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Abstract. Tamarix chinensis (Tamaricaceae), a halophytic plant, is native to China. Tamarix chinensis 

has shown significant advantages in improving soil desertification and enhancing soil quality in coastal 

saline lands and can be used for ornamental and medicinal purposes with high scientific, ecological and 

economic values. The scarcity of information about geographic distribution under global climate change 

makes it difficult to promote better cultivation of this shrub. For this study, we modeled the current and 

future suitable growth areas in 2050 and 2070 for T. chinensis by the Maxent model using the latest 

Coupled Model Comparison Program 6 (CMIP6) data set. The results revealed that annual mean 

temperature, precipitation of wettest quarter, annual mean UV-B and elevation were identified as the most 

important factors affecting T. chinensis distribution. The total suitable potential distribution areas for 

T. chinensis encompassed ca. 191.38×104 km2, in which the highly suitable areas were mainly distributed 

in the middle and lower reaches of the Yellow River and the eastern coastal areas in China. Under the 

Shared Socioeconomic Pathway (SSP) 126 scenario, we predicted an expansion of the suitable habitat 

range in 2050 followed by a contraction in 2070; however, under the SSP585 scenario, the suitable 

habitat range of T. chinensis would decrease in 2050 and 2070. Overall, T. chinensis showed a shift trend 

in distribution to higher latitudes and elevations with global warming. This study could provide a 

theoretical guidance for formulating management plans for T. chinensis and saline soil rehabilitation in 

the future. 
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Introduction 

Global climate change has already affected ecosystems and biological species 

(Kozak et al., 2008). According to the report of the Intergovernmental Panel on Climate 

Change (IPCC), the average global surface temperature has risen by 0.85°C during 

1980–2012 (IPCC, 2013). Thus, global warming has become an indisputable fact. A 

continuous and more rapid warming trend has been simulated by multiple climate 

models, which predicted that the global surface temperature will increase by 1–6°C by 

the end of the 21st century, relative to pre-industrial temperature levels (Rogelj et al., 

2012). A number of studies have shown that climate change has altered the current 

habitat suitability and spatial distribution patterns of many species, and even led to the 

migration and extinction of some organisms (Bertrand et al., 2011; Anderegg et al., 

2015; Feng et al., 2021). Therefore, it is very important for predicting the potential 

distribution of species under global climate change. Understanding the spatial patterns 
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of species and their dependence on the climate factors is very useful for planning 

strategies to use resources sustainably in the future (Liu et al., 2018). 

To better analyze the frequency and intensity of climate change, the sixth phase of 

the Coupled Model Comparison Program (CMIP6) has been formulated scientifically 

based on the scientific gaps learned from CMIP5 in 2021 (Bai et al., 2021). The current 

CMIP6 models differ from those of CMIP5 due to a new generation of climate models 

in which a new set of emission scenarios are driven by shared Socioeconomic Pathways 

(SSPs) for further analysis (Gidden et al., 2019; Liang et al., 2020). CMIP6 models are 

expected to be more reliable (Eyring et al., 2016; Zhang et al., 2021) because higher 

transient climate response and climate sensitivity compared to earlier models in CMIP5, 

with stronger warming in recent decades (Zelinka et al., 2020; Liang et al., 2020). In 

addition, CMIP6 showed higher accuracy statistics, particularly in annual and seasonal 

mean temperature and precipitation compared to CMIP5 (Bağçaci et al., 2021). It is of 

great benefit to researchers and decision makers to provide a guide for the distribution 

of plantations under the new emission scenarios in the future. 

Species distribution models (SDMs) are used as effective tools in analyzing the 

impact of climate change on the potential distribution of species (Elith et al., 2006; 

Peterson, 2007). At present, the maximum entropy model (Maxent) has become one of 

the most frequently used niche models compared to other models, such as biological 

population growth model (CLIMEX), Domain and genetic algorithm for rule set 

production (GARP) (Zhang et al., 2018). It builds a prediction model based upon 

current species distribution records and environmental variables (Elith et al., 2011). Due 

to its small sample size and superior performance, the Maxent model has become an 

ideal prediction tool that can meet different research objectives (Phillips and Dudík, 

2008; Pearson et al., 2011). For example, numerous studies based on Maxent modeling 

were conducted on endangered species conservation (Chen et al., 2020; Wei et al., 2020; 

Lu et al., 2021), invasive species control (Zhang et al., 2021) and planting suitability 

regionalization (Peng et al., 2019; Xu et al., 2020). 

Climate change is considered one of the major contributing factors to soil 

salinization that leads to environmental degradation (Rogel et al., 2000). Approximately 

6.5% of the world’s total land area is affected by salinization until 2020 (Munns and 

Tester, 2008; Litalien and Zeeb, 2020). Soil salinity can strongly affect seed 

germination and plant growth and directly threat the function of many ecosystems 

(Santos et al., 2016). Halophytes could not only survive and reproduce in environments 

where the salt concentration is 200 mM NaCl or more (Flowers and Colmer, 2008) but 

survive under other harsh conditions, including drought, cold or flooding (Fan, 2020). 

Therefore, halophytes play an important role in ecological restoration of salt-affected 

land and minimizing soil degradation (Litalien and Zeeb, 2020). 

Tamarix chinensis Lour., is one of the native halophytes usually distributed in 

China’s warm-temperate zone. It is a perennial shrub or small tree with scalelike leaves 

and racemes of pink flowers (Figure 1a, 1b). In order to adapt to complex hypersaline 

environments, T. chinensis has evolved special salt-secreting structures - salt glands, 

T. chinensis can secrete excess salt out of its body via salt glands to avoid excessive salt 

absorption (Figure 1c) (Jiang et al., 2012). With properties of strong salt and drought 

resistance, T. chinensis plays a pivotal role in maintaining ecosystem stability in saline 

lands (Sun et al., 2020). Thus, it is of unique scientific research value and ecological 

significance. Additionally, T. chinensis has high ornamental value and can be used for 

landscaping applications. Currently, T. chinensis is undergoing population declination 
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and fragmentation due to climate change and human disturbance (Sun et al., 2020). 

Therefore, it acts as an ideal model species for studying the impact of climate change on 

species distribution. Predictions of potential distribution of species under global climate 

change play an instructional role for introduction and sustainable resource use (Peterson 

et al., 2011; Du et al., 2020). Therefore, T. chinensis as a representative species of 

strong salt and drought resistance plants, Research on T. chinensis is urgent and 

necessary. Predicting the potential distribution of T. chinensis under global climate 

change can provide an important reference for the future introduction and application of 

T. chinensis, maximising the ecological value of the species. However, to my 

knowledge, there is very limited studies using CMIP6 data set to predict the potential 

geographic distribution under future climate change scenarios. 

 

Figure 1. Appearance. (a) racemes of pink flowers (b) scale-like leaves (c) Salt glands 

 

 

In this study, Maxent modeling were used to predict distribution of T. chinensis in 

China based on an extensive collection of geo-referenced occurrence records of 

T. chinensis and associated environmental data for current and future climate scenarios 

using the current CMIP6 data. The aims of this research were to: (1) identify the main 

environmental variables affecting the potential distribution of T. chinensis; (2) to predict 

the potential distribution of T. chinensis in current and future (2050s and 2070s) climate 

conditions under the lowest and the highest limits of the Shared Socio-economic 

Pathways (SSP126 and SSP585); (3) to determine the habitat shift of the core 

distribution area of T. chinensis under 2050s and 2070s climate scenarios. The results 

will provide a reference for introducing and cultivating T. chinensis resources across 

China. 

Material and methods 

Species occurrence data for T. chinensis 

In this paper, the native records were obtained from three resources: (1) field survey 

during 2018 in China, (2) the specimen libraries including the Global Biodiversity 

Information Facility (https://www.gbif.org/), the National Specimen Information 

https://www.gbif.org/
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Infrastructure (http://www.nsii.org.cn) and the Chinese Virtual Herbarium 

(http://www.cvh.ac.cn/), (3) the reports in literatures (Zhang et al., 2019; Sun et al., 

2020). 

Environmental variables 

Initially, 30 environmental variables were chosen to model the current species 

distribution (Table S1). These included 19 bioclimatic variables for the period from 

1970 to 2000 obtained from the World Climate Database (WorldClim 2.1 released in 

January 2020, http://www.worldclim.org/) (Fick and Hijmans, 2017). In addition, 

topographical data were downloaded from the Geospatial Data Cloud 

(http://www.gscloud.cn/) to generate the elevation(Alt), slope (Slop) and aspect (Asp) 

data layers; soil data (T_OC, T_PH_H2O, T_TEB and T_USDA_TEX_CLASS) were 

from the soil characteristics database (http://globalchange.bnu.edu.cn/research/soil2) 

(Shang et al., 2013) and Global ultraviolet-B radiation (UVB 1–4) were from the gIUV 

database (http://www.ufz.de/gliv/) (Beckmann et al., 2014). These environmental 

variables were extracted from the base map of China that was obtained from the 

National Fundamental Geographic Information System website 

(http://nfgis.nsdi.gov.cn/) by ArcGIS 10.5 at 2.5 minutes (approximately 5 km2) spatial 

resolution. 

For future climate scenarios, we used BCC-CSM2-MR climate change modeling data 

(a middle resolution climate system model developed by Beijing) from the new CMIP6 

database (Eyring et al., 2016; Jamal et al., 2020). The SSP126 and the SSP585 at 2.5 

minutes spatial resolution were used for two future periods: 2041-2060 (2050) and 

2061-2080 (2070) (http://www.worldclim.org/). The SSP126 represents the low-

emission scenario measured by its radiative forcing pathway and predicted a warming 

inferior to 2℃ by 2100. The SSP585 is a high-emission scenario that stabilized 

radiative forcing at 8.5 W/m2 in 2100 (Riahi et al., 2017). The Eleven parameters (three 

topographical variables, four soil and four UV-B radiation parameters) remained 

unchanged to predict the influence of future climate changes on the distribution of 

T. chinensis. 

To reduce multicollinearity of these variables and overfitting of the Maxent model 

(Graham, 2003), highly correlated environmental factors (r ≥ 0.80 Pearson’ correlation 

coefficients) were removed from the prediction models (Table S2). Finally, 14 

environmental variables were selected by ArcGIS 10.5 (Eris, Redlands California, USA) 

for the Maxent model. These 14 variables included annual mean temperature (Bio1), 

temperature annual range (Bio7), precipitation of the driest month (Bio14), precipitation 

seasonality (Bio15) and precipitation of wettest quarter (Bio16), elevation (Alt), slope 

(Slop), aspect (Asp), topsoil organic carbon (T_OC), topsoil pH (T_PH_H2O), topsoil 

TEB (T_TEB), topsoil USDA texture classification (T_USDA_TEX_CLASS), annual 

mean UV-B (UVB1) and UV-B seasonality (UVB2) (Table 1). 

Maxent model processing 

The current and future distribution of T. chinensis in China was analyzed using the 

maximum entropy modeling in Maxent v 3.4.1 (Phillips et al., 2020). We ran 20 

replicates with randomly 25% of the location points used for model testing and 

determined logistic probabilities for the output. Other parameter settings were kept as 

default. 

 

http://www.nsii.org.cn/
http://globalchange.bnu.edu.cn/research/soil2)%20(Shang
http://globalchange.bnu.edu.cn/research/soil2)%20(Shang
http://www.ufz.de/gliv/
http://www.worldclim.org/
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Table 1. The contribution proportions and permutation importance of the 14 environmental 

variables included in the Maxent models for T. chinensis 

Code Environmental variables 
Contribution 

(%) 

Permutation 

importance 

Bio1 Annual mean temperature 39.0 42.7 

Bio16 Precipitation of wettest quarter 18.8 19.3 

UVB1 Annual mean UV-B 10.2 10.8 

Alt Elevation 7.5 15.8 

UVB2 UV-B seasonality 7.3 1.2 

T_PH_H2O Topsoil pH (H2O) 5.8 0.3 

Bio7 Temperature annual range (BIO5-BIO6) 5.2 1.6 

Slop Slope 2.4 2.1 

Bio15 
Precipitation seasonality (coefficient of 

variation) 
1.9 1.3 

Bio14 Precipitation of driest month 0.6 2.0 

T_USDA Topsoil USDA texture classification 0.5 1.5 

Asp Aspect 0.4 0.6 

T_TEB Topsoil TEB 0.3 0.7 

T_OC Topsoil organic carbon 0.1 0.1 

 

 

To evaluate the model’s predictive performance, the area under receiver operating 

characteristic curve (AUC) values were examined. Generally, AUC values between 0.7 

and 0.9 were considered to have a very good fit, and higher than 0.9 were considered as 

a perfectly fitted model (Wei et al., 2020; Xu et al., 2020). The Jackknife test was used 

to analyze the contribution rate and importance of these environmental variables. 

Moreover, the most important variables used in the model were analyzed in regard to 

their response curves. 

Determining the environmentally suitable cultivation areas 

For further analysis, the outputs of the Maxent models were transformed into raster 

format predicting the presence of T. chinensis (0–1 range) using ArcGIS 10.5. A 

presence–absence map was produced using the “Maximum training sensitivity plus 

specificity”. threshold which has been shown to produce highly accurate predictions 

(Peng et al., 2019; Xu et al., 2019). Finally, we divided the habitat suitability maps into 

four classes with the “Maximum training sensitivity plus specificity” value of 0.30: 

unsuitable habitat (0–0.30); poorly suitable habitat (0.30–0.50); moderately suitable 

habitat (0.50–0.70) and highly suitable habitat (0.70–1.0). For each model, we 

calculated the suitable habitat area by the proportion of the data set. 

The core distributional shifts 

The “QuickReclassify to Binary” in the SDMtoolbox v2.4 tool kit (Brown and 

Barbara, 2014) was used to convert the raster file into a binary file, and then we 

converted the binary file to the “. asc” file. The “Centroid Changes (Lines)” tool was 

used to calculate the displacement of the geometric center of current and future suitable 

areas. Finally, the overall change trend of the distribution area of T. chinensis were 

tracked. 
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Results 

Model performance and major environmental variables 

For the current distribution, the average omission rate is close to the predicted 

omission for the training presence records and the test records (Figure S1). In addition, 

the mean AUC value for the Maxent models was 0.857, it was higher than the AUC 

value of a random prediction (Figure S2). This indicated the model had good predictive 

accuracy and good performance for modelling the geographic distribution of 

T. chinensis in China. 

The importance of the relative contributions of environmental variables to the 

Maxent model was evaluated using the jackknife test in Figure 2. Among the 14 

variables, the most important factors affecting the habitat distribution of T. chinensis 

were annual mean temperature (Bio1, 39.0%), precipitation of wettest quarter (Bio16, 

18.8%), annual mean UV-B (UVB1, 10.2%), elevation (Alt, 7.5%) and UV-B 

seasonality (UVB2, 7.3%). The cumulative contributions of these five parameters 

reached values as high as 82.8% (Table 1). 

 

Figure 2. Jackknife test evaluating the relative importance of environmental variables on the 

distribution of T. chinensis 

 

 

Based on the response curves (Figure 3), the thresholds (existence probability>0.3) 

of the major ecological factors were obtained: annual mean temperature (Bio1) ranged 

from 5.6 to 16.7℃, precipitation of wettest quarter (Bio16) ranged from 116 to 860 mm 

and from 860-1086 mm, UVB1 ranged from 2284 to 3238 J.m-2.day-1, UVB2 ranged 

from 1.27 to 1.75 Jꞏm-2ꞏday-1, and elevation (Alt) was from -124m to 2659 m. 

Predicted current potential distribution of T. chinensis 

In China, T. chinensis is naturally distributed in warm-temperate zone, including 

Hebei, Shandong, Liaoning, Jiangsu provinces (Sun et al., 2020), inhabiting river beds, 

sandy floodplains, deserts, and coastal tidal flats (Zhang et al., 2019). A total of 381 
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known occurrences of T. chinensis were obtained for constructing the models 

(Figure 4a). The current potential distribution of T. chinensis in China was illustrated in 

Figure 4b. The results showed that the total suitable area was about 191.38×104 km2, 

accounting for 19.94% of the total area of China, and the poor, moderate and high 

suitable areas accounted for 53.87%, 39.06%, and 7.07% of the total suitable area, 

respectively (Table 2). The areas with habitats suitability above 30% were mainly 

distributed in the middle and lower reaches of the Yellow River and the eastern coastal 

regions. Currently the highly suitable areas were distributed in the Hebei Province, the 

northeast of Shandong Province, the north of Henan Province, the coastal areas of 

Tianjin city and Liaoning Province. 

 

Figure 3. Response curves for important environmental variables affecting the distribution of 

T. chinensis in China. Annual mean temperature (Bio1), precipitation of wettest quarter 

(Bio16), annual mean UV-B (UVB1), UV-B seasonality (UVB2), and elevation (Alt). The red 

curves are the averages and blue margins show one standard deviation (SD) calculated over the 

20 replicates 
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Figure 4. (a) Geographic locations of Tamarix chinensis occurrences in China. Red point shows 

the species occurrence location. (b) The potential distribution of T. chinensis under current 

climate conditions in China using the Maxent model. The red colour indicates areas with a high 

probability of occurrence for T. chinensis, the green colour represents a moderate probability of 

occurrence, the orange colour represents a low probability of occurrence, and the white colour 

indicates areas not suitable for T. chinensis 

 

 
Table 2. Suitable areas for T. chinensis under different climate change scenarios (104 km2) 

Period Poorly suitable Moderately suitable Highly suitable Total suitable 

Current 103.10 74.75 13.54 191.38 

2050s, SSP126 105.82 73.90 12.96 192.68 

2070s, SSP126 98.90 73.76 14.08 186.74 

2050s, SSP585 97.59 75.23 13.05 185.87 

2070s, SSP585 97.74 70.98 14.86 183.58 

 

 

Potentially suitable climatic distributions in the future 

We used the Maxent models to predict the suitable distribution areas of T. chinensis 

in China in the future (2050 and 2070) under the lowest and the highest future SSP 

scenarios (SSP126 and SSP585) (Figure 5). Under the SSP126 climate scenario, the 

total area of T. chinensis increased slightly in the 2050s, amounting to ca. 

192.68×104 km2 (Table 2). Maxent estimated that the increased distribution area is 

17.89×104 km2, the decreased area is 16.36×104 km2, and the stable area is 

169.48×104 km2 (Table 3). The newly suitable habitats mainly appear in the southern 

sector of Inner Mongolia, the northern Shanxi, Liaoning, as well as in the Yangtze River 

Basin. Losses in suitable areas appear mainly in northern of Mongolia, Gansu, Yunnan, 

Hubei, Anhui and Zhejiang Provinces (Figure 5). However, the total area decreased in 

the 2070s (186.74×104 km2). Interestingly, in 2070, the highly suitable area was 3.99% 

higher than the current highly suitable area (Table 2). And the increased area is 

10.85×104 km2, the loss area is 15.71×104 km2, and the stable area is 170.48×104 km2 

(Table 3). 

Under the SSP585 climate scenario, the total area of T. chinensis decreased both in 

the 2050s (185.87×104 km2) and in the 2070s (183.58×104 km2) (Table 2). Overall, the 

increased and decreased habitat stayed generally stable as under SSP126 (Figure 5). In 
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2050s, the area of increased, decreased and unchanged habitat is 11.88×104 km2, 

17.56×104 km2 and 168.28×104 km2, respectively. In 2070, the increased area and the 

decreased area increase to 14.11×104 km2 and 22.05×104 km2, respectively (Table 3). 

 

Figure 5. Future species distribution models of T. chinensis under climate change scenarios 

SSP126 and SSP585 in China. A1-A4, future suitable habitats distribution of T. chinensis; B1-

B4, Comparison between the current and the future climate scenarios 
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Table 3. Dynamic changes in suitable habitat area for T. chinensis under four future climate 

scenarios (104 km2) 

Period Decreased Increased Unchanged 

2050s, SSP126 16.36 17.89 169.48 

2070s, SSP126 15.71 10.85 170.14 

2050s, SSP585 17.56 11.88 168.28 

2070s, SSP585 22.05 14.11 163.79 

 

 

Core distribution shifts 

To grasp an overall understanding of distribution shifts, the centroids of both the 

current and future were calculated and drawn (Figure 6). The centroid of the current 

habitat of T. chinensis was predicted to be located in south Shanxi province (112.267 E 

and 35.61 N). Under SSP 126, it might shift southwest in 2050 (111.953 E and 

35.611 N), but north in 2070 (112.129 E and 35.638 N). Overall, the core distribution of 

the two climate scenarios under SSP 126 showed a westward-shifting trend. Meanwhile, 

under SSP 8.5 the centroid of the suitable area was predicted to shift northwest in 2050 

(112.192 E and 35.671 N) and then might move east in 2070 (112.524 E and 35.67 N). 

Overall, the core distribution of the two climate scenarios under SSP 585 showed a 

northward-shifting trend. 

 

Figure 6. Potential habitats shifts of T. chinensis under different climate change scenarios. 

Black dot indicates the geometric center of suitable area under current climate condition; 

orange dot and purple dot indicate the geometric centers of future suitable areas of 2050 and 

2070 under the climate scenario of SSP126; blue dot and green dots indicate the geometric 

centers of future suitable areas of 2050 and 2070 under the climate scenario of SSP585 
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Discussion 

Climate change could impact geographical distribution of species (Zhang et al., 

2018). T. chinensis is one of the most highly salt-tolerant shrub species with 340 Mm 

NaCl limit (Ye et al., 2020). As a native halophyte, it shows the wide adaptability to 

different ecological environment such as flooded, salty and arid conditions in China 

(Zhang et al., 2019). For this study, Maxent and ArcMap software have been used to 

predict the potential geographic distribution of T. chinensis under current and future 

climate scenarios based on the latest CMIP6 data set which is very important for 

assessing the suitable cultivation areas and formulating management plans. 

The AUC values tested by the Maxent model were more than 0.7, which showed a 

good fit of the used model (Philips et al., 2006; Wei et al., 2020; Xu et al., 2020). In this 

study, the mean AUC value for the Maxent models was 0.857, indicating that the model 

had good predictive accuracy. Moreover, the prediction result and the actual distribution 

of T. chinensis remained consistent in China. 

Under the current climate, T. chinensis had a wide but sporadic distribution in China. 

This model was consistent with the previous occurrence records that located in Liaoning, 

Jiangsu, Shandong, Hebei, Anhui, Henan, and some regions of Shanxi and Gansu etc. 

(Sun et al., 2020). There are only small differences between the applied scenarios in 

terms of the predicted area suitable for T. chinensis but this could be the reason for the 

high adaptability of the species. Our results showed that the total potential distribution 

area of T. chinensis was about 191.38×104 km2
 under current climate, in which the 

highly suitable areas were mainly distributed in the middle and lower reaches of the 

Yellow River and the eastern coastal regions. 

In the current model, according to the contribution proportions of environmental 

factors and the jackknife test, annual mean temperature, precipitation of wettest quarter, 

annual mean UV-B and elevation were the most important factors affecting the 

distribution of T. chinensis. Studies have showed that the distribution of T. chinensis 

was largely affected by mean temperature of coldest quarter and precipitation of 

warmest quarter (Sun et al., 2020). Populations with rich genetic diversity usually 

existed at lower altitudes, in warmer habitats, and in eastern regions nearer to the sea 

(Sun et al., 2019). The model species has a wide adaptation capacity. It is confirmed by 

the wide range of the analysed environmental variables. The maximum acceptable mean 

temperature is approximately three times higher than the minimum and the differences 

in the precipitation of the wettest quarter is approximately fourfold. 

Temperature affects the seed germination of T. chinensis, and it showed that an 

extremely cold (<5℃) and high temperature (>45℃) were found to be unfavorable for 

seed germination (Wang et al., 2006). The precipitation of wettest quarter (Bio16) is 

from 116 to 1086mm, which showed that an extremely dry climate was not suitable for 

this species. This was consistent with the result of a study that the occurrence of 

Tamarix spp. was positively correlated to precipitation of the warmest quarter (Cord et 

al., 2010). Previous study has also shown that the soil moisture was the main 

environmental factor that affected the distribution of Tamarix gansuensis (Zhao et al., 

2018). Water is a basic requirement for seed. Seeds of T. chinensis are light and small, 

with hairs on the epidermis, making them highly suited to dispersal to different 

distances by water. In summer, the seeds of T. chinensis usually germinate within 24 h 

in moist soil, even when afloat seedlings could survive submerged for a few weeks 

(Jiang et al., 2012; Jiao et al., 2021). In addition, the groundwater affects the leaf 
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photosynthetic efficiency of T. chinensis by significantly impacting the soil water 

content within the distribution range of the root system (Xia et al., 2020). 

In this study, the elevation and UV-B radiation were also the important factors 

affecting the distribution of T. chinensis. According to the response curves (existence 

probability > 0.70), the highly suitable elevation value was from 0 to 171 m. This is in 

accordance with previous results (Song et al., 2010; Sun et al., 2016), in which 

populations existed in eastern regions nearer to the sea, where are characterized by low 

elevation. UV-B radiation has a significant influence on the growth and performance of 

terrestrial plants (Garcia-Corral et al., 2017; Díaz- Guerra et al., 2019). It may can lead 

to changes at the cellular and organismal scales, inducing a variety of morphological, 

physiological, and molecular responses in plants (Valle et al., 2020). However, little is 

known about how T. chinensis respond to UV-B radiation. 

With global warming, most species may generally migrate to higher latitudes and 

elevations (Zhang et al., 2018; Peng et al., 2019). A study in the northeastern United 

States revealed that the distribution of forests was shifting northward with climate 

change (Wang et al., 2017). High-alpine species are expanding their range to higher 

altitudes in respond to climate change (Rumpf et al., 2018). Consistently, the core 

distribution of T. chinensis showed a westward-shifting trend under SSP126 and a 

northward-shifting trend under SSP585. New suitable habitats would appear in the 

southern sector of Inner Mongolia, the northern Shanxi and Liaoning. Overall, the 

centroids of suitable habitat shifted was higher than the current area, which indicated 

that T. chinensis will be able to adapt to climate change. 

Under the SSP126 scenario, we predicted suitable habitat range of T. chinensis 

increased in 2050 followed by decreased in 2070. The predicted increase and decrease 

in the suitable habitat is almost the same, this indicates that the restructuration of the 

habitats is predicted but large changes in the overall distribution are not expected. Under 

the SSP 585 scenario, suitable habitat range was predicted to decrease with the 

increased intensity of global warming, which suggested T. chinensis could not benefit 

from global warming. A continuous rise in temperature might had a negative effect on 

plants (Xu and Xue, 2013; Zhang, 2018). Losses in suitable areas may be at great risk of 

soil salinization and aridification under global warming (Sun et al., 2020). The habitat 

suitability of T. chinensis was affected not only by environmental factors, but also by 

intraspecific facilitation, wind dispersal of seeds and human activities. The intensive 

dispersal and germination in the short term resulted in habitat fragmentation (Jiao et al., 

2021). Additionally, unsustainable land use and management could lead to a decrease in 

suitable habitat of T. chinensis. 

Generally, assessment of habitat suitability plays an instructional role for the 

identification of future suitable areas and cultivation of T. chinensis. In this study, the 

moderate and high suitable areas should be given priority for cultivation of T. chinensis. 

In addition, new habitats in higher latitudes and elevations in the future such as 

Liaoning province, the southern sector of Inner Mongolia province and north of Shanxi 

should also be considered as suitable habitats for T. chinensis introducing. 

Conclusions 

To assess the impact of climate change on the distribution of T. chinensis, we 

modeled the current and future potential distribution using the Maxent model based on 

the latest CMIP6 data. Annual mean temperature, precipitation of wettest quarter, 
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annual mean UV-B and elevation were the most important factors affecting the 

distribution of T. chinensis. Under the SSP126 scenario, we predicted suitable habitat 

range of T. chinensis increased in 2050 followed by decreased in 2070; however, under 

the SSP585 scenario, we predicted that the suitable habitat range would decrease with 

the increased intensity of global warming. Overall, the core distribution of T. chinensis 

showed a westward-shifting trend under SSP 126 and a northward-shifting trend under 

SSP 585. The predicted spatial and temporal shift patterns of T. chinensis will provide a 

useful reference for assessing the suitable cultivation areas and sustainable resource use 

of T. chinensis. 
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APPENDIX 

 

Figure S1. The omission rate for training and test samples, and predicted area as a function of 

the cumulative threshold 

 

 

Figure S2. The curve of receiver operating characteristic for the training and test data 
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Table S1. Environmental variables were chosen to model the potential geographic distribution of Tamarix chinensis 

Code Environmental variables Unit Source 

Bio1 Annual mean temperature ℃ http://www.worldclim.org/ 

Bio2 Mean diurnal range ℃ http://www.worldclim.org/ 

Bio3 Isothermality (BIO2/BIO7) (×100) ×100 http://www.worldclim.org/ 

Bio4 Temperature seasonality (standard deviation ×100) ×100 http://www.worldclim.org/ 

Bio5 Max temperature of warmest month °C http://www.worldclim.org/ 

Bio6 Min temperature of coldest month °C http://www.worldclim.org/ 

Bio7 Temperature annual range (BIO5-BIO6) °C http://www.worldclim.org/ 

Bio8 Mean temperature of wettest quarter °C http://www.worldclim.org/ 

Bio9 Mean temperature of driest quarter °C http://www.worldclim.org/ 

Bio10 Mean temperature of warmest quarter °C http://www.worldclim.org/ 

Bio11 Mean temperature of coldest quarter °C http://www.worldclim.org/ 

Bio12 Annual precipitation mm http://www.worldclim.org/ 

Bio13 Precipitation of wettest month mm http://www.worldclim.org/ 

Bio14 Precipitation of driest month mm http://www.worldclim.org/ 

Bio15 Precipitation seasonality (coefficient of variation) mm http://www.worldclim.org/ 

Bio16 Precipitation of wettest quarter mm http://www.worldclim.org/ 

Bio17 Precipitation of driest quarter mm http://www.worldclim.org/ 

Bio18 Precipitation of warmest quarter mm http://www.worldclim.org/ 

Bio19 Precipitation of coldest quarter mm http://www.worldclim.org/ 

Alt Elevation m http://www.gscloud.cn/ 

Slop Slope ° http://www.gscloud.cn/ 

Asp Aspect ° http://www.gscloud.cn/ 

T_OC Topsoil organic carbon % weight http://globalchange.bnu.edu.cn/research/soil2） 

T_PH_H2O Topsoil pH (H2O) -log(H+) http://globalchange.bnu.edu.cn/research/soil2） 

T_TEB Topsoil TEB cmol/kg http://globalchange.bnu.edu.cn/research/soil2） 

T_USDA_TEX_CLASS Topsoil USDA texture classification name http://globalchange.bnu.edu.cn/research/soil2） 

UVB1 Annual mean UV-B J m-2 •day-1 http://www.ufz.de/gluv/ 

UVB2 UV-B seasonality J m-2 •day-1 http://www.ufz.de/gluv/ 

UVB3 Mean UV-B of lightest month J m-2 •day-1 http://www.ufz.de/gluv/ 

UVB4 Mean UV-B of lowest month J m-2 •day-1 http://www.ufz.de/gluv/ 
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Table S2. Correlation matrix between fourteen variables used in ENM test 

Variables BIO1 BIO7 BIO14 BIO15 BIO16 T_OC PH TED USDA UVB1 UVB2 ALT aspect slope 

BIO1 1              

BIO7 -0.436 1             

BIO14 0.625 -0.575 1            

BIO15 -0.533 0.3719 -0.601 1           

BIO16 0.586 -0.6599 0.749 -0.267 1          

T_OC -0.131 -0.1359 0.070 0.015 0.12312 1         

PH 0.005 0.3579 -0.301 0.128 -0.30525 -0.20534 1        

TED 0.033 0.289 -0.199 0.065 -0.24648 0.01339 0.70543 1       

USDA -0.368 0.2813 -0.442 0.260 -0.44138 -0.19742 0.02345 -0.20844 1      

UVB1 -0.304 -0.5243 -0.060 0.025 -0.06985 0.16508 -0.33669 -0.26159 0.14413 1     

UVB2 -0.684 0.033 -0.469 0.258 -0.57147 0.10392 -0.10055 -0.07518 0.36433 0.77752 1    

ALT -0.354 -0.098 -0.185 0.132 -0.18525 0.0849 -0.12141 -0.10272 0.15216 0.44031 0.46335 1   

aspect -0.005 0.001 0.014 -0.017 0.01001 0.00802 -0.0061 0.00805 -0.00922 0.00507 -0.00247 0.00348 1  

slope -0.03967 -0.02251 -0.01261 -0.00861 -0.00473 0.00144 -0.05172 -0.04079 0.01934 0.0515 0.04312 0.03414 0.09452 1 

 


