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Abstract. 
Cunninghamia konishii Hayata is a rare and endangered plant species that plays a relevant role in ecological and 

commercial systems of natural forests in Vietnam. In this research, we evaluated the potential geographic distribution of 
C. konishii under current and future climatic conditions in Northern Vietnam using the ecological niche modelling ap-
proach based on the largest available database of occurrence records for this species. C. konishii is mainly distributed in 
the northern part of Vietnam at altitudes above 1000 m where the slopes range between 12 and 25 degrees, particularly 
in special-use and protected forest. The optimal distribution area of C. konishii requires specific climatic conditions: an 
annual precipitation around 1200 mm, precipitation of the warmest quarter ranging from 600 to 800 mm, a precipitation 
seasonality of 90 to100 mm, an annual mean temperature ranging from 12°C to 19°C, and a temperature seasonality 
ranging from 300 to 350. Additionally, the species requires specific soil groups:  humic acrisols, ferralic acrisols, and 
yellow-red humic soils. Considering these requirements, the results of our research show that the suitable regions for the 
growth of C. konishii are found in the provinces of Ha Giang, Son La, Thanh Hoa and Nghe An, covering a total area of 
1509.56 km2. However, analyzing the results under the Community Climate System Model version 4 (CCSM4) model, it 
is possible to observe that the area will decline to 504.39 km2 by 2090 according to RCP 2.6 scenario, to 406.25 km2 in 
the RCP 4.5 scenario, and to 47.62 km2 in the RCP 8.5 scenario. The findings of this present research may be applied to 
several additional studies such as identifying current and future locations to establish conservation areas for C. konishii.
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Introduction
Cunninghamia konishii Hayata (Luanta –fir) is 

distributed in Northern and central Taiwan, in China 
(Fujian), in Northern Laos and in Vietnam (Thi et al. 
2016). In Vietnam, the species occurs naturally and it 
forms nearly pure or mixed populations with broad-
leaf trees, conifer tropical and subtropical moist for-
est in Ha Giang, Son La, Thanh Hoa, Nghe An (Thi 
et al. 2015). Luanta-fir is an economically valuable 
species and it has been exploited through time to 
obtain wood, oil and pharmaceuticals (Chung et al. 
2004, 2009; Pham et al. 2010; Thi et al. 2015, 2016; 
Tran et al. 2015; Kodrul et al. 2018). During the last 
decades, unprecedented anthropogenic disturbances 
in tropical forests have caused severe degradation of 
the natural habitat of C. konishii (Chung et al. 2004). 

In addition, this is has been shown that C.konishii 
Hayata has a low capacity of natural regeneration 
(Pham et al. 2010), therefore it is listed as critical-
ly endangered in the Vietnam Red Book, 2007 (Ban 
et al. 2007) as well as in the International Union for 
Conservation of Nature’s Red List (IUCN Red List) 
urging for immediate protection measures (IUCN 
2020).

One of the main objectives of today’s forestry 
studies and management is the protection of biodi-
versity. Understanding the basic requirements of liv-
ing habitats and distribution of each species is a top 
priority for conservation programs and action plans. 
Developing an understanding of the geographic dis-
tribution of tree species can provide important sourc-
es of information for conservation practices that seek 
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to preserve the biodiversity of ecosystems (Dunckel 
et al. 2015). These pieces of information can also be 
used to determine suitable areas aiming to protect 
habitats through the management of natural reserves. 
Moreover, these management practices are import-
ant due to the fact that impacts of climate change on 
biodiversity are threatening the existence of natural 
species. Climate change has greatly influenced the 
large-scale distribution of species, and future climate 
change will also change the habitat, the range, and 
the distribution of many more species (Wang et al. 
2018). Future geographical distribution of species, 
which would be strongly impacted by global warm-
ing and climate change, is uncertain. Therefore, de-
termining whether climate change will affect the suit-
able habitat for C. konishii presents a critical problem 
linked to its ecological significance and to its eco-
nomic value.

Species distribution modelling (SDM) is an in-
strument that can help us to understand more about 
the distribution of species (Tran et al. 2018). SDM 
has become a valuable tool for assessing habitat suit-
ability and resource conservation to protect import-
ant plant species and to predict suitable cultivation 
regions (Kamyo & Asanok 2020). SDM is widely 
applied to analyze potential distribution of endan-
gered species and to predict changes of species dis-
tributions under different climate change scenarios 
(Urbina-Cardona et al. 2019). Species distribution 
modeling includes biophysical correlation mod-
el, climate element index method, generalized lin-
ear model (GLM), multivariate adaptive regression 
splines (MARS), genetic algorithm for rule-set pro-
duction (GARP), maximum entropy (MaxEnt) and 
boosted regression trees (Sharma et al. 2018). Max-
Ent was derived from maximum entropy theory, and 
it is one of the most used tools for species distribu-
tion modeling since the past decade. Compared with 
similar models, MaxEnt is widely preferred because 
it only needs current data of the species as input data, 
it develops accurate spatial environmental suitability 
maps for species, it assesses the importance of en-
vironmental variables for species distribution and it 
can make use of both continuous and discrete vari-
ables simultaneously as input data (Phillips et al. 
2006; Kamyo and Asanok 2020).

In Vietnam, C. konishii has been studied so far 
through conventional field and laboratory approach-
es, mainly focusing on morphological characteristics, 
growth of seedling tree, genetic traits and chemical 
composition of the essential oil (Pham et al. 2007, 
2009; Ngoc & Quang 2012; Thi et al. 2015, 2016; 

Ngoc & Thi 2017; Thanh et al. 2017; Ngoc & Thi 
2018). The local distribution and some ecological 
characteristics of Luanta fir have been investigated 
in the Pu Hoat Nature Reserve of Vietnam (Thi et al. 
2016). Until now, no attempt has been made to ad-
dress the ecological requirements and the geograph-
ical distribution of C. konishii on a broader scale. In 
this study, we propose the use of maximum entropy 
techniques to predict the potential distribution of Lu-
anta fir. The specific aims of this research are to (1) 
evaluate the geographical distribution of C. konishii, 
(2) to determine the relevant environmental factors 
influencing the species distribution, (3) to discuss the 
variations of suitable habitat under projected climate 
change conditions, and (4) to recommend conserva-
tion priority areas for future management actions. We 
believe that the results of this study may be used to 
determine suitable areas for C. konishii, and to pro-
tect the habitats through the management of natural 
reserves.

Materials and Methods

Species occurrence and environmental data
The occurrence locations of C. konishii were col-

lected during a field survey across Northern Vietnam 
between 2018 and 2020 as the main goal of a project 
funded by Vietnam – Russia Tropical Centre, while 
the geographical coordinates were recorded using a 
Garmin GPS 76 handset (Fig. 1). The data were fil-

Figure 1: Cunninghamia konishii Hayata species. Photo 
credits: Mai Phuong Pham
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tered to remove any unreliable locality or uncertain 
species location which were found approximately 
less than 1 km away from each other, totaling 147 
records across the four provinces (Ha Giang, Son La, 
Thanh Hoa, Nghe An) and resulting in a detailed dis-
tribution map (Fig 2). All records were imported into 
Microsoft Excel and saved as “.CSV” format. The 
latter was used as the input file for MaxEnt. Addition-
ally, three types of variables were used in this study, 
including topographical variables (DEM, slope, and 
aspect, distance to river), bioclimatic variables, soil 
type, land-use, and vegetation data.

We used 19 bioclimatic variables provided by 
the World Climate Database (http://worldclim.org) 
with 1 km of spatial resolution which were measured 
on the basis of monthly meteorological records from 
1970 to 2000. The topographic variables, including 
elevation, slope and aspect, have the same resolution 
as the bioclimatic variables. The elevation layer was 
downloaded from the SRTM website (http://srtm.csi.
cgiar.org). The slope and the aspect of the DEM data 
were derived using “spatial analysis” tools ArcGIS 
desktop and projected to WGS 1984 UTM zone 48 
North. The distance from the river layer was extract-
ed from the information of land use data, based on 
Euclidean Distance Tool in ArcGIS 10.2.

Land use data were retrieved from the 2016 
National Forest Inventory of the Vietnam Admin-
istration of Forestry containing several major types 
of land uses, e.g., cropland, forest, grassland, value 
shrubland, urban fabric, water surfaces. Moreover, 
provided that tree cover is an important attribute for 
many plant and animal species, we retrieved it from 
GFW - Global Forest Watch database (http://global-
forestwatch.org). In this research, the soil groups 
used for the purpose of this analysis were extracted 
from the National Soil Maps of Vietnam of Minis-
try of Natural Resources & Environment. According 
to the Vietnam National ISO (TCVN 8409:2012) on 
agricultural production, land evaluation, and instruc-
tion for land use and planning, the area analyzed for 
this research includes 50 soil groups: yellow-brown 
soils, igneous rocks, yellow-red clay stones and met-
amorphic rocks, brow-yellow ferralic soils and allu-
vium soils, all featuring the same resolution as the 
previously mentioned environmental variables.

For future climate scenarios we used the CCSM4 
climate change modeling data under the Represen-
tative Concentration Pathway (RCP) 2.6–2050s, 
RCP 2.6–2070s, RCP 8.5–2050s and RCP 8.5–2070s 
scenarios released by the IPCC Assessment Report 

Figure 2: Distribution records of Cunninghamia konishii 
Hayata in Northern Vietnam

5 (AR5). Global Circulation Model CCSM4 was se-
lected because it had been previously used to predict 
climate change impacts in Vietnam (Lima-Ribeiro 
2015, Thuc et al. 2016). We used the same soil and 
vegetation data to run the analysis for future climate 
change scenarios.

Data Processing
The environmental parameters were rescaled on 

30″ grid (with cell size: 1 km) identical to the one of 
the bioclimatic data set. We used Spearman’s rank 
correlation to examine the cross-correlation and we 
removed highly correlated bioclimatic factors (Pear-
son’s |r| > 0.9) to avoid multicollinearity of variables. 
The bioclimatic variables used to run the models are 
the following: average annual temperature (Bio1), 
Mean diurnal range (Bio2), Temperature Seasonality 
(Bio4), Temperature Annual Range (Bio7), Annual 
precipitation (Bio12) precipitation of driest month 
(Bio14), Precipitation Seasonality (Bio15) and Pre-
cipitation of the warmest quarter (Bio18) (Fig.S.1). 
In addition, topography, soil and land use factors 
were used for further analysis and modelling (Table 
1).

http://worldclim.org
http://srtm.csi.cgiar.org/
http://srtm.csi.cgiar.org/
http://globalforestwatch.org
http://globalforestwatch.org
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Current and future distribution of Luanta fir was 
produced with the use of the maximum entropy mod-
el in MaxEnt 3.3 software (Phillips et al. 2006). The 
final potential species distribution is shown on a map 
where the pixels represent the environmental suit-
ability levels, and the values range from 0 (not suit-
able) to 1 (highly suitable) in an ASCII file (*.asc). 
The suitability level was subsequently divided into 
four classes of potential habitats, including: high 
potential (>0.6), moderate potential (0.4 – 0.6), low 
potential (0.2 – 0.4), and not potential (< 0.2) (Zhang 
et al. 2018).

The area under the response curve (AUC) was 
used under application of the receiver operating char-
acteristic (ROC) model to determine the precision of 
the species potential distribution model. The AUC 
value ranges from 0 to 1, where AUC value >0.7 is 
adequate; >0.8 means good; and > 0.9 indicates ex-
cellent performance (Yang et al. 2020).

Finally, we used SDM toolbox 2.0 (Brown,  
2014) to determine the effects of climate change on 
the geographic distribution of Luanta fir for the years 
2050 and 2070.

Results and Discussion

Evaluations of the model and its importance 
under current climatic condition

According to the theory, an AUC scoring higher 
than 0.5 means that the model performs better than 
a random estimate. Thus, the obtained 0.987 AUC 
value proved the sensitivity of the model (Fig S.2). 

These results showed that the performance of the 
model was very good and appropriate to evaluate the 
performance of a niche model, given that it exceeded 
a value of 0.75 (Elith et al. 2006). Therefore, the cur-
rent distribution of C. konishii, that is characterized 
by the selected variables, is excellent. The MaxEnt 
Jackknife tests show the relative contribution of each 
predictive variable for C. konishii distribution model 
(Fig.S.3). The Jackknife test results showed that three 
environmental variables affected the species distribu-
tion the most, and they could be listed in order from 
the most to the least effective as it follows: land el-
evation (ELEV, 28.5%), land use (LAND, 16.2%), 
forest cover (TREE, 16%), soil group (SOIL, 9.2%), 
slope (SLO, 8.9%), temperature annual range (BIO7, 
7.2%), and temperature seasonality (Bio4, 4.4%). 
Considering the permutation importance, the eleva-
tion variable had the highest impact on the habitat 
model, and it contributed for 19.3%, while forest 
cover, slope, annual mean temperature (Bio1) and 
land use respectively contributed for 17.8%, 11.3%, 
10.9% and 10.1%.

The response curves of the fifteen contributors 
for the C. konishii distribution are shown from Fig-
ure.S.3 to Figure.S.7. Each response curve depicts 
the relationship between each environmental vari-
able and the logistic probability of presence. Accord-
ing to the response curves of topography variables, 
the most suitable elevations were above 1000 m and 
no reduction in suitability was found at higher ele-
vations, whereas the suitable slopes were above 12 
degrees with an optimum at about 25 degrees, and 

Category Environmental predictors Code Unit Data Scale Range value

Topography Aspect ASP Degree Continuous 0-360
Slope SLO Degree Continuous 0-34

Elevation ELEV meter Continuous 0-2730
Distance to river RIVER meter Continuous 0-100000

Soil Soil type SOIL Categorical 50 classes
Land use Forest cover TREE Percent Continuous 0-100

Land use type LAND Categorical 48 classes
Climate Annual Mean Temperature Bio1 Celsius degree Continuous 11.44-24.63

Mean Diurnal Temperature Range Bio2 Celsius degree Continuous 5.3-9.55
Temperature Seasonality Bio4 Continuous 285.32-501.47

Temperature Annual Range Bio7 Celsius degree Continuous 16.4-21.1
Annual Precipitation Bio12 Millimeter Continuous 1178-2335

Precipitation of the Driest Month Bio14 Millimeter Continuous 2-38
Precipitation Seasonality Bio15 Continuous 78.27-107.18

Precipitation of warmest quarter Bio18 Millimeter Continuous 398-1379

Table 1: Environmental predictors used for modelling the habitat suitability of Cunninghamia konishii Hayata
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the suitable aspect ranged from 0 to 50 degrees of 
north and northeast. The curves of suitable habitats 
have increased with the increasing distance from the 
river, and they have reached the optimum at distance 
above 80 km (Fig.S.4). These results are relevant if 
compared to previous findings showing that most of 
C. konishii are located at 1120 - 1385 m, north-facing 
slope ranging from 15 to 25 degrees in the Pu Huong 
Nature Reserve, in the Nghe An province of Vietnam 
(Thanh et al. 2017). While Thi et al. (2016) showed 
that most of C. konishii is found at altitudes ranging 
from 1180 m to 2320 m, on high slopes from 35 - 45 
degrees in the Pu Hoat Nature Reserve, in the Nghe 
An province of Vietnam. Moreover, the high altitude 
from 1200 m to 2700 m shows the good phenotype 
performance for the growth of C. konishii in Taiwan 
(Chung et al. 2004, Chung et al. 2009).

Regarding the temperature variables, we ob-
tained the thresholds (existence probability above 
0.4) for the main bioclimatic parameters. The ranges 
of environmental suitability with respect to the bio-
climatic variables are shown below: Annual mean 
temperature (Bio1) ranged from 12°C to 19°C; Mean 
diurnal temperature (Bio2) ranged from 7-9°C; tem-
perature seasonality (Bio4) ranged from 300 to 350; 
temperature annual range (Bio7) ranged from 16-
17.5°C. Additionally, the probability presence of C. 
konishii tends to decrease with the increase of Bio1, 
Bio4 and Bio7 (Fig S.5). Based on the precipitation 
variables, we elaborated the graphic suitability (Fig 
S.6) which was found to be related to: the annual 
precipitation (Bio12), the precipitation of the driest 
month (Bio14) which are respectively below 1200 
mm and 5 mm. While the suitability decrease related 
to: precipitation seasonality (Bio15) ranging from 90 
to 100 mm, and to the precipitation of the warmest 
quarter (Bio18) ranging from 600 to 800 mm.

The tolerance of a particular range of tempera-
tures and the precipitation are among the most im-
portant features used to explain the latitudinal dis-
tribution of a species. Especially, cold tolerance, 
growth-season temperatures, and available water 
supply are the main environmental indexes that in-
fluence the distribution of alpine vegetation (Wood-
wand 1987). C. konishii generally grows in tropical 
monsoon climate at submontane elevations with 
a mean annual temperature of 15-18°C, and 4-6°C 
during cold months, a mean annual precipitation 
around 1800 mm, and dry periods of 0-3 months 
(Pham et al. 2010). Variations in temperature affect-
ed growth, flower bud differentiation, seed dormancy 

and germination of C. konishii (Ngoc & Thi 2018). 
Furthermore, the flower pollination period generally 
takes place from January to March, while seed ma-
turity occurs from January to April of the following 
year (Loc et al. 2017). The seeds can germinate in a 
suitable environment when they fall to the ground. 
Adverse meteorological events during flowering 
from January to March, such as low temperature, 
can cause severe freezing injuries to flower buds. 
Moreover, low and high temperature, drought, and 
waterlogging during the young fruit-growing period 
will cause fruit drop. The above-mentioned evidence 
revealed that temperature and sufficient water are 
required for the regular growth and reproduction of 
the plant. Thus, the environmental variables that we 
used are efficient and reliable to predict a suitable 
habitat distribution map for this target species. Previ-
ous research has shown that the 19 bioclimatic vari-
ables are useful and widely used for species distribu-
tion model (Guo et al. 2018), and contrary to these 
findings, in this study we could not prove that the 
dominant bioclimatic variables describe the habitat 
requirements of C. konishii. The results that we ob-
tained from the maximum entropy modeling demon-
strated that elevation played a critical role in shaping 
the distribution, compared to climatic (temperature, 
precipitation) factors considered in this study. 

Following, land use, forest cover and soil vari-
ables showed to be consistent with previous studies 
suggesting that elevation was one of the most import-
ant environmental variables determining plant distri-
bution such as Dipterocarpus alatus and Hopea odo-
rata (Asanok et al. 2020, Kamyo & Asanok 2020). 
On the one hand, topographical variables derived 
from DEM such as slope and aspect can show a pos-
itive correlation with the elevation variable (Evcin 
et al. 2019). Slope and aspect have played import-
ant roles in the microclimate of narrow-range species 
(Moustafa et al. 2001). One the other hand, changes 
in the condition of land surface (elevation, slope and 
aspect) lead to changes in soil properties (Badía et al. 
2016, Guo et al. 2018), temperature (Revadekar et 
al. 2013), monthly precipitation, forest structure and 
composition (Smith 2008), which indirectly affect 
plant growth and are the main drivers for the surviv-
al and persistence of mountain plant species (Oke & 
Thompson 2015). 

Moreover, the species distribution was based on 
forest cover (Fig S.7). The suitable distribution area 
of the species reaches the optimal level when there 
is 100% forest cover. In the response curves of the 
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land use type, variables show the highest occurrence 
probability in special-use forests and protected for-
ests where we observed a high percentage of forest 
cover (Table S2). The probability presence in spe-
cial-use forests and protection forests  is more than 
0.4 while when we consider others land use the prob-
ability presence is below 0.1. Most of original forest 
of C. konishii have disappeared due to the persistent 
impacts and pressure of the rural population on old 
growth forest. Hence, nowadays, only few remaining 
individuals were found in primary forests or close to 
native areas: as previously mentioned, in protected 
forest or in special-use forest, e.g., Xuan Lien Na-
ture Reserve, Pu Mat National Park, Pu Huong Na-
ture Reserve, Tay Con Linh and Du Gia mountains in 
Vietnam (Pham et al. 2010).

Additionally, the response curve related to group 
of soils shows that C. konishii grows predominantly 
in the presence of four soil groups, including Humic 
Acrisols (0.73% of probability presence), humus yel-
low-red soil on granite (0.63% of probability pres-
ence), Ferralic Acrisols (0.59% of probability pres-
ence) and humus yellow-red soil on shale (0.42% 
of probability presence) (Table S3). The results lead 
to similar conclusion where Cunninghamia konishii 
grows on Ferralic Acrisols-(Xfa) and Humic Ac-
risols-(Xha) in the Pu Hoat Nature Reserve, in the 
Nghe An province (Thi et al. 2016). 

Current potential distribution of C. konishii
The results of the simulation of C. konishii eco-

logical suitability area are shown in Figure 3. The 
targeted area was 120.67 km2 high, 352.67 km2 mod-
erate and 1036.22 km2 low. Suitability areas for spe-
cies are scattered in the provinces of Ha Giang, Son 
La, Thanh Hoa and Nghe An. Furthermore, the high 
potential suitable area of C. konishii is concentrat-
ed in small areas of the two provinces of Ha Giang 
and Nghe An, covering a total area of 10.9 km2 and 
109.77 km2, respectively (Table 2). In this study, the 
results obtained with MaxEnt were noticeably simi-
lar to the real spatial distribution pattern of C. kon-
ishii forests. The habitat regions of C. konishii are 

small and show noncontinuous, patchy and mosaic 
distribution forms. The results are comparable with 
those of previous studies showing that in Vietnam, C. 
konishii individuals have been observed in Ha Giang, 
Thanh Hoa, Son La and Nghe An provinces, in dense 
subtropical forest, mixed with Fokienia hodginsii, 
Dacrydium pierrei, and Quercus bambusaefolia (Sau 
1996). Additionally, the species under study is found 
in broadleaf forests and subtropical coniferous for-
ests and where it is mainly concentrated along the 
border between Lao PDR and Vietnam. C. konishii 
matrix is usually mixed with species of families like 
Lauraceae, Clusiaceae, Elaeocarpaceae, Fagaceae, 
Theaceae, etc. (Thanh et al. 2017). 

Place Low potential 
(km2)

Moderate potential
 (km2)

High potential 
(km2)

Ha Giang 343.33 77.85 10.9
Nghe An 574.55 266.26 109.77
Son La 65.4 0.78 0

Thanh Hoa 52.94 7.79 0
Northern Vietnam 1036.22 352.67 120.67

Table 2: Predicted potential distribution areas for C. konishii under current climatic conditions

Figure 3: Potentially suitable climatic distribution of 
Cunninghamia konishii under current climate condition in 
Northern Vietnam
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Model evaluations and the importance of the 
variables under different scenarios

The AUC values for 2050s RCP 2.6, 2070s RCP 
2.6, 2050s RCP 4.5, 2070s RCP 4.5, 2050s RCP 8.5, 
and 2070s RCP 8.5 were respectively 0.989, 0.987, 
0.987, 0.988, 0.989 and 0.987, indicating that the 
expected findings were very accurate. Based on the 
jackknife test of variable importance, the percentage 
contribution values of each ecological factor were 
obtained (Table S1). According to the Jackknife the 
test, for all the scenarios we analyzed, the distribu-
tion of C. konishii is mainly influenced by the ele-
vation: the elevation variable contributed by 20.2% 
to 32.5% of importance in the distribution analysis. 
While other factors as slope, Bio4, land use, forest 
cover and soil group contributed below 20% in the 
prediction model.

Future predictions and potential distributions 
of C. konishii

For the years 2050 and 2070, the geographical 
distribution of C. konishii varied compared to the 
present one (Table 3). These results show that in the 
years 2050 and 2070 of both scenarios, the suitable 
habitat areas of C. konishii will decrease. Under 
present climatic conditions, Northern of Vietnam 
has an area of ~1509.56 km2 where the C. konishii is 
possibly present; however, by 2050, they are reduced 
to ~108.96, ~372.34 and ~125.56 km2 under climatic 
scenarios RCP2.6, 4.5 and 8.5 respectively, while for 
2070 under the same scenarios, the areas of possible 
presence are ~504.39, ~406.25 and ~47.62 km2. En-
vironmental suitability maps and potential distribu-
tion changes for C. konishii for 2050 and 2070 are 
shown in Figures 5 and 6 where it is possible to see 
that the suitability area mainly concentrates on the 
western part of the region, in the Nghe An and Thanh 
Hoa provinces.

This indicates that habitat losses of C. konishii 
in the future may reach a critical status due to envi-

ronmental changes.  In line with our studies, other re-
searches showed that the geographical distributions 
of C. lanceolata and the total area of suitability will 
gradually decrease in the 2050s and 2070s (Li et al. 
2020). Climate change, and especially global warm-
ing, will lead to the migration of plant distribution 
due to the changes in temperature and precipitation 
patterns in different regions.

The distribution centroid changes of environ-
mental suitability of C. konishii for the future are 
shown in Figure 4. The results indicate that both 
the direction and the incidence of the changes differ 
among the climatic scenarios that were analyzed in 

Legend maps of 
changes

Changes in geographical distribution by year and climate scenario (km2)
2050 2070

RCP 2.6 RCP 4.5 RCP 8.5 RCP 2.6 RCP 4.5 RCP 8.5
Range expansion 1.44 52.68 6.49 60.61 31.75 0
No occupancy 140443.47 140392.24 140438.42 140384.30 140413.17 140444.92
No change 107.52 319.66 119.06 443.78 374.50 47.62
Range contraction 1402.04 1189.90 1390.50 1065.78 1135.06 1461.94

Table 3: Changes in future geographic distribution (2050 and 2070) (Km2) for C. Konishii due to climate scenario RCP 
2.6, 4.5 and 8.5.

Figure 4: Changes of environmental suitability centroid 
for Cunninghamia konishii for the years 2050 and 2070 in 
Northern Vietnam. The green, orange and red vectors indi-
cate the direction and magnitude of distribution changes 
under RCP scenarios 2.6, 4.5 and 8.5 respectively.
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this research. The distribution centroid of the current 
habitat is located at 104.618 E longitude and 20.376 
N latitude in the western part of the Thanh Hoa prov-
ince, in Vietnam. By 2050, the distribution centroid 
of the suitable future area would shift towards the 
southwest of Son La province under climate scenario 
RCP 4.5 and 8.5, and towards northwest of Thanh 
Hoa in the scenario RCP 2.6. In 2070, the distribution 
centroid of the suitable future area shifted towards 
the southern location. Considering scenarios RCP 4.5 
and 8.5, the centroid of the suitable future area moved 
towards the boundary between the Son La and the 
Thanh Hoa provinces. While under RCP 2.6-2070s, 
the distribution centroid would shift Northwest, to-
wards the border between the Nghe An province and 
Laos. One the one hand, the results indicated that the 
core distributional shift expressed a relatively high 
magnitude (~60 km) towards the North when tem-
peratures are high (RCP 4.5–2070s), and towards the 
South when temperatures are low (RCP 2.6–2070s), 
and it would readjust of about 45 km compared to the 
current distribution centroid. On the other hand, the 
distribution centroid towards the North, compared to 
the current centroid, was around 45 km under RCP 

8.5-2070s. Global warming will induce some species 
to migrate to higher latitudes or higher elevations 
in order to resist to climatic changes (Zhang et al. 
2018). Consistently, our prediction showed that cli-
mate change is shifting the distribution of C. konishii 
more towards the border between Vietnam and Lao 
PDR, nearby the Truong Son mountain which is lo-
cated at a higher elevation.

Conclusion
It is concluded that species distribution model-

ling has been extensively used to guide forest man-
agement under the threat of future global climate 
change. This study represents the first mapping re-
search of environmental and geographic distribution 
of C. konishii. According to our results and earlier 
biological information, we suggest that the distri-
bution of C. konishii is mainly driven by the effects 
of topographical factors (elevation, slope), by land 
use, forest cover and soil type, by temperature an-
nual range and temperature seasonality. Our results 
indicate that C. konishii growth is highly suitable in 
environments where we can find broadleaf forests 
and subtropical coniferous forests, growing at eleva-

Figure 5: Environmental suitability maps for Cunning-
hamia konishii by 2050 A1) RCP 2.6, A2) RCP 8.5 and 
changes in potential geographical distribution of Cunning-
hamia konishii by 2050 B1) RCP 2.6 and B2) RCP 8.5

Figure 6: Environmental suitability maps for Cunning-
hamia konishii by 2070 A3) RCP 2.6, A4) RCP 8.5 and 
changes in potential geographical distribution of Cunning-
hamia konishii by 2050 B3) RCP 2.6 and B4) RCP 8.5
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tions above 1000 m and featuring 15-25 degrees of 
slope. The suitability is particularly high where the 
soils are composed by humic Acrisols, humus yel-
low-red soil on granite, ferralic Acrisols and humus 
yellow-red soil on shale of Northern Vietnam. Under 
climate change scenarios, the habitat distribution of 
C. konishii would dramatically decline and the spe-
cies would be forced to migrate to higher elevations, 
hence towards the border between Vietnam and Lao 
PDR. Finally, the results of this research can provide 
a theoretical reference for the promotion and planta-
tions of C. konishii. The information on the medium 
and high-suitability areas distributed in the provinces 
of Ha Giang, Son La, Thanh Hoa and Nghe An, can 
be employed to undertake new conservation strate-
gies for both the plantation of new forests, and for 
the protection of the germplasm resources for correct 
management of protected areas. Finally, it is suggest-
ed that future research works should be focused on 
setting protective forest belts around relatively stable 
distribution area in order to preserve the growth of 
C. konishii.
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Rank
Probability 
 presence Land use Rank

Probability  
presence Land use

1 0.84
Rocky mountains in protection 

forest area 25 0.09 Land used for sport
2 0.67  Special-use forest 26 0.09 Urban
3 0.24 Protection forest  27 0.09 Mineral land

4 0.17 Unused mountainous land 28 0.09

 
Land for production of 

building materials
5 0.09 Paddy land 29 0.09 Industrial land use
6 0.09 Other annual crop land 30 0.09 Land for cultural facilities

7 0.09 Cemetery 31 0.09

 
 

Historical sites Land

8 0.09 Perennial crop land 32 0.09
 

Irrigation Land

9 0.09
Land for non-agricultural pro-

duction and business 33 0.09 Grass land used for livestock
10 0.09 Water surface land for fishing 34 0.09 Annual crop flat land

11 0.09 Homestead land 35 0.09
Land for growing perennial 

industrial crops
12 0.09 Security land 36 0.09 Perennial crop land
13 0.09 Upland rice 37 0.09 Others

14 0.09
Rivers and specialized water 

surfaces 38 0.09
 

Land for perennial fruit trees

15 0.09
 

Annual crop Upland l 39 0.09
 

Medical facility land
16 0.09  Defence land 40 0.08 Forest plantation land

17 0.09 Land of transport 41 0.00
 

Landfill
18 0.09 Other Paddy land 42 0.00 Land used for science
19 0.09 Unused flat land 43 0.00 Scenic land
20 0.09 Annual crop land 44 0.00 Land with diplomatic

21 0.09 Other agricultural land 45 0.00

 
Commercial and services 

Land

22 0.09
 

Aquaculture Land 46 0.00 Land for energy production

23 0.09 Specially used water land 47 0.00
 

Land for state offices

24 0.09 Land for production and business 48 0.00 Market land

Table S2. The probability presence of Cunninghamia konishii in relation to land use
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	 Rank Soil type* Probability presence Rank Soil type* Probability presence
1 A 0.73 26 RK 0.05
2 Ha 0.63 27 E 0.05
3 Hq 0.59 28 C 0.05
4 Hs 0.42 29 M 0.05
5 Fa 0.11 30 B 0.05
6 Fq 0.09 31 Pj 0.05
7 River 0.05 32 Pg 0.05
8 Rock 0.05 33 Mi 0.05
9 Hv 0.05 34 Mn 0.05
10 FL 0.05 35 Cc 0.05
11 Fs 0.05 36 SM 0.05
12 Hk 0.05 37 Fu 0.05
13 Py 0.05 38 Ru 0.05
14 Fv 0.05 39 Fe 0.05
15 D 0.05 40 py 0.05
16 Rv 0.05 41 fs 0.05
17 Rdv 0.05 42 Pc 0.05
18 P 0.05 43 pc 0.05
19 Fk 0.05 44 Rr 0.05
20 Fj 0.05 45 fk 0.05
21 Fp 0.05 46 a 0.05
22 Pb 0.05 47 Ba 0.05
23 Pf 0.05 48 Nu 0.05
24 bb 0.05 49 others 0.05
25 Fl 0.05 50 SON 0.05

Table S3. The probability presence of Cunninghamia konishii in relation to soil groups

*Soil classification according to the National Classification System
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Fig.S.1. Correlation matrix among bioclimatic variables

Fig S.2. ROC curve and AUC value under the current peri-
od (10 replicated runs). The current period was from 1950 
to 2000

Fig S.3. Relative predictive power of different environ-
mental variables based on the jackknife of regularized 
training gain in MaxEnt models for Cunninghamia kon-
ishii Hayata
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Fig.S.4. Cunninghamia konishii response curves in relation to topography variables
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Fig S.5. Cunninghamia konishii response curves in relation to temperature variables
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Fig S.6. Cunninghamia konishii response curves in relation to precipitation variables
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