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Abstract: Global historical land use scenarios are widely used to simulate the climatic and
ecological effects of changes in land cover; however, reliability evaluation of these scenarios
for data on China’s forests is missing. By using a historical document-derived Chinese forest
dataset (CHFD) for the years 1700-2000, we evaluated the reliability of data on forests in
China over three global scenarios—SAGE (Center for Sustainability and the Global Envi-
ronment), PJ (Pongratz Julia), and KK10 (Kaplan and Krumhardt 2010)—through
trend-related, quantitative, and spatial comparisons. The results show the following: (1) Al-
though the area occupied by forests in China in the SAGE, PJ, KK10, and CHFD datasets
decreased over the past 300 years, there were large differences between global scenarios
and CHFD. The area occupied by forests in China in the SAGE scenario for 1700-1990 was
20%—40% more than that according to CHFD, and that occupied by forests in the KK10 from
1700 to 1850 was 32%—46% greater than that in CHFD. The difference between the PJ and
CHFD was lower than 20% for most years. (2) Large differences were detected at the pro-
vincial and grid cell scales, where the PJ scenario was closer to CHFD in terms of total for-
ested area. Provinces with large differences in terms of trend and quantity were 84% and 92%
of all provinces, respectively. Grid cells with relative differences greater than 70% accounted
for 60%—-80% of all grids. (3) These global historical land use scenarios do not accurately
reveal the spatiotemporal pattern of Chinese forests due to differences in the data sources,
methods of reconstruction, and spatial scales.
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1 Introduction

Changes in land cover caused by land use have significantly altered the Earth in the late
Quaternary (Kaplan ef al., 2017). Long-term land use and land cover change (LUCC) is an
important way to understand the processes of global and regional environment changes
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(Watson et al., 2000; Foley et al., 2005; Ellis ef al., 2013; Zhang et al., 2019). Numerous
scholars have therefore attempted to reconstruct past LUCC at different spatiotemporal
scales (Li et al., 2018). Forests, as among the most widespread forms of land cover on Earth
(Darby, 1956; Hughes and Thirgood, 1982), have played an important role in regulating cli-
mate, the surface radiation budget, and greenhouse gases (House et al., 2002; Werf et al.,
2009). Thus, forest data over long time periods are essential to modeling global or regional
climate changes and their ecological effects.

Considerable progress has been made in reconstructing historical forest cover at the local
and global scales in recent years (He et al., 2019). On the regional scale, scholars have esti-
mated the historical forested areas of several regions based on historical archives. For in-
stance, Clawson (1979) reconstructed the forested area of the United States from 1800 to
1977 using forest survey data. Kaplan er al. (2009) built the anthropogenic deforestation
scenario of Europe using a sigmoidal relationship between forest cover and historical popu-
lation density. He et al. (2015) created a spatially explicit forest cover for China for
1700-2000 using historical documents, modern surveys, and inventory data. At the global
scale, several well-known global historical land use scenarios have featured historical forest
data, such as KK10 (Kaplan and Krumhardt, 2010) (Kaplan et al., 2011), PJ (Pongratz Julia)
(Pongratz et al., 2008), and SAGE (Center for Sustainability and the Global Environment)
(Ramankutty and Foley, 1999).

Global historical land use scenarios have been widely used to simulate climate change
and carbon emissions as a result of anthropogenic activities at both the global and regional
scales (Houghton and Hackler, 2003; Brovkin et al., 2004; Kaplan et al., 2012; He et al.,
2014). However, there are large differences and uncertainties in these global scenarios due to
the use of different methods and proxy data. Uncertainties in these scenarios have propa-
gated into subsequent simulation studies. For example, Kaplan et al. (2011) reported that
global carbon emissions, based on the KK 10 land use scenario, from 8000 years ago to AD
1850 were greater by above 120% than the results calculated by HYDE 3.1 (a global crop-
land and pasture database covering the period 10,000 BC to AD 2000) (Klein Goldewijk et
al., 2011). Therefore, what is the uncertainty in global historical land use scenarios, and how
should we evaluate these scenarios?

Using local historical documents (Li et al., 2019b) or natural evidence (pollen data)
(Kaplan et al., 2017) to reconstruct historical data helps accurately reflect the spatial and
temporal characteristics of regional LUCC. It is, therefore, a significant means of carrying
out a regional evaluation of global historical land use scenarios. In China, scholars have
evaluated uncertainties in cropland and grassland/pasture in the HDYE, PJ, and SAGE sce-
narios using globally unique historical document-derived reconstructions, and the results
indicate that these scenarios do not capture information on spatial and temporal changes in
these land categories (Li et al., 2010; He et al., 2013; Zhang et al., 2013; He et al., 2018).
However, the reliability of data on forests in China has not yet been evaluated. This study
therefore aims to evaluate the uncertainty in the forested area of China in KK10, PJ, and
SAGE based on the Chinese historical forest dataset (CHFD) compiled by He et al. (2015).
The results can provide a useful reference for further understanding and using these global
historical land use scenarios.
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2 Materials and methods
2.1 Data sources

Data on forest cover were available in the following global land use scenarios: SAGE, PJ,
and KK 10. The details of these global scenarios and CHFD are given in Table 1.

Table 1 Details of the SAGE, PJ, KK 10, and CHFD datasets

Datasets Thematic coverage Temporal coverage ~ Temporal resolution Spatial resolution
SAGE Cropland, natural vegetation 1700-1992 1-50 a 0.5°%0.5°
(forest, grassland)
Agricultural area (cropland, pasture),
PJ natural vegetation (forest, grassland, 800-1992 la 0.5°%0.5°
shrub, and tundra)
KK10 Anthropogenic deforestation 80001850 la 5'x5"
CHFD Forest 1700-2000 5-50 a 10 kmx10 km

(1) SAGE scenario. This database was first launched in 1999, and mainly contains data on
cropland, forests, and grassland (Ramankutty and Foley, 1999). Based on the assumption
that the remote sensing-based cropland pattern for 1992 represents the spatial distribution of
historical cropland, the authors first synthesized the remote sensing-derived DISCover data-
set with historical inventory data to estimate cropland areas from 1700 to 1992. They then
overlaid the estimated cropland data over a potential vegetation dataset to obtain historical
changes in natural vegetation (including forest data) for the same period. The authors then
updated the SAGE cropland (Ramankutty ef al., 2010) and added pasture data from 1700 to
2007 (Ramankutty, 2012) using population data as a proxy for the area of land use. Consid-
ering that the historical forest data in SAGE had not been updated, the data assessed in this
study are from the first version, SAGE1999.

(2) PJ scenario. The agricultural areas and land cover of PJ were released in 2008 (Pon-
gratz et al., 2008). The authors made regional revisions to the SAGE cropland to create a
global cropland for 1700-1992. SAGE pasture data from 1992 were then extended to the
period 1700-1992 by combining the rates of change from HYDE (Klein Goldewijk, 2001).
The authors subsequently assumed that the ratio of area used per capita for cropland to that
used for pasture and the pattern of agricultural areas were constant prior to 1700, and ex-
panded the agricultural areas to AD 800 using population data as a proxy for the agricultural
area. Finally, the reconstructed agricultural data were overlaid over a map of potential vege-
tation to estimate changes in natural vegetation (including forests) from AD 800 to 1992
(https://cera-www.dkrz.de/WDCC/ui/cerasearch/q?query=LAND_COV _scen 1700 1992).

(3) KK10 scenario. Initially, the anthropogenic deforestation scenario for Europe was
modeled for the past 3,000 years based on an S-shaped relationship between population den-
sity and forest cover on the usable land (Kaplan et al., 2009). Using this empirical method,
the authors estimated global anthropogenic deforestation between 8 ka BP and AD 1850 us-
ing population data as a proxy for anthropogenic deforestation and potential net primary
productivity as a limiting factor for this scenario (Kaplan et al., 2011) (https://doi.pangaea.
de/10.1594/PANGAEA.871369).

(4) Chinese historical forest dataset (CHFD). Based on historical documents, modern
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surveys, and statistics as well as previous studies, He et al. (2008) estimated the area of pro-
vincial forests in China between 1700 and 2000. Subsequently, they devised a forested area
allocation model by selecting such limitation factors as altitude, slope, and potential produc-
tivity of climate, and divided the provincial forested area into grids at a resolution of 10 km
(He et al., 2015).

On the whole, maps of forest cover in China for SAGE and PJ were modeled by deduct-
ing anthropogenic land use from potential natural vegetation. The deforestation data in
KK10 were based on the relationship between the forested area and population data ob-
served in Europe. Current evaluations indicate that cropland and pasture in these global
scenarios do not capture the history of land use changes in China; for instance, the area of
cropland in the traditional cultivated region of China from SAGE was 112% more than re-
gional estimates (He et al., 2013). As a result, significant uncertainties might occur in the
forest cover maps generated using these land use data. The CHFD dataset depends on ana-
lyzing a large number of historical archives of China and using corresponding methods of
reconstruction. It can better capture historical changes in forested areas in China.

2.2 Data processing

Owing to the different spatial resolutions and temporal intervals of the SAGE, PJ, KK10,
and CHFD datasets, we preprocessed them to facilitate comparison.

(1) Unifying spatial resolutions. The spatial resolutions of SAGE, PJ, and KK10 were
0.5°, 0.5°, and 5', respectively, while the resolution of CHFD was 10 km (Table 1). To fa-
cilitate spatial comparison, CHFD was projected and resampled to 0.5°, and KK10 was
up-scaled to 0.5°. At the provincial scale, we adopted the scheme of 25 provinces as in He et
al. (2015).

(2) Selecting temporal ranges and slices. We selected 1700-1990 as the rang of compari-
son time of the SAGE, PJ, and CHFD datasets, and 1700-1850 for KK10 given the incon-
sistency in temporal extent and intervals of the four datasets. Then, 1700 was chosen as the
starting point, and the temporal slices were selected at 20-year intervals.

(3) Extracting area occupied by forests in China in KK10. KK10 contains historical de-
forestation data rather than data on the actual forested area. These data could not be directly
compared with those of the other three datasets. Therefore, following the modeling method
of KK10, we combined the gridded dataset of land suitability (Ramankutty et al., 2002) with
that of potential natural vegetation (Ramankutty and Foley, 1999) to create one for potential
forest vegetation. Subsequently, the historical forested area of China in this scenario was
obtained by deducting deforestation areas from potential forest vegetation.

2.3 Evaluation method

According to Section 2.1, the forested area in CHFD was the closest to the fact among the
four available datasets. In this study, trend-related, quantitative, and spatial comparisons
were used to evaluate the uncertainty in historical data on forests in China in these global
scenarios.

(1) Trend-related comparison. The trend-related comparison reveals the consistency and
differences among multiple target data items at a macro-scale. The dynamic degree of land
use was used here as an indicator of trend-related comparison to characterize trends in areas
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occupied by forests in China (Wang and Bao, 1999; Zhu and Li, 2003; Li et al., 2019a). The
equation for this is as follows:
D, =(F(t)=F(ty))/ F(ty)x (1/1)x100% (1)

where Dy denotes the dynamic degree of the forested area (%). If Dy is greater than zero, it
means that the forested area increases over time; otherwise, the forested area decreases. The
higher the absolute value of Dy is, the higher is the intensity of change in the forested area.
F(#) and F(t,) refer to the forested areas in years ¢y and #,, respectively. Owing to the differ-
ent intervals among the datasets, we set the unit of # as 10 years, and this index represented
changes in forested areas every 10 years in the study period.

(2) Quantitative comparison. This method describes differences in absolute values among
datasets. In this study, the logarithmic difference ratio was used to reflect the quantitative
differences in forested areas in different datasets, and this is expressed as follows:

D, (t) =In(F, (t)/ F¢(1))x100% )

where D(t) is the natural logarithm of the difference ratio in year ¢, and Fg(¢) and F(¢) de-
note the forested area in global scenarios and CHFD in year ¢, respectively.

(3) Spatial comparison. Spatial comparison is an analysis at the grid scale that characterizes
the variation in the spatial distribution of the same land types in different datasets (He et al.,
2013; Li et al., 2010). We used relative biases to describe differences in the spatial patterns of
forests between the global scenarios and the regional results. The equation takes the form:

D, (i,t) = (Fy (i,t) = F (i,1)) | F(i,£)x100% 3)

where D,(i,f) denotes the relative bias rate of grid i in year ¢ between the global scenarios
and CHFD, and F,(i,f) and F(i,f) refer to the forested area in the global scenarios and
CHFD in grid i in year ¢, respectively.

3 Results and analysis
3.1 Overall changes in forested area

The trend of change in forested areas since the year 1700 represented by the datasets re-
flected a decrease, but estimates for forested areas varied widely between the global scenar-
ios and regional results for China as illustrated in Figure 1.
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gree of —1.68% and —1.90%, respectively, with a slightly decreased or approximately con-
stant area from 1940 to 1990. KK 10 showed a slow decrease from 1700 to 1850, with a total
decrease of about 10% and a forested area dynamic degree of —0.67%. The results indicate
that changes in forested areas varied significantly between the global scenarios and CHFD.

Large differences in the area occupied by forests in China in the global scenarios and
CHFD were observed (Table 2). The area occupied by forests in CHFD was 241.27x10* km®
in 1700, and had decreased to 87.88x10* km? by 1980, while forested area in SAGE de-
creased from 296.00x10* km? to 167.00x10* km? during this period. The area occupied by
forests in China for SAGE was 20%—-40% more than that for CHFD; the maximum differ-
ence was 65% in 1960. At the same time, the forested area in PJ decreased from 241.27x 10*
km? to 143.98x10* km?, closer to that in CHFD than in SAGE. The relative biases in most
time slices among them were lower than 20%—only in 1960 did the relative bias reached
49%. From 1700 to 1840, the forested area in KK10 was 292.50x10* km*~339.63x10* km’,
and 184.11x10* km’>-241.27x10* km” in CHFD. The former was 32%-46% greater than the
latter.

Table 2 Forest area of China and relative biases among the SAGE, PJ, KK10, and CHFD datasets

CHFD SAGE PJ KK10
Years Forest area

Forestarea  Relative bias  Forest area  Relative bias  Forest area  Relative bias

(10" km?) (10* km?) (%) (10* km?) (%) (10* km?) (%)
1700 24127 296.00 20.44 265.23 9.47 333.04 32.23
1720 235.58 286.40 19.53 256.30 8.43 339.63 36.58
1740 229.89 276.80 18.57 246.37 6.92 318.04 32.46
1760 222.81 267.20 18.17 236.41 5.92 311.20 33.41
1780 21434 257.60 18.38 226.41 5.48 303.65 34.83
1800 205.87 248.00 18.62 216.35 497 299.10 37.35
1820 194.99 238.00 19.93 206.22 5.60 294.55 41.25
1840 184.11 228.00 21.38 195.91 6.21 292.50 46.29
1860 172.74 218.00 2327 185.66 7.21
1880 160.88 208.00 25.69 176.21 9.10
1900 149.02 200.00 29.42 167.80 11.87
1920 133.48 190.00 35.31 158.20 16.99
1940 117.94 177.00 40.60 144.44 2027
1960 87.88 169.00 65.39 143.98 4937
1980 111.92 167.00 40.02 144.86 25.80

Overall, SAGE and KK 10 overestimated the forested area from 1700 to 1990 across Chi-
na, and changes in areas occupied by forests varied significantly between them. PJ was
closer to CHFD in terms of total forested area.

3.2 Provincial forested area

To further reveal the uncertainty in the global scenarios, this study compared them with
CHFD at the provincial scale. The comparison in Section 3.1 shows that the total forested
area in PJ was the closest to that of CHFD among the global scenarios. Therefore, we carried
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out a provincial evaluation of only PJ.

As shown in Figure 2, 13 provinces in PJ exhibited the same trend, as evident across
China, featuring a phase of rapid linear decrease followed by a slight decrease. Forested area
in 10 provinces decreased more than those in CHFD. For instance, the forested area dynamic
degree of Shaanxi Province over this 300-year period in PJ was —1.55%, with a decrease of
43% in terms of area compared with that in 1700. The dynamic degree and decrease in for-
ested area for the same province in CHFD were —0.45% and 13%, respectively. The de-
creases in forested area in Jing-Jin-Ji (Beijing-Tianjin-Hebei), Jilin, and Chuan-Yu (Si-
chuan-Chongqing) were smaller than in CHFD. In Jilin, for instance, CHFD had a forested
area dynamic degree of —1.82% through the entire period, and the reduction of forested area
as recorded by it was 51%, while the dynamic degree and reduction in forested area of this
region according to PJ were —1.04% and 29%, respectively.
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Figure 2 Provincial forested area of China for 1700-1990 from the PJ and CHFD datasets

In the PJ scenario, eight provinces exhibited a slow decrease in forested area: Inner
Mongolia, Heilongjiang, Fujian, Yunnan, Tibet, Gan-Ning (Gansu-Ningxia), Qinghai, and
Xinjiang. The dynamic degrees of their forested areas were between —0.93% and —0.27%.
This trend was significantly different from that of CHFD. In the past 300 years, for example,
the forested area dynamic degree of Heilongjiang Province in CHFD has been —1.62%, and
its forested area has decreased by 45%, whereas the dynamic degree and decline in forested
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area for this province in PJ were —0.68% and 19%, respectively. The comparative results
suggest that 21 provinces recorded significant variations in forested area, accounting for
84% of all provinces considered.

A total of 23 provinces reflected large differences in area between PJ and CHFD, ac-
counting for 92% of all provinces. The forested areas of 14 provinces in PJ were considera-
bly greater than their counterparts in CHFD. From 1700 to 1980, for instance, the forested
area of Hu-Ning (Shanghai-Jiangsu) was between 0.09x10°-0.50x10* km” in CHFD, and
1.70x10*-6.76x10* km? in PJ, a difference as high as 170%-290%. In PJ, seven provinces
had forested areas smaller than those in CHFD: Jilin, Chuan-Yu, Yunnan, Tibet, Gan-Ning,
Qinghai, and Xinjiang. Throughout this period, for instance, the forested area of Qinghai
Province was between 0.20x10*-4.98x10* km” in CHFD, and 0.01x10"-0.03x10* km” in PJ,
a difference of 280%—-520%. Only the forested areas of Liaoning and Hunan in PJ were
closer to those in CHFD, with differences of —15%—-22% and —6%—5%, respectively.

The provincial evaluation indicates that 84% and 92% of the provinces had large differ-
ences in terms of trend and quantity, respectively, between PJ and CHFD. Therefore, there
were significant discrepancies between them at the provincial scale.

3.3 Spatial patterns of forest

3.3.1 Comparison of overall spatial pattern

Figure 3 illustrates the overall spatial pattern of forest cover in the PJ and CHFD datasets as
well as the relative differences between them. As is shown, the spatial distribution of forests
in PJ was in general agreement with that in CHFD, and both showed that eastern China was
dominated by forest cover. However, the forest coverage of PJ in the traditional cultivated
region of China was significantly greater than that of CHFD. The data in CHFD featured a
smaller forest coverage in the North China Plain, the middle lower Yangtze River, and the
Loess Plateau than that in PJ because these regions, as traditional cultivated regions of China,
had been subjected to high-intensity and large-scale anthropogenic disturbance over long
periods. This resulted in large-scale deforestation before the Qing Dynasty. By contrast,
these regions in the PJ scenario had a large amount of forest for the entire study period.

In data for the last 300 years, large differences in the range and magnitude of deforesta-
tion between PJ and CHFD were found. In CHFD, the forested area decreased significantly
in the southwest, northeast, and southeast of China, which accurately captured the spatial
and temporal differences in deforestation. For instance, the Qing government had adopted a
series of policies to attract immigrants into Sichuan to carry out land reclamation in the late
17th century, leading to a significant loss of local forest cover (He et al., 2015). In the
mid-19th century, the Qing government abolished its “Prohibit reclamation in Northeast
China” policy, and the immigrant population increased exponentially in northeastern China
(including Heilongjiang, Jilin, and Liaoning) (Yang et al., 2019). As a result, northeastern
China became the area with the highest deforestation after southwestern China. By contrast,
due to the use of the linear back-scaling reconstruction method, the forested area in PJ de-
creased at a constant rate, and thus there were no significant spatiotemporal differences in
the range and magnitude of deforestation.

In addition, extensive relative biases are shown in Figure 3c. Positive differences were
distributed mainly in the North China Plain, the middle lower Yangtze River, and Loess
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Figure 3 The spatial patterns of distribution of forests, and relative biases between the PJ and CHFD datasets



1092 Journal of Geographical Sciences

Plateau, and indicated the overestimation of forested areas in PJ for these regions. The posi-
tive differences increased over time and were detectable throughout eastern China by 1960.
The negative differences in western Sichuan and southeast Tibet reflected the underestima-
tion of forested areas in PJ for these regions. It is clear that the main reason for the extensive
relative differences was that deforestation in PJ tended to be represented as uniform.

3.3.2 Relative biases on grid cell scale

As shown in Table 3, the percentages of grids with relative biases under 30% (intervals
-30%—-0% and 0%-30%) were between 10%—-26%, and only 3%—-9% of grids had relative
biases lower than 10%. Grids with relative biases over 70% (intervals >70% and <-70%)
accounted for 60%—-80% of all grids, and those with relative biases higher than 90% ac-
counted for 55%—75%. The number of grids with large differences increased over time. In
1720, grids with relative biases higher than 90% accounted for 55% of the total, and the
proportion of grids with relative biases were lower than 10% accounted for 9%. By 1960,
grids with relative biases over 90% exceeded 75%, and those with relative biases under 10%
accounted for only 3%. Moreover, significant positive biases were detected between PJ and
CHFD. The number of grids with positive biases accounted for more than 80% of all grids
while negative biases grids were less than 20%.

Table 3 The percentage of grid cells of different relative biases between the PJ and CHFD datasets

Relative biases (%) 1720 1780 1840 1900 1960
<10 9.32 7.59 6.47 4.81 3.05

10-30 17.14 14.51 11.73 9.47 7.18
30-50 7.97 9.70 9.85 8.05 5.04
50-70 5.71 6.39 6.24 7.14 4.81
70-90 4.66 4.81 4.74 4.21 4.66

>90 55.19 56.99 60.98 66.32 75.27

4 Discussion and conclusions

Using the historical document-derived CHFD dataset, this study evaluated the reliability of
data on forested areas in global historical land use scenarios at the gross, provincial, and grid
scales. The main conclusions are as follows:

(1) A gross comparison showed that the reported forested areas varied widely between the
global scenarios and CHFD, although the trend was identical in them. SAGE and KK10
overestimated the area occupied by forests in China over the past 300 years; the forested
area according to SAGE since 1700 was 20%—40% more than that from CHFD, and that
according to KK 10 from 1700 to 1850 was 32%—46% more than that in CHFD. The forested
area in PJ was closer in value to that in CHFD than SAGE and KK10, with a difference of
less than 20%.

(2) The provincial and grid evaluations suggested large differences between the data in PJ
and CHFD. Provinces with significant differences in terms of trend and quantity between PJ
and CHFD accounted for 84% and 92% of all provinces, respectively. Grids with relative
biases over 70% (intervals >70% and <-70%) and 90% (intervals >90% and <-90%) ac-
counted for 60%—-80% and 55%—75% of all grids, respectively.

(3) Compared with CHFD, data on forests in China in the global scenarios—SAGE, PJ,
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and KK10—were subject to great uncertainty. Differences in aims, data sources, and meth-
ods of reconstruction led to significant discrepancies among them. The authors chose remote
sensing-derived modern LUCC data available at the global scale as the starting point of the
reconstruction, and used the linear back-scaling method to obtain global historical agricul-
tural areas. The reconstructed agricultural data were then overlaid on a map of potential
vegetation to estimate the historical forested area. However, at the regional scale, data on
forests in China were reconstructed through the analysis and verification of historical docu-
ments and survey statistics, and the results accurately reflected historical changes in forested
areas in China.

Although our evaluations suggest that land cover data in these global scenarios were un-
certain, the method for deducting areas of historical land use from potential vegetation to
obtain changes in land cover remains feasible at the global or continental scale, and can be
used as a reference for spatially explicit reconstruction in the future, given that the archaeo-
logical and paleoecological records capture only land cover at a given site. It is noteworthy
that preparing reliable data on potential vegetation and historical land use is essential before
using this approach. On the one hand, the potential vegetation data used in global scenarios
are mostly based on simulations of the relationship between vegetation and the environment,
and the results are uncertain. Using regional historical evidence (e.g., pollen, historical ar-
chives, or archaeological investigations) to modify the results of the simulations can con-
tribute to better depictions of natural vegetation. On the other hand, significant progress has
been made in reconstructing regional historical land use. The bottom-up approach, i.e., the
reconstruction of historical land use from the regional to the global level, is an effective way
to improve the reliability of land use data for global scenarios. For example, the Chinese
historical cropland data reconstructed based on historical documents have been used in
HYDE 3.2. As a result, taking full advantage of historical archives to reconstruct long-term
LUCC data is essential for improving the reliability of global scenarios, and meets the needs
of regional climatic and ecological simulations.
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