold lake" area (Figure 2). From the two phases
(2001,2015) in Figure 2, it can be seen that the relative average
annual surface temperature in 2015 is basically the same as that
in 2001. The coastal temperature is higher than that of the
coastal areas due to the economic development, urbanization
and outward expansion in the recent years, especially in
Quanzhou and Xiamen city; there is an increasing tendency of
LST annually, especially in Fuzhou and Putian city. Meanwhile,
high temperature is concentrated in densely populated and
economical-commercial areas. In the northwest of Fujian, there
was a state of mountainous and forest density, especially in
Fujian for the protection of vegetation in recent years, so the
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surface temperature in these areas has been reduced (Changting
County). As we know, the LST differed with land use types, and
the fitted results were inconsistent between the LST and NDVI.
With the increase of NDVI of woodland and grassland, the LST
decreased dramatically(Tran et al., 2017), in recent years,

Changting has invested a lot of money and energy in the
protection and planting of vegetation, and the vegetation cover
has been increased, and the surface temperature of the land has
been reduced accordingly.

Year

2001 2002

2003 2004

2005

2006

2007

2008

2009

2010

2011

2012

2013

2014

2015

Temp

19.8  20.

2 201 197

19.6  20.0

20.1

19.7

20.0

196 194

195 199

20.0

20.1

Table 1. The annual average air temperature in Fujian Province from 2001 to 2015 year (from the Fujian Provincial Climate Bulletin)

Year 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
Temp 219 224 219 219 216 221 222 216 224 217 210 215 222 220 220
Table 2. The annual average LST of Fujian Province from 2001 to 2015
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Figure 2. The annual average LST and air temperature of Fujian Province in time series
Time Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
2000 Null  Null 2119 233 27.97 2797 2818 26.62 26.15 2238 19.19 16.97
2001 1426 18.06 21.04 2193 26.19 275 2714 26.66 23.07 2424 1882 1433
2002 1472 17.87 2143 2573 246 27.72 2829 26.75 2554 2296 18.87 15
2003 12.3 15.98 20 2452 25.72 2747 3032 2826 27.28 2353 194 1455
2004  12.17 1513 197 25.19 27.46 25.93 28.65 27.63 24.74 2297 1954 1455
2005 1054 1552 195 243 2426 2652 2892 2629 26.67 2329 20.81 1341
2006 1568 17.76 20.56 20.82 24.18 26.01 28.16 27.23 24.96 2473 20.78 1457
2007  12.28 18.02 209 2111 2657 26.2 2857 2746 2644 2293 18.68 17
2008 947 1343 2111 25.02 25.69 26.66 29.13 27.07 26.22 2445 17.33 14.15
2009 13.81 2156 19.89 23.12 26.44 26.79 27.61 2694 26.81 2411 19.68 12.36
2010 15.09 20.12 1937 19.24 26.33 2555 2857 2757 2516 2155 1895 13.27
2011 9.01 16.76 1881 25.04 2739 2707 2736 2811 254 231 10.14 1355
2012 146 1776 1951 2273 24.82 2648 2779 26,53 2471 2327 171 13.12
2013 1353 1754 215 226 252 2756 29.19 2796 2647 23.08 191 124
2014 1433 16.61 19.71 24.07 2495 26.47 2757 268 26.23 2438 19.96 1293
2015 1428 16.63 22.64 23.03 2432 26.38 2797 27.09 2484 2378 20.06 1298
Table 3. The monthly average LST of Fujian Province from 2000 to 2015
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Figure 4. The annual LST spatial distribution in 2001 and 2015 and their differences in Fujian Province

5. CONCLUTIONS

Wide range, real-time and cyclical characteristics of the MODIS
are fully satisfied with the dynamic monitoring and analysis of
the LST. Compared with the traditional way, remote sensing
monitoring using MODIS data has its unique and outstanding
advantages, which has the ability to macroscopically monitor
and analyze about Fujian province, so that in remote areas of
research that with mountainous areas become possible.

This paper mainly depends on analyzing the temporal and
spatial distribution characteristics of Land surface temperature
(LST) in Fujian Province using MODIS/LST time series data
from2000 to 2015. The LST of north is colder than that of
south, and LST of east is higher than that of west, and the
coastal area is higher than that of inland. With the rapid
development of urbanization, coastal cities in recent years, the
surface temperature reflects an upward trend (especially in
Fuzhou, Xiamen, Quanzhou and other coastal areas). However,
at the same time Fujian Province makes efforts to protect
vegetation, the province's LST showing a downward trend.
Through the long-term surface temperature dataset of Fujian
Province, the missing data can be supplemented and completed.
The LST of Fujian show the sinusoidal curve and fluctuate in

the range of 14 °C ~28 °C. The surface temperature data set

which time continuous and space complete has been built, and
this paper provides certain theoretical support.
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