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Abstract: Spatial climate data are widely used in meteorology, geography, and ecology. These
data are necessary for studying terrestrial ecosystems and climate change. In this study, we col-
lected and sorted 30-year averaged meteorological records of China’s national weather stations in
two time periods (1951-1980, 1981-2010). We used the thin plate smoothing spline technique and
ANUSPLIN 4.4 software to interpolate three climatic variables (temperature, precipitation, and
percentage of sunshine). The error statistics of the observed and interpolated data were calculated
using generalized cross validation, mean absolute errors, root mean squared errors, and linear
regression to confirm the accuracy of the interpolated data. Climate data with 1 km resolution were
obtained in three different raster formats (ASCII character set encoding text file, two-dimensional
uniform grid, and label image file). The spatial distribution patterns and trends of temperature,
precipitation, and percentage of sunshine were further analyzed.
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1 Introduction

Meteorological records and climate data are the basis of many ecological studies, including
those on the geographic distribution patterns of ecosystems, communities, populations and
species and their relationships with climate!" ™, climate interpretation of biodiversity pat-
terns’®!, and climate-driven mechanisms of spatiotemporal changes in vegetation biomass
and productivity®™®). In the face of climate change, species distribution and its response to
climate change can be further simulated using climate data®'”), and so can the impacts of
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climate change on ecosystem patterns and functions” "*. Therefore, meteorological records

and climate data are not only the basis of atmospheric science, but also important driving
data for many disciplines and research fields, such as ecology and earth sciences; they are
closely related to human life.

Meteorological observation data are usually from the continuous instrumental records of
meteorological stations. However, due to the limited number of stations and uneven spatial
distribution, these data are difficult to be directly applied in large-scale ecological studies.
Therefore, spatial climate variables need to be interpolated. Kriging and thin plate smoothing
spline (TPSS) methods are usually employed to interpolate spatial climate variables. Many
studies have shown that the TPSS method can obtain highly accurate results''* ', Therefore,
this method and the derivative software ANUSPLIN!""®! have been widely used interna-
tionally.

Most of the spatial interpolation datasets of climate variables at global and regional scales
are currently available”!. Two datasets are commonly used at the global scale. The first one
is WorldClim v2.1'. This dataset contains seven climate variables (mean annual temperature,
minimum temperature, maximum temperature, annual precipitation, solar radiation, wind
speed, and water vapor pressure) with four spatial resolutions (10’, 5', 2.5’, and 30”) on the
average over the period of 1970-2000 and 19 bioclimatic variables!'”). The second dataset is
the UK Climate Research Unit (CRU) monthly dataset (CRU TS v4.05) with nine climate
variables having 0.5° resolution grid cells for the period 1901-2020"". Since 1950, China
has gradually established relevant standardized and widely distributed instrumental meteor-
ological stations. The numbers of stations and meteorological variables increased after
1980"'). However, due to the vast territory of China, the meteorological stations are still
limited and unevenly distributed, especially in the western areas with high mountains and
plateaus and the northwestern desert areas. Therefore, the spatial interpolation of climate
variables is particularly important. In the past 20 years, Chinese scientists have been estab-
lishing several spatial datasets of climate variables for different research purposes. Examples
include the recently published national monthly temperature and grecipitation datasets at
1-km spatial resolution in different time periods (2000-2012%, 1901-2017'*, and
1980-2017*%), the dataset of evaporation and evapotranspiration ratio every eight days at
0.05° resolution for 19812015, and the national weather-driven dataset at high spatial
and temporal resolutions for 1979-2018). However, these datasets have different time
scales and used for different purposes by different groups of scientists. Many time series
datasets are available, but long-term, multi-year-averaged climatic datasets, which are cru-
cial for ecological studies, are scarce. Given the temporal variability, multi-year averages of
climate variables are commonly used in ecological studies to characterize the regional pat-
terns of climate. These variables are particularly important for the simulation of vegetation
and species distribution'®!.

Therefore, a multi-year-average climate dataset covering long-time series and having a
high spatial resolution needs to be established. In this study, the observational records of
mean monthly temperature, precipitation, and sunshine percentage from national meteoro-
logical stations in two periods of 1951-1980 and 1981-2010 are interpolated into 1-km spa-
tial resolution data by using the TPSS method and ANUSPLIN software to provide a mul-
ti-year-average climate dataset for ecological and geological studies in China.

2 Metadata of the Dataset

The metadata of the 30-year average monthly/1-km climate variables dataset of China
(1951-1980 and 1981-2010)*" are shown in Table 1.

! http://worldclim.org.
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Table 1 Metadata summary of the 30-year average monthly/1-km climate variables dataset of China
(1951-1980 and 1981-2010)

Items

Description

Dataset full name
Dataset short name
Authors

Geographical region

Temporal resolution
Data format
Data files

Foundation

Data publisher
Address

Data sharing policy

30-year average monthly/1-km climate variables dataset of China (1951-1980 and 1981-2010)
ChinaClimate 1951-2010

Cheng, Q., Zhejiang Normal University, 875544767@qq.com

Wu, X. Q., Zhejiang Normal University, 1632314650@qq.com

Wei, L. F., Zhejiang Normal University, 552535060@qq.com

Hu, X. F., Zhejiang Normal University, 976860215@qq.com

Ni, J. I-7067-2012, Zhejiang Normal University, nijian@zjnu.edu.cn

China Time coverage 1951-1980, 1981-2010

Monthly for 30-year average  Spatial resolution 1 km

.asc, .tif, .grd Data size 3.35 GB (after compression)
Eight files divided into two time periods: 1951-1980 and 1981-2010. Each period consists of
three different file formats

Ministry of Science and Technology of P. R. China (2019QZKK0402)

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

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

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

datasets (in the Digital Journal of Global Change Data Repository), and publications (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 citation; (3) Users, who are by definition also value-added service provid-
ers, are welcome to redistribute Data subject to written permission from the GCdataPR Edito-
rial Office and the issuance of a Data redistribution license; and (4) If Data are used to com-
pile new datasets, the ‘ten per cent principal’ should be followed such that Data records uti-
lized should not surpass 10% of the new dataset contents, while sources should be clearly
noted in suitable places in the new dataset”®!

Communication and DOI, CSTR, Crossref, DCI, CSCD, CNKI, SciEngine, WDS/ISC, GEOSS

searchable system

3 Methods

3.1 Data collection

The meteorological data included the standardized monthly records of surface climates dur-
ing 1951-1980 and 1981-2010. The former originated from the Chinese Surface Climate
Dataset (1951-1980)"%"! and a personal collection of a small amount of data. The latter was
from the China Meteorological Data Service Center’, and the data on Taiwan Province were
from the Central Weather Bureau of Taiwan’. The metadata of the dataset consisted origi-
nally of standardized monthly values of temperature, precipitation, sunshine duration, per-
centage of sunshine, air humidity, evaporation, snow accumulation, and wind and soil tem-
peratures recorded by the national basic and benchmark surface meteorological stations. In
this study, only three variables (temperature, precipitation, and percentage of sunshine) were
selected for interpolation. For 1951-1980, the publicly available data of 673 national
benchmark and basic stations were included together with the personal collection of 200
national or provincial general stations. The records with short time spans were excluded, and
858 meteorological station records were finally used for interpolation. For 1981-2010, 2152
meteorological records of national benchmark, basic, and general stations were included
(Figure 1). Given the differences in the number of stations between the two time periods,
especially in the western region, and the ambiguous classification of some early stations, all
meteorological stations were referred to as national surface meteorological stations.

The two monthly datasets of standard surface climates used in this study were processed

% http://data.cma.cn.
? https://www.cwb.gov.tw.
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by the National Meteorological Information Center in accordance with the standard national
statistical compilation method for climate data. The station files with problems and disa-
greements were revised separately, and stations with obvious non-uniformity (e.g., station
removal) were processed separately in accordance with different time periods before and
after the station removal, thus ensuring the uniformity and accuracy of the data. The two
original datasets were interpolated separately, and the results were relatively independent so
that problems, such as station removal, in one set of data would not affect the other.

(a) 19511980 }I\ (b) 1981-2010
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Figurel Spatial distribution of weather stations in China

3.2 Algorithms

The 12 monthly values of each climate variable were interpolated into raster data with a spa-
tial resolution of 0.01° (=1 km) by using the georeferenced TPSS method!”"® and
ANUSPLIN 4.4 software®®’. This interpolation was combined with the U.S. Shuttle Radar
Topographic Mapping Mission digital elevation model™"), whose original record had 90 m
spatial resolution and resampled to 0.01°.

The TPSS method is a widely validated approach for fitting and interpolating climate
surfaces. It can fit discrete data as spline function curves with one to multiple independent
variables, so it is widely used in global and regional climate interpolations. The method and
its software ANUSPLIN are commonly used in China, and their solid reliability and superi-
ority over other interpolation methods have been proven[14’32’33]. In the interpolation of
ANUSPLIN software based on this method, the latitude and longitude are used as the inde-
pendent variables of the spline function, and elevation is adopted as the covariate to estab-
lish the change in temperature along the altitudinal gradient (temperature lapse rate). A local
TPSS is constructed to fit the 12-month temperature ratio change in time and space and
achieve temperature interpolation. For precipitation interpolation, the original TPSS function
is used to fit the surface, and elevation is adopted as the independent variable instead of the
covariate. For the interpolation of the percentage of sunshine, the altitude is not used for
fitting, but precipitation data can be used for verification. This study employed the
above-mentioned common parameter settings and the default settings in the software*” for
the other parameters to fit and interpolate the monthly temperature, precipitation, and sun-
shine percentage.

4 Data Results and Validation

4.1 Data Composition

The 0.01° spatial resolution raster datasets of temperature, precipitation, and percentage of
sunshine for 1951-1980 and 1981-2010 were available in eight compressed folders. The file
naming rules were as follows. ChinaClimate S Z.rar. S indicated the years, including
1951-1980 and 1981-2010. Z indicated the format of the data, namely, a two-dimensional
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uniform grid format (.grd), ASCII character set encoded text file format (.asc), and labeled
image file format (.tif), which could be used for different research purposes.

4.2 Data Products

By ANUSPLIN interpolation, the data with geo-location longitude, latitude, and climate
values were obtained as two-dimensional uniform grid files, which were then converted into
ASCII character set encoded text files and label image files by the Python program of
ArcGIS 10.5 version. The spatial distribution characteristics of three climate variables were
statistically analyzed, and the spatial distribution of each climate variable was mapped using
ArcGIS based on the vegetation regionalization map of China®*!. For the two 30-year peri-
ods, the spatial distribution characteristics of the January, July, and annual values of each
climate variable were briefly described, and the temporal trends between the two time peri-
ods were compared. The comparisons included the differences between two climate varia-
bles (mean annual temperature and percentage of sunshine) and the rate of annual precipita-
tion change (precipitation in 1981-2010 — precipitation in 1951-1980) / precipitation in
1981-2010).

4.2.1 Temperature

The overall trend of temperature in China showed a decreasing trend from the southeast to
the northwest. The mean temperature in January (Figure 2a, 2b) decreased greatly from
south to north, with relatively high temperatures in southern and central China and relatively
low temperatures in northeast, north, and northwest areas and the Qinghai-Tibet Plateau.
The maximum values appeared in the tropical monsoon and rain forest region, followed by
the subtropical evergreen broadleaf forest region, both of which had temperatures higher
than 0 ‘C. The third highest value was in the warm-temperate deciduous broadleaf forest
region with a temperature of —5 ‘C, followed by the temperate desert region and the temper-
ate steppe region with temperatures lower than —10 'C and —15 °C, respectively. The Janu-
ary temperature in the Qinghai-Tibet Plateau alpine vegetation region was between the val-
ues for the desert and steppe regions. The temperate mixed coniferous and broadleaf decid-
uous forest region had a temperature near —20 “C, and the cold-temperate coniferous forest
region had a temperature near —30 C. The mean temperature in January increased in
1981-2010 compared with the average during 1951-1980, with a relatively large increase in
the cold-temperate coniferous forest region, the tropical monsoon and rain forest region, and
the temperate mixed coniferous and broadleaf deciduous forest region. The smallest increase
was in the Qinghai—Tibet Plateau alpine vegetation region.

The differences between the north and south in terms of the mean temperature in July
(Figure 2c, 2d) were relatively small, but relatively low in the Qinghai-Tibet Plateau and
central and western alpine regions. The regional differences in the mean temperature in July
were smaller than those of the mean temperature in January. The Qinghai-Tibet Plateau al-
pine vegetation region had the minimum July temperature of about 6-7 ‘C, followed by the
cold-temperate coniferous forest region with a minimum July temperature between 17 ‘C
and 18 ‘C and other regions with temperatures above 20 ‘C. The maximum July tempera-
ture of about 24 °C appeared in the warm-temperate deciduous broadleaf forest region. The
mean temperature in July in the last 30 years also increased, especially in the Qinghai—Tibet
Plateau alpine vegetation region (more than 1 C).

The mean annual temperature (Figure 2e, 2f) also showed a decreasing trend from south
to north and from southeast to northwest, with relatively high temperatures in southern, cen-
tral, and northwestern China and relatively low temperatures in the northeast of China and
the Qinghai—Tibet Plateau. The difference in the mean annual temperature in each vegetation
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region was small. The minimum mean temperature of about —4 ‘C appeared in the Qing-
hai-Tibet Plateau alpine vegetation region, which was colder than the cold-temperate conif-
erous forest region (less than 0 ‘C). The mean annual temperature was higher than 1°C and
5 C in the temperate mixed coniferous and broadleaf deciduous forest region and temperate
desert region, respectively, and the temperature of the temperate steppe region was in be-
tween. The other regions had a temperature above 10 C. The maximum value of 16°C
—17 °C appeared in the tropical monsoon and tropical forest region. The mean annual tem-
perature in the majority of China increased generally over the past 60 years, especially in the
Hengduan Mountain region on the southern edge of the Qinghai—Tibet Plateau (Figure 2g).
However, the minority of the regions in central and southwestern China, particularly
Tianshan Mountains, showed a downward trend.

4.2.2 Precipitation

Generally, the precipitation in China showed a decreasing trend from southeast to northwest.
The precipitation in January (Figure 3a, 3b) decreased widely from southeast to northwest,
with a relatively high value in the southern areas. The maximum value of about 30-35 mm
appeared in the subtropical evergreen broadleaf forest region. The next value of about 18—19
mm was in the tropical monsoon and tropical rain forest region, and the other regions had
precipitation below 10 mm. The minimum value of about 2.5 mm appeared in the temperate
desert region. Compared with the period of 1951-1980, the last 30 years showed an overall
increase. The increase in the subtropical evergreen broadleaf forest region was relatively
high and reached 6 mm per year. Meanwhile, the other regions showed a small decrease,
with a maximum decrease of 1 mm in the tropical monsoon and tropical rain forest regions.

The differences between north and south in terms of the precipitation of July (Figure 3c,
3d) were relatively large, which meant that the precipitation in summer was generally high
across China but relatively low in the northwest. The July precipitation in the different re-
gions varied significantly. The minimum of about 30 mm appeared in the temperate desert
region, which is drier than the temperate steppe region with precipitation of about 100 mm
and the other regions with precipitation above 130 mm. The maximum value of above 200
mm appeared in the tropical monsoon and tropical rain forest region. Compared with the
period of 1951-1980, the last 30 years showed an overall increase, except for the slight dec-
rements in the cold-temperate coniferous forest region, warm-temperate deciduous broadleaf
forest region, and temperate steppe region. The largest increase was observed in the tropical
monsoon and tropical rain forest regions, the values of which exceeded 30 mm.

The annual precipitation (Figure 3e, 3f) also showed a decreasing trend from south to north
and from southeast to northwest. The precipitation in south China was relatively high, whereas
that in northwest, north, and Qinghai—Tibet Plateau was relatively low. The maximum annual
precipitation (near 1,350 mm) appeared in the tropical monsoon and tropical rain forest region
(above 1,200 mm), followed by the temperate coniferous and deciduous broadleaf mixed for-
est and the warm-temperate deciduous broadleaf forest region (600—700 mm) then the
cold-temperate coniferous forest region and the Qinghai—Tibet Plateau alpine vegetation re-
gion (500 and 350 mm, respectively). The annual precipitation of the temperate steppe region
was in between. The minimum of about 140 mm appeared in the temperate desert region.
Compared with the annual precipitation in 1951-1980, the annual precipitation in 1981-2010
decreased, especially in the warm-temperate broadleaf deciduous forest region, by more than
48 mm. The change rate of annual precipitation in the two time periods (Figure 3g) was com-
plex. The increasing trend was obvious in the southeast, south, and part of southwest China.
The annual precipitation in the northwest, Qinghai—Tibet Plateau, and northeast of China
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greatly increased, whereas the precipitation in the central regions decreased obviously.
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4.2.3 Percentage of Sunshine

The differences between north and south in terms of the percentage of sunshine in January
across China (Figure 4a, 4b) were large. The sunshine percentage was low in the south and
northwest of China and in the southeastern part of the Qinghai—Tibet Plateau but relatively
high in the other regions. The sunshine percentages in January in the temperate steppe re-
gion, temperate desert region, and Qinghai—Tibet Plateau alpine vegetation region were
higher than 65%, followed by those of the cold-temperate coniferous forest region and trop-
ical monsoon and tropical forest region (less than 65% and 50%, respectively). The sunshine
percentages of the temperate mixed coniferous and broadleaf deciduous forest region and the
warm-temperate deciduous broadleaf forest region were in between. The minimum value of
about 35%-40% appeared in the subtropical evergreen broadleaf forest region. The January
sunshine percentage decreased from 1951-1980 to 1981-2010, especially in the temperate
mixed coniferous and broadleaf deciduous forest region and the warm-temperate deciduous
broadleaf forest region (reduction > 5%), whereas that in the Qinghai—Tibet Plateau alpine
vegetation region increased by nearly 2%.

The percentage of sunshine in July (Figure 4c, 4d) varied considerably between the east
and the west, which meant that percentage of sunshine in summer was generally high across
China but relatively low in the southwest and northeast regions. The maximum July sun-
shine percentage appeared in the temperate desert region, followed by the steppe region and
Qinghai-Tibet Plateau alpine vegetation region (all higher than 55%). The next value of
about 50% was observed in the warm-temperate deciduous broadleaf forest region and the
cold-temperate coniferous forest region. The values for the other regions were below 50%.
The amount of July sunshine generally decreased from 1951-1980 to 1981-2010, especially
in the warm-temperate deciduous broadleaf forest region and the subtropical evergreen
broadleaf forest region (>5%), whereas that in the Qinghai—Tibet Plateau alpine vegetation
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region increased by nearly 1%. The mean
annual percentage of sunshine (Figure 4e,
4f) also showed an increasing trend from
south to north and from southeast to north-
west. It was high in the north and northwest
of China and in the Qinghai—Tibet Plateau,
but relatively high in the southern regions.
It was higher than 60% in the temperate
steppe region, the temperate desert region,
and the Qinghai—Tibet Plateau alpine vege-
tation region. The next values were between
50% and 60% in the cold-temperate conif-
erous forest region, the temperate mixed
coniferous and broadleaf deciduous forest
region, and the warm-temperate deciduous
broadleaf forest region, followed by the
subtropical broadleaf evergreen forest re-
gion and the tropical monsoon and tropical
rain forest region (all < 50%).

Compared with the sunshine percentage
of 1951-1980, that of 1981-2010 generally |uwwm <
decreased by within 5%, except for an in- |5
crease of nearly 1% in most part of the Figure4 Maps of spatial distribution of percentage
Qinghai-Tibet Plateau alpine vegetation of sunshine in China (1951-1980,1981-2021)
region. The values for the other regions decreased by within 5%. Meanwhile, the central and
western parts of northern China and the western and northeastern parts of the Qinghai—Tibet
Plateau showed an increasing trend (Figure 4g).

VIII Qinghai-Tibetan Plateau alpine vegetation region

4.3 Data Validation

4.3.1 Quality Control

The generalized cross validation (GCV) method is used in ANUSPLIN to compare the in-
terpolated and observed climates and test the reliability of the interpolated data. In this study,
the generalized cross-validation root mean square (RTGCV), mean absolute error (MAE),
and root mean square error (RMSE) were used as the indicators of evaluation®**"). The cal-
culation formulas were as follows:

; (1

2

(:3)

where O;is the true observed value, f(X) is the smooth function value of component variable

N
X around point 1, Z(Q — f(x))* is the residual sum of squares, dy is the degree of freedom of
i=1
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the model, P; the interpolation result, and N is the number of samples.

In accordance with the geographical coordinates of the meteorological stations in the two
datasets and their original climate data, the corresponding values of each element of the in-
terpolation dataset were extracted using the “Extract values from point” tool in ArcGIS
software, and the correlation between the original and interpolation data was verified
through linear fitting to further test the accuracy and credibility of the interpolated data. In
addition, the density and distribution patterns of meteorological stations can affect the accu-
racy of interpolated data. In this study, the number of stations in the two time periods was
different. We further compared the difference between the MAE and RMSE of the interpo-
lated data with different station densities.

4.3.2 Quality Evaluation

Through the GCV test on all input data, the overall data could be judged based on its
RTGCV. The RTGCV of the monthly climate variables in 1951-1980 and 1981-2010 (Fig-
ure 5) showed that the RTGCV changes in temperature and precipitation were relatively sta-
ble. In the first 30 years, the RTGCV of temperature fluctuated in the range of 0.7-1.5 °C,
with the largest change in winter and the smallest in summer. The RTGCV of precipitation
fluctuated roughly in the range of 0.7-1.6 mm, with the maximum in autumn and the mini-
mum in spring. For the next 30 years, the RTGCV of temperature fluctuated in the range of
0.4-0.7 °C, with the largest in winter and the smallest in summer. The RTGCV of precipita-
tion fluctuated roughly in the range of 0.3—0.8 mm, with the maximum in summer and the
minimum in spring.

The sunshine percentage 50
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but the data quality was con- Figure 5 The generalized cross-validation root mean square
trollable and reasonable as a (RTGCV) of temperature, precipitation, and percentage of sunshine
whole. The MAE and RMSE

(Table 2) of the interpolation can also be used to test the accuracy of the interpolated data.
MAE reflects the size of the estimated error, and the closer the value is to zero, the better the
result is?!. In this study, the MAE of temperature in winter and spring was large, whereas
that in summer and autumn was small, but both were relatively small. The value was be-
tween 0.75 and 1.41 in 1951-1980, and between 0.42 and 0.69 in 1981-2010, indicating that
the temperature interpolation was accurate and reliable. On the contrary, the MAE of precip-
itation in winter and spring was smaller than that in summer and autumn, which was related
to the amount of precipitation in different seasons. However, it was also relatively small, and
the coefficient of variation was low, with an average of 28% in the first 30 years and 13% in
the next 30 years. The seasonal characteristics of the MAE of sunshine percentage were un-
obvious and mostly between 2.5 and 4.6, so the data accuracy was good. RMSE measures
the average dispersion of a set of data. The smaller the standard deviation is, the more stable
the data are. In this study, the mean RMSE of temperature in the first 30 years was within
0.06 (Table 2), and that in the next 30 years was within 0.04, indicating that the temperature
interpolations were highly stable. The average RMSE of sunshine percentage was within 0.2,
indicating that the data were also stable.
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Table 2 Statistics of mean absolute errors (MAE) and root mean squared errors (RMSE) of temperature,
precipitation, and percentage of sunshine in China (1951-1980, 1981-2010)

Temperature (‘C) Precipitation (mm) Sunshine percentage (%)
Month 1951-1980 1981-2010 1951-1980 19812010 1951-1980 19812010
MAE RMSE MAE RMSE MAE RMSE MAE RMSE MAE RMSE MAE RMSE

1 1.41 0.083  0.69  0.049 4.05 0.264 2.13  0.121 430 0216 3.72  0.223
2 1.21 0.071 0.62  0.044 425 0.265 223 0.117 388 0.195 3.07 0.185
3 1.02  0.060 0.54  0.038 545 0315 2.82  0.135 379  0.190 269 0.162
4 0.87  0.051 0.52  0.037 7.60  0.400 3.63 0.173 3.77 0.190 256  0.154
5 0.85  0.050 0.48 0.034 12.00 0.645 6.19  0.321 3.18 0.159 257  0.154
6 0.82 0.048 044 0030 17.80 0.998 1030 0.589 3.52 0.177 2.82  0.169
7 0.80 0.047 042 0.030 22.00 1.260 1320 0.806 4.14 0209 327 0.196
8 0.75 0.044 043 0.030 2320 1.350 12.00 0.752 425 0214 334  0.200
9 0.81 0.047 047  0.033 17.60 1.010 6.96 0418 396 0200 3.00 0.180

10 0.83  0.049 0.51 0.035 1490 0.893 451 0237 347 0175 291 0.175
11 1.01 0.059  0.58 0.041 7.55 0470 3.00 0.160 4.02 0202 327 0.197
12 1.33  0.078  0.67  0.047 421 0275 2.07 0122 462 0232 392 0.236
Mean 098  0.057 0.53 0.037 11.72  0.679 575 0329 391 0.197  3.10  0.186

For historical reasons, the number of meteorological stations from 1951 to 1980 account-
ed for only about 40% of that from 1981 to 2010. The number and density of stations in-
creased significantly in the last 30 years, but the spatial distribution pattern of the meteoro-
logical stations in the two periods was basically the same. The greater the density of the sta-
tions was, the smaller the interpolation error was and the better the interpolation was, espe-
cially for the two variables of temperature and precipitation.

The comparison between the observation of meteorological stations in the two time peri-
ods and the corresponding grid point interpolation showed a significant linear positive cor-
relation (Figure 6), effectively reflecting the real climate situation. Regardless of the time
period, the R® of temperature (Figure 6a, 6b) and sunshine percentage (Figure 3e, 3f) were
between 0.97 and 0.99, indicating that the accuracy of the interpolation was extremely high.
The R of precipitation fitting was 0.93 and 0.98 (Figure 6¢c, 6d), and the accuracy of the
interpolation was relatively low probably because ANUSPLIN underestimated the precipita-
tion.

5 Discussion and Conclusion

In this study. The temperature, precipitation, and sunshine percentage were interpolated into
grid data with a spatial resolution of 0.01° (=1 km) on the basis of the monthly records of
China’s surface meteorological stations and by using the TPSS method and ANUSPLIN 4.4
software. The interpolation method applied in this study, TPSS, is a well-verified general
geographic reference interpolation method and has been proven to be effective and reliable.
For the dataset, three methods were employed for quality control and evaluation: generalized
cross validation was used to test the validity of the original station data, mean absolute and
root mean square errors were employed to evaluate the accuracy of the interpolated data, and
linear fitting of the station and interpolated data was applied to verify the accuracy again.
The interpolation method adopted in this study has some advantages, and the spatial res-
olution of 0.01° is high, both of which mean that the climate interpolations are reliable and
can be used as an effective substitute for the extraction of Chinese climate data from global
datasets. In addition to the three climate variables considered in this study, other variables,
such as underground temperature, relative humidity, evaporation, and wind speed, can also
be interpolated. This dataset can be further utilized or referenced as: (1) basic data for stud-
ying the relationship between species or ecosystems and climate at national or regional
scales to analyze their geographical distribution, dynamic changes, and climate driving
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mechanisms; (2) input data for driving species distribution models to simulate the potential
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