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Abstract: Surface air temperature is an important parameter which controls land surface
processes, and is crucial to ecological, environmental and hydrological modelling. Temperature
records at meteorological stations have been widely used in modelling, but there has been an
increasing use of temperature data in grid form, especially for remote sensing data. Although grid
temperature can be estimated from in-situ temperature records using interpolation algorithms, low
accuracy has been found in the estimations, due to limited distribution of ground stations, espe-
cially when there are insufficient sites to represent all land-cover types and terrain conditions in the
area. The NCEP/NCAR reanalysis project has produced climate variables by using a “frozen”
state-of-the-art global data assimilation system and a database as complete as possible. Although
resolution of the NCEP data has a coarse resolution (0.5 degree), it provides global, consistent,
and long-term estimation of climate variables. This dataset presents a downscaling approach for
deriving monthly temperatures at 1 km resolution from the NCEP by utilizing derived relationships
between monthly aggregated NCEP temperatures and other ground elements, i.e., terrain, vege-
tation and geographic locations. A regression tree model was chosen for detecting the possible
relationships. Monthly temperatures at 1 km resolution during 2000 to 2010 of China’s land area
have been produced using this approach. The final predicted temperatures were compared with
observed records at 380 meteorological stations in China. The results indicated that the down-
scaled estimations can represent the spatial distribution and trends and the magnitude of tem-
peratures on an inter-month basis, with R? values ranging from 0.861 to 0.948, and RMSE values
from 1.88 °C to 2.68 °C.
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1 Introduction

Surface air temperature is an important parameter reflecting surface environmental condi-
tions, and is a basic observational parameter in the meteorological dataset!*?. Most land
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surface processes are controlled by near-surface air temperatures, which makes the air sur-
face temperature an important surface meteorological input factor in various kinds of models
of plant physiology, ecology, environment and hydrology™. It would thus be expected that
achieving highly accurate high-resolution distribution data of air temperature near the sur-
face would contribute to gaining an improved understanding of land surface processes and
global climate change™.

Air temperature distribution near the surface can be realized through temperature records
at meteorological stations and using remote sensing data. Temperature records at meteoro-
logical stations have been widely used, but rasterized temperature data has increasingly been
required for modeling, especially for those studies using remote sensing data. Although grid
temperature can be estimated from observed temperatures at stations using interpolation al-
gorithms®®®!, the estimations typically have low accuracy, because this approach depends
heavily on the quantity and distribution of available meteorological stations; also, the dis-
tribution density of meteorological station is not regular, most stations being located in flat
and inhabited regions, there being few stations in sparsely populated regions or with com-
plex topography®®®. Another issue is that the observation data at meteorological stations
may only represent temperatures near the location of the stations, and therefore in complex
terrain or regions with different landscapes, the extent that the meteorological station data
can be representative is very limited™.

Remote sensing technology has greatly improved the resolution and quality of tempera-
ture observation?, However, due to technical constraints, satellite-based thermal sensors are
unable to provide both spatially and temporally dense near-surface air temperature imaging
data. The NCEP/NCAR global reanalysis products produced by the National Centers for
Environmental Prediction (NCEP) and the National Center for Atmospheric Research
(NCAR) use a “frozen” state-of-the-art global data assimilation system and a database as
comprehensive as possible, which includes land surface, ship, rawinsonde, aircraft, satellite
and other temperature datasets. The resolution of the global reanalysis datasets is 0.5 degree
for longitude and latitude and results are available at 6-hour intervals® ™. The NCEP/
NCAR monthly average reanalysis products are reliable and the long-time-series product is
widely applied in climate diagnostics, hydrological cycles and many other research stu-
dies™ !, However, resolution of the NCEP/NCAR reanalysis product can hardly meet the
requirement of many regional researches or those requiring high spatial resolution. Down-
scaling methods have been used for producing high-resolution climate data from coarse
datal*®24.

Surface air temperature is related to many other natural factors, such as topography and
vegetation. A close correlation between inter-month NDVI and temperature has been recog-
nized in the northern mid- to high-latitude areas. In this study, on the basis of there being
close relationships between monthly average temperature, topography, vegetation factors
and geographical locations, statistical downscaling models were built based on the
NCEP/NCAR monthly average temperatures, MODIS NDVI and GLS DEM, and applied to
the land area of China to achieve a time series from 2000 to 2010. In this way, monthly
average temperatures at 1 km resolution were obtained®?.

2 Metadata of Dataset

The descriptions of the “ChinaTemp” dataset are recorded. This information includes the full
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name of the dataset, the abbreviated name, the authors and the corresponding author, the
geographical regions for the dataset content, the year of the dataset, the spatial and temporal
resolution, the number of the dataset files, the data format and size, the data files, the foun-
dations, the data publisher, and the data sharing policy. Table 1 below summarizes the main
metadata elements of the dataset.

Table 1 Metadata summary of the ChinaTemp dataset

Items Description
Dataset full name Monthly temperature dataset of China at 1 km resolution
Dataset short name ChinaTemp
Authors Jing, W. L. D-2691-2017, IGSNRR/CAS, jingwl@Ireis.ac.cn

Yang, Y. P. D-4110-2017, IGSNRR/CAS, yangyp@igsnrr.ac.cn
Yue, X. F. D-4113-2017, IGSNRR/CAS, lexf@igsnrr.ac.cn

Geographical region Mainland of China

Time 2000 to 2010; Temporal resolution: Monthly

Spatial resolution 1km Number of tiles 132

Data format tif Data Size 4,096 MB

Data files The dataset consists of 132 files and one attached dataset. These consist of the monthly

temperature data file and the validation dataset

1. tmp_yyyy_mm.tif, this is the monthly temperature data. Data size is 30,720 KB
2. tmp_new.xls, this is validation results using observation of 380 stations

3. sthinfo.csv, this the name and locations of the 380 stations

Foundation(s) Ministry of Science and Technology of P. R. China (STSN-04-08)

Data Publisher Global Change Research Data Publishing & Repository, http://www.geodoi.ac.cn/

Address No.11A, Datun Road, Chaoyang District, Beijing 100101, China

Data sharing policy Data from the Global Change Research Data Publishing & Repository includes metadata,

datasets (data products), and publications (in this case, in the Journal of Global Change
Data & Discovery). Data sharing policy includes: (1) Data are openly available and can be
free downloaded via the Internet; (2) End users are encouraged to use Data subject to cita-
tion; (3) Users, who are by definition also value-added service providers, are welcome to
redistribute Data subject to written permission from the GCdataPR Editorial Office and the
issuance of a Data redistribution license; and (4) If Data are used to compile new datasets,
the “ten per cent principal’ should be followed such that Data records utilized should not
surpass 10% of the new dataset contents, while sources should be clearly noted in suitable
places in the new dataset!**!

3 Data Utilized and Methods

3.1 Data Utilized

The NCEP/NCAR global reanalysis products are produced by the NCEP and the NCAR. The
NCEP/NCAR reanalysis products are widely used for research on climate diagnostics, hy-
drological cycle, etc. The data used in this study were the NCEP/NCAR reanalysis monthly
surface temperatures and precipitation data, covering the time series from 2000 to 2010 and
featuring a spatial resolution of 0.5 degree in geographical (latitude and longitude) projec-
tion. The original data were re-projected to the Albers equal-area conic projection using the
nearest neighbor resampling algorithm.

The Normalized Difference Vegetation Index (NDVI) is a measure of the vegetation ac-
tivity and biomass®. A close correlation between the inter-month NDVI and temperature
has been recognized for the northern mid- to high-latitude areas”™ % NDVI products have
now been extended to give global coverage with high resolution. MODIS NDVI data used in
this research and covering the time series from 2000 to 2010 with sinusoidal projection were
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re-projected to the Albers equal-area conic projection, and the nearest neighbor resampling
algorithm was used to resample MODIS NDVI images and with a pixel size of 1 km by 1
km being retained during the re-projection procedure. The MODIS NDVI data have some
noticeable regular bands in some very low NDVI regions. The land cover type of these re-
gions is mainly desert, differences of the NDVI having little impact on the distribution of
temperature and precipitation. To eliminate the effect of the bands when sampling and mod-
eling, the NDVI values that were less than 0.1 were replaced with the value of 0.1 to con-
strain the NDV1 value to the range 0.1 to 1.0.

The Global Land Survey Digital Elevation Model (GLSDEM) is a spatial data collection
model that is crucial to new global imagery products from NASA and the USGS. The GLS
collection was made possible by the development of more accurate elevation models with
global or regional coverage, including the National Elevation Dataset (NED) of the USA,
the Canadian Digital Elevation Dataset (CDED) and the Shuttle Radar Topography Mission
(SRTM) which covers most of the globe. The elevation data were incorporated into the
GLSDEM product, which has a resolution of 3 arc second (90 m) and in geographic coordi-
nates the WGS-84 datum (http://glcf.umiacs.umd.edu/data/glsdem/).

3.2 Methods

The method applied for this dataset is based on the assumption that the air temperatures near
the surface have a close relationship with the inter-month NDVI, topography and geo-
graphical locations. A regression tree model was chosen for detecting the possible relation-
ships between NCEP temperature and DEM, NDVI, and the geographical locations at the 50
km scale every month. The models were applied to DEM and NDVI data with 1 km resolu-
tion so that downscaled monthly mean temperatures were obtained. The specific down-
scaling process was as follows: (1) The NCEP surface air temperature was aggregated every
6 hours to a monthly temporal resolution. (2) The DEM (1 km) and the NDVI (1 km) were
aggregated to the 50 km scale. (3) The DEM, the monthly NDVI at 50 km and the tempera-
ture derived from the NCEP were extracted to enable regression tree models to be estab-
lished between temperature and NDVI, DEM, and geographical coordinates at the 50 km
scale. (4) The models established at 50 km resolution were applied to the NDVI and the DEM
at a resolution of 1 km, so that monthly predicted temperatures at 1 km resolution were
achieved. (5) The predicted temperature was aggregated to the 50 km scale, by subtracting the
data from the NCEP temperature at 50 km, to obtain the residual of the regression tree models.
(6) The simple spline tension interpolation method was applied to obtain the residual at a
resolution of 1 km. (7) by adding this residual to the predictive temperature at the 1 km scale,
the final predictive temperature at 1 km resolution was obtained. A flow chart for the process
is shown in Figure 1.

4 Dataset Compositions, Quality Control and Validation
4.1 Downscaled Temperature Data

To validate the accuracy of the final downscaled estimations predicted by the regression
models established at the 50 km scale, the R?, the MAE and the RMSE were calculated. Ta-

ble 2 shows the validation results for the temperature derived from the NCEP data and the
final predictive temperature at a resolution of 50 km. Figure 2 presents the scatter plots for
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the original NCEP temperature and the predicted temperature at 50 km resolution for 2010.
As shown in Table 2, the R? values for every month are all higher than 0.99, the RMSE

range is from 0.315 to 0.391, and the MAE values are

all less than 0.25 °C. Furthermore, the

downscale temperatures are higher in relation to the original NCEP data.
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Figure 1 Flow chart of the temperature

downscaling algorithm

250 y=1.00x-0.03 (25| 3=1.00x-0.02 /" | 39 )=1.00x-0.02
20 20l B=0.999 50| R=0.999 251 R=0.998
o . 20 .

15 15 15 15

10 10 10 10

5 January y 5 March| 5 April
] 0 510 15 20 25 < 5 10 15 20 25 00 5 10152025 3(; 0 5 10152025
B |
g 30=1.00x-0.04 30 ,—1.00x—0.0 gg ¥=1.00x—0.0 30} y=1.00x—0.05 ;
2. 251 R=0.998 25l R2=0.998 251 R*=0.998 25| R=0.998 #
520 20 F 20 ; 20 ;
9 15 15 15 15
5 10 10 10 7 10 X
?é (5) 7. May| 5 June (5) & July (5) 7 August
A 51015202530 510 1520253035 5101520253035 0 5101520253035

30 29321005002 /| 25f y=1.00x-0.03 | 2] y=1.00+0.05

25 STR=0.998 20l R>=0.999 _#* 20rR>=0.999

20 20 ; o 15 i

15 o

15 15 _

10 '. 10 10 ..- 10

S| September October | 5 November | 5r December

8 : o
00 51015202530 051015202530 0 5 101520 25 0 5 10 15 20 25

NCEP/NCAP temperature

Figure 2 Scatter plots for the original NCEP temperature and predicted temperature

at 50 km resolution for 2010

The regression tree model was applied to the corresponding NDVI and DEM data to ob-
tain the monthly temperature data with 1 km spatial resolution. The data were aggregated to
the NCEP/NCAR scale (50 km) using a simple averaging method. The averaged data were
then subtracted from the NCEP/NCAR data. The residuals were interpolated using the thin
spline technique to the 1 km scale, by adding this high-resolution residual to the predicted
temperature and precipitation at 1 km resolution, the final downscaled monthly average



Jing, W. L., et al.: Monthly Temperature Dataset of China at 1 km Resolution 71

temperature and monthly total precipitation of China at 1 km resolution being obtained.
Figure 3 shows the downscaled temperature for May 2005.

Table 2 Comparison of results with the original NCEP/NCAR temperature data

January February March April May June July August September October November December
R? 0.999 0.999 0.999 0.998 0.998 0.998 0.998 0.998 0.998 0.998 0.999 0.999
RMSE (°C) 0.349 0.330 0.362 0.381 0.391 0.381 0.354 0.331 0.315 0.333 0.366 0.341
MAE (°C) 0.181 0.173 0.191 0.204 0.220 0.217 0.202 0.189 0.178 0.180 0.195 0.180
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impact on land surface processes.

Moreover, temperature data with high resolution is crucial in many fields of research such as
ecology, environment and hydrology. This study has investigated the downscaling algorithm
for NCEP temperature by using a time series of NCEP 6-hour intervals of surface air tem-
perature and monthly MODIS NDVI data from 2000 to 2010. DEM, NDVI and geographical
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locations were taken into account in the establishment of the regression tree models, such
that interpolation resulted in the production of residual, monthly temperatures for the land area
of China from 2000 to 2010 at 1 km resolution.

Table 3 Validation results for the downscaled results using observations

January February March April May June July August September October November December
R2 0.941 0.938 0.922 0.902 0.890 0.865 0.861 0.869 0.886 0.925 0.948 0.950
RMSE (°C) 2.681 2.660 2.411 2219 2021 1.979 1.973 1.880 1.964 1.938 2.033 2.415
MAE(°C) 2.031 1.879 1.673 1517 1.426 1.463 1.500 1.432 1.458 1.378 1.419 1.821

The downscaled results were validated based on the NCEP temperatures at the 50 km
scale and meteorological stations throughout China. The results showed that the regression
tree downscaling model performed very well and validation results based on the meteoro-
logical stations data also showed strong agreement with the downscaled results; however,
weaker agreement was found for the western part of China, where the terrain is more com-
plex. Three points might explain this issue: (1) regression tree models, based on the 50 km
scale in complex terrain areas, may not effectively reflect the characteristics of the terrain
and the environmental vegetation factors in these regions; (2) the statistical downscaling
model, the NCEP/NCAR temperature data and the final downscaled results were based on
the regional temperatures, while meteorological stations represent just the temperature near
the locations of the stations; in regions of complex terrain where stations are sparse, the un-
certainties associated with such comparisons could potentially bias the validation results;
and (3) given that NCEP/NCAR products involve reanalysis based on integrated multiple
types of data sources, complex topography and physical process, combined with a lack of
surface or upper air observations in complex terrains, the better accuracy of the
NCEP/NCAR reanalysis products would inevitably be compromised F%-3Y.

The final downscaled results can capture the trends in inter-month variability and the
magnitude of monthly average temperatures. However, the reliability of the downscaling
algorithm appeared to be influenced by both the accuracy of the NCEP/NCAR temperature
fields and the complex terrain; hence there is a need for refinement and further improvement
of the downscaling algorithms.
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