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ABSTRACT. The suitability of land for C. konishii was evaluated using the analytic hierarchy process (AHP) method, which
included multiple criteria, such as elevation, soil, climate, and vegetation characteristics. 120 different sites of C. konishii were
studied and the model approximations were verified by a confusion matrix. The subsistence of C. konishii was mainly affected
by topographic features (elevation, slope) and soil (soil texture) conditions. 15 variables were selected for the ecological
analysis and construction of the land suitability map. They were combined into four main groups for weights approximation.
The weights obtained by AHP were calculated as follows: topographic features (65%), soil (21.3%), climate conditions (7.4%),
and vegetation type (6.3%). The total area with the highest suitability was estimated at 4, 6, 2 and 8% of the province area in
Son La, Ha Giang, Thanh Hoa, Nghe An, respectively. The suitable areas for planting were located in Mai Son, Muong La, Moc
Chau, Sop Cop districts of Son La province; Hoang Su Phi, Xin Man districts of Ha Giang province; Muong Lat district of Thanh
Hoa province; Que Phong, Ky Son, Tuong Duong, Con Cuong districts of Nghe An province. Nghe An province has the largest
suitable area for planting. The estimated AHP accuracy was 91.6%, which indicates that the approach is reliable for forestry
management. The current study will provide a ground to the local population for the selection of suitable lands, ensuring the
sustainability of natural resources, sustainable use and quality forest production.
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INTRODUCTION Farjon 2010; Jagel 2014). C. konishii is a large tree up to
40-50 m tall with monopodial growth and diameter

Cunninghamia R. Br. ex. ARich. is a monotypic  at breast height reaching 3-4.5 m (DBH). In Vietnam it
genus of the Cupressaceae family with only one known  is mainly distributed in Ha Giang, Son La, Thanh Hoa
species, namely Cunninghamia lanceolata (Lamb.)  and Nghe An provinces (Phan et al. 2009; Nguyen et al.
Hook., distributed in South-Eastern Asia (Lu et al. 1999; 2017; Thai et al. 2015). It can be found at elevations of
Chung etal.2004). Cunninghamia lanceolate var. konishii 1300 — 2800 m in Taiwan (Liang 2010), 1300 — 2000 m in
was first discovered in Taiwan, it was described as China, 900 — 2200 m in Laos (Averyanov 2014), 1000 —
Cunninghamia konishii Hayata and was later also found 1600 m in Vietnam (Phan et al. 2017). It grows on deep,
in Vietnam, Laos and continental China (Hayata 1908;  well-drained loams or loamy sand soil, but can also be
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found on weathered soils from granite or other silicate
originated rocks. It requires a moderately cold and moist
climate with precipitations above 4000 mm per year,
and an average annual temperature of 13-19 °C but can
tolerate up to 1.1-6.6 °C in some regions (Bigras 2001;
Farjon 2010, Nguyen et al. 2004; Nguyen et al. 2009). The
size of the natural population of C. konishii in Vietnam is
limited (Lu 2001; Lu et al. 2001; Nguyen 2009; Nguyen
et al. 2009, 2012; Phan et al. 2013) due to its fragrance
and outstanding durability in the timber industry
(Cheng et al. 2012). The commercial exploitation of
the species and cultivation is neglected to date (Farjon
2010). The natural population is declining due to the
felling of primal forests, although some part of it is
protected in nature reserves, and the species is treated
as endangered (Farjon 2010; Thomas, Yang 2013; Nga et
al. 2016). The species is included in the red list of IUCN
threatened species and Vietnam red data book 2007
(Decree 06/2019/ND-CP of Vietnam Government). It is
classified as an endangered, precious, and rare species.
Therefore, the areas of distribution, ecology, natural
active ingredients, phytochemicals and other possible
resources of C. konishii need to be explored for its
conservation.

The anthropogenic pressure on natural forests
is increasing every day due to the high demand for
timber and leads to the reduction of forest area.
To compensate for the high demand from limited
resources, efficient use of land can play a significant
role (Lubka 1982; Adeyoju 1983; Joyce 1981; Florence,
Carron 1983). Trees can be planted and grown under
different natural conditions; therefore, land evaluation
is necessary. The data required to test land suitability for
forest species depend on environmental parameters of
exact tree species such as their soil, natural conditions
and ecological requirements (FAO 1976, 1984). Olarieta
et al. (2006) stated that soil factors have a major
role in the growth of Pinus radiata. Dayawansa and
Ekanayake (2003) also stated that climatic, topographic,
and vegetation variables play important role in the
identification of land for forest production (Dayawansa,
Ekanayake 2003). Dengiz et al. (2010) estimated land
suitability for forests by providing maps of suitability
for each species. The researchers have also determined
land potential by evaluating the ecological suitability
criteria (Perpina et al. 2013). Suitability index and related
criteria are determined using complex methods based
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on Geographic Information System (GIS) called Multi-
Criteria Analysis (MCA) (Liu et al. 2007). This approach
is implemented by applying a complex geographic
information system (GIS) and the Analytic Hierarchy
Process (AHP) for land suitability assessment through
analysis of environmental parameters and provides
support for species conservation (Chen et al. 20071;
Draperetal.2003). GIS canalso be usedin the qualitative
assessment. Ylksel et al. (2001) studied the relationship
between soils and land use units through the detailed
soil map at Kenbag Nursery of Cankiri. The soil quality
and climate are the main factors that influence
productivity, among which, soil depth combined with
elevation factor is the most important (Romanya 2004).
The current study was designed to evaluate the
suitability of land in four provinces (Ha Giang, Son La,
Thanh Hoa, Nghe An) of Vietnam for C. konishii based
on GIS and AHP and to optimize protected areas. The
suitable lands on large scale for C. konishii were mapped
according to the ecological requirements including
topography, climate, soil and vegetation characteristics.

MATERIALS AND METHODS
Study area

The study focuses on the provinces of Ha Giang, Son
La, Thanh Hoa and Nghe An (Fig. 1), which include more
than 50% of the forest area in Vietnam (Fig. 7, General
Statistics Office of Vietnam 2019). Ha Giang province has
a temperate monsoon climate, which is colder than in the
Northeastern provinces of the country, but warmer than
in the Northwestern ones. Son La province is known for its
mountains characterized by a humid subtropical climate
with cold and dry winters, hot and humid summers, and
frequent heavy rainfalls. These areas have complex and
deeply divided topography, forming many sub-climatic
zones and special interzonal elements, which results in rich
biodiversity and high agroforestry production.

Nghe An province is known for its tropical monsoon
climate with two distinct summer and winter seasons
and some climatic peculiarities. From April to August, the
province is influenced by dry and hot southwest wind,
while in winter the climate is cold and humid due to the
northeast Pacific monsoon. Thanh Hoa province is situated
in the middle of North and Central Vietnam, which is
influenced by both regions including the «Laos Wind».

Fig. 1. Geographical location of the study areas
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Fig. 2. The scale used for generation of the pairwise comparison matrix (Saaty 1980

Table 1. Categories of land suitability index

Categories of land suitability Explanation Index
Suitability index 1 (highly suitable) Land unit is very favorable for C. konishii with no ecological limitations >80

Suitability index 2 (moderately suitable) Land unit is almost favorable for C. konishii with few ecological limitations 60-80

Suitability index 3 (marginally suitable) Land unit is marginally favorable for C. konishii with severe ecological limitations 30-60
Suitability index N (unsuitable) Land unit is almost unfavorable for C. konishii with severe ecological limitations <30

Data collection

The distribution of C. konishii was explored during July-
August of 2020. The longitude and latitude of the studied 120
locations of the C. konishii population were determined using
a global positioning system (GPS). After that, the location data
were incorporated into the geographic information system
(GIS). The data on ecological factors were investigated during
the field survey and determined using GIS. These factors

included (1) topographic factors (elevation, slope, distance to
nearest rivers and streams), (2) soil factors (soil type, texture and
layer thickness), (3) general climate factors (mean diurnal and
annual temperature range, annual precipitation, precipitation
of the driest month and driest quarter and warmest quarter,
sunshine duration of the growing month) and (4) vegetation
factors (vegetation type, tree coverage). All of them were
combined and considered as four main factors and 15 sub-
factors (Table 2).

Table 2. Criteria for delineating land suitability of C. konishii

. Categories . Overall
Criteria v\(/\i\l/%?t R Sub- criteria v\(/\i\l/%:]t weight CR
S SI2 SI3 N (W1 3XW2)
Elevation 1100-2000m 900-1100m 800-900m <800m 0746 0484
Topography | 0650 Slope > 450 30-45° 25-30° <25° 0134 0087 0022
Distance to streams 200-400m 400-600m 600-800m >800,<200m | 0.120 0078
: A Fs,Ha, Hag, Fa Fj,Fg,Fv,
Soil type Hs, Fi Fe, Fu Fo Other land 0090 0019
Soi 0213 Soil texture Loam Sandy loam Silty clay Loamy'sa nd, 0556 0119 0068
other sail types
Sail layer thickness >100cm 70-100cm 50-70cm <50cm 0354 0075
Mean diurnal range 6.7-87°C 5-66;88-10°C 101-12°C, <49,>121°C 0.162 0012
0087 | Annual temperature 14-16.7; 12-139; <119
range 1671970¢ 198-22°C 22-24°C >241°C 00391 0003
o 1000-1200; 900-1000; <900;
Annual precipitation | 1200-1700 mm 1700-2000 mm | 2000-2100 mm 52100 mm 0058 0004
Precipitation of driest 90 19 05-1 <05 0199 0015
Climate | 0074 month m mm o7 mm = mm ' : 0081
Precipitation ofdifest | 13 1y 10-13mm 810mm <mm | 0129 | 0009
quarter
Precipitation of 400-500; 300-400; <300;
warmestauarter | 200 1%0™MM 40001500 mm | 12001300mm | >1300mm | 2122 | 0009
Sunshine duration of 100-130; 160- 90-100; 180~ <90,>200
the growing month 130-160 (hours) 180 (hours) 200 (hours) (hours) 0292 0022
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Protection Production Plantation Other tvoes of
Vegetation type foreston forest on forest on e ettyazon 0.167 0011
Vegetation | 0063 | 0087 mountain mountain mountain 9
Tree coverage 90% 80-90% 70-80% <70% 0833 0053

A:Humus on high mountains

Fs: Red and yellow soil on clay and
metamorphic rocks

Ha: Red yellow humus on acid magma
rock

Hag: Light yellow humus soil on sandstone

basic magma

Topographic factor: Digital elevation model (DEM) data with
resolution 30x30m were downloaded from http://srtm.csi.cgiar.
org/ and included terrain elevation for the area from 103° 14'14"N
t018°30'52"N and 105°37'40"E to 23°31'25.5"E by World Geodetic
System 84. The surface analysis function in Arcgis 10.0 was used
to build an elevation and slope map. The data on the C. konishii
distribution along with updated river and streams data were used
to determine the distances to the nearest river. Soil data (soil type,
texture and layer thickness) were collected from the Soil map of
the studied provinces (with a scale of 1:100.000) as provided by the
Ministry of Natural Resources and Environment (MONRE). Climatic
factors: 19 bio-climate parameters with a spatial resolution of 30s (1
km2) were collected from WorldClim-Global (ver.2) and were used
to gather and analyze the actual ecological requirement factors
for C. konishii. Vegetation data: The current map of land use of the
studied provinces as available up to 2020 was provided by MONRE
and used for the identification of vegetation types. Vegetation
coverage data were obtained from www.globalforestwatch.org
and calculated per pixel cell based on the canopy cover percentage
for all vegetation higher than 5m (Hansen et al 2013).

Methods
AHP hierarchical model

In this study, a focus group discussion was implemented in
which the participants including experts and local people were
surveyed through a questionnaire. AHP is a structured technique
for organizing and analysing complex decisions based on
mathematics and psychology. It was developed by Thomas Saaty
and Ernest Forman in the 1970s, implemented in Expert Choice
in 1983 and has been extensively studied and advanced to date.
It represents an accurate approach for quantifying the weights of
decision criteria. Individual experts were brought to estimate the
relative magnitudes of factors through pair-wise comparison. Initial
AHP questionnaire has 1 to 9 scale (Saaty 1980; Li et al. 2019; Fig. 2).
Each of our respondents had to compare the relative importance of
the two items under a specially designed questionnaire.

Hs: Yellow red loam on clay
Fk: Reddish-brown soil on neutral and

Fa: Red yellow soil on acid magma rock
Fq: Light yellow soil on sandstone
Fj: Yellow red soil on metamorphic rocks

Fv: Brown red soil on limestone

Fe: Purple brown soil on purple clay

Fu: Yellow brown soil on neutral and basic
magma

Fp: Yellow brown soil on ancient alluvium

The aim was to perform the analysis of land suitability for C
konishii planting in Vietnam along with the parameters which have
to be involved in the process including soil, climate, and topographic
characteristics. The weight of such parameters was obtained through
pairwise comparison and statistically analyzed. Consistency Ratio
(CR) (< 10 %) was used to check the accuracy of comparisons (Saaty
2000; Malczewski 1999; Maleki 2017; Bozdag 2016).

Land suitability analysis using the integration of GIS and AHP

The FAO guidelines recommend using the scheme of suitability
classification described in the Framework for Land Evaluation. The
class level was chosen to evaluate the suitability of land in its current
condition. The categories were described in the following way:
highly suitable; moderately suitable; marginally suitable; not suitable.
The FAO guidelines do not require the use of a specific methodology
for assessment but provide a framework for whichever method the
user wishes to apply (FAO 1976, Dengiz 2010). To evaluate the land
suitability for the planting of C. konishii, the data of 15 variables were
classified using 4 levels (SI 1,512, SI 3,N). The purpose of this work was
to create 15 component maps in raster form. AHP acquired weights
of the variables were applied to all the raster layers, presented in the
WGS84 Zone 48N coordinate system. The suitability of land for the
species was mapped through overlay (superposition) of 15 raster
component maps using ArcGIS 10.0 software. Finally, the map of land
suitability for C. konishii was obtained and classified into 4 categories
(Table 1).

Validation of the method

120 different sites of C. konishii were studied. During the
assessment, the ratio between the number of correctly predicted
scores and the total number of points in the test data set was
calculated. The prediction accuracy was determined from the
distribution of C. konishii scores (species occurrence, findings)
obtained during the survey, which were attributed to a highly
suitable class. Confusion matrix was used to compute accuracy
(ACQ), true positive rate (TPR) and true negative rate (TNR) from the
following equations (Cabrera 2020; Singh, Singh 2017; Table 3).

Table 3. Confusion matrix to calculate the overall accuracy (ACC)

Actual class
Positive Negative
Positive TP FP
Predicted class
Negative FN N
Actual class
Positive Negative
Positive 93 9
Predicted class
Negative 2 16

ACC= 0.91; TPR=0.98; TNR=18

TP: true positive; TN: true negative; FP: false positive; FN: false negative
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TP+TN TP+TN

ACC = =
P+N TP+TIN+FP+FN

P
TP+ FN

TPR =

TNR = N
TN + FP

RESULTS AND DISCUSSION

AHP and GIS analysis

The results based on the experts pairwise
comparisons showed that topography (0.65) has the
highest values, followed by soil (0.213), climate (0.074)
and vegetation (0.063) conditions (Table 2). Among the
topographic criteria, elevation is prominent while the
distance from streams has the lowest values. From the
total soil sub-criteria, soil texture and soil types have
the highest and lowest values, respectively. Similarly,
among the climatic sub-criteria, the sunshine duration
of the growing season have major roles in describing
the land suitability for C. konishii. The accuracy (ACC) was
91% for validation of the method, while true positive
rate (TPR) and true negative rate (TNR) were 98% and
18%, respectively (Table 3). The consistency ratio (CR) of
the matrix was 0.087 for the four main criteria. The CR of
topographic, soil and climatic criteria were 0.022, 0.068,

Kilometers

0.081, respectively (Table 2).

We found that elevation and soil texture have a
stronger impact on C. konishii growth compared to
any other studied criteria. It was found that in Nghe An
province 8% (1244 km?2) of the total area was suitable for
C. konishii planting, which is the largest potential area
with a highly suitable index (73.39%) of all the provinces.
The Son La and Ha Giang provinces had moderately and
marginally suitable indexes covering 60% and 47% of
the total area, respectively.

These results confirmed that the AHP methodology
had high accuracy in the prediction of area suitability
for the species. Our result also confirmed the previous
studies (Huynh 2009; Lai et al 2002; Maleki et al 2017;
Olarieta et al 2006), and the AHP method was found
to be the best method for land suitability analysis. The
elevation, shallow soil depth, steep slope, aspect trend
and tough climatic conditions affect the land utilization
type, which helped the local planners to reinstate the
region by planting trees in proper ecological conditions
(Gholizadeh 2019). Kooch and Najafi (2011) revealed the
potential of an ecological zone of forest trees using soil
analysis in Khanikan Forest in Iran.

In the study area, the land suitability evaluation
is considered to be a vital link to the sustainability
of ecosystems in terms of their productivity and
environmental stability. The multi-criteria analysis has
been used as an effective method as it may support the
administration or decision-makers about the planning

Highly suitable
Moderately suitable

Marginally suitable

Not suitable

Fig. 3. Land suitability assessment for the main variables in Son La province; (A):
Elevation, (B): Climate, (C): Soil; (D): Vegetation
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Marginally suitable

Not suitable

100
f lkm

Fig. 4. Land suitability assessment for the main variables in Ha Giang province; (A):
Elevation, (B): Climate, (C): Soil; (D): Vegetation

of reforestation programs. Spatial analysis methods
are commonly used for land-use planning or land
suitability selection studies but AHP has an advantage
for decision-making compared to other proposed
techniques. According to Lai et al. (2002), with AHP it
is possible to measure the consistency of the decision
maker’s judgments.

During the study of the selected regions, elevation
and climate criteria revealed that a wide range of
areas is suitable to the ecological requirements of
the species. Fig. 8 shows the difference among four
provinces inthe scuttering of land used for the regional
programs of land suitability for C. konishii planting. The
land suitability map shows the area divided into highly
suitable, moderately suitable, marginally suitable, and
unsuitable class zone (Fig. 3, 4, 5, 6, 8). This subdivision
had also been formerly applied in some evaluation
studies for agriculture and forestry (Fao 1976; Huynh
2009; Ahmad et al. 2017a, 2017b).

Land suitability classes description
Highly suitable index (S1'1)

The highly suitable lands in Nghe An and Son
La were broader than in Ha Giang and Thanh Hoa

provinces, constituting about 73.39% of the total
highly suitable area. The area of highly suitable class for
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Son La, Ha Giang, Thanh Hoa, and Nghe An comprised
4,6, 2 and 8% of their total area, respectively (Table 4,
5). These areas are situated mainly in Mai Son, Muong
La, Moc Chau, Sop Cop districts in Son La province;
Hoang Su Phi, Xin Man districts in Ha Giang province;
Muong Lat district in Thanh Hoa province and Que
Phong, Ky Son, Tuong Duong, Con Cuong districts
of Nghe An province. Based on our data, the highly
suitable ecological conditions for C. konishii may be
described as: 1) Elevation of 1000-2000m, slope over
45° and distance to rivers/streams of 200-400m;
2) Soil condition: the presence of humus on high
mountains, red and yellow clay soil and metamorphic
rocks, red yellow humus on acid magma rock, light
yellow humus soil on sandstone, yellow red loam on
clay, reddish-brown soil on neutral and basic magma,
loam soil, the thickness of soil layer of over 100 cm; 3)
Climatic conditions: mean diurnal temperature range
6.7-8.7°C, annual temperature range 16.74-19.7°C;
annual precipitation 1200-1700mm) precipitation of
the driest month 2-20mm, precipitation of the driest
quarter over 13mm, precipitation of the warmest
quarter 500-1.000mm and sunshine exposition during
the growing month from 130-160 hours; 4) Vegetation
condition: the existence of forest protection on the
mountain in the area and tree canopy coverage of
90% (Table 2).
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Highly suitable
Moderately suitable \
Marginally suitable

Not suitable IO IOOlfm

Fig. 5. Land suitability assessment for the main variables in Thanh Hoa province; (A):
Elevation, (B): Climate, (C): Soil; (D): Vegetation

Highly suitable
Moderately suitable
Marginally suitable

Not suitable

Fig. 6. Land suitability assessment for the main variables in Nghe An province; (A): Elevation, (B):
Climate, (C): Soil; (D): Vegetation
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Fig. 7. Relative of total area and forest area of study provinces (km?)

Moderately suitable index (SI 2)

Moderately suitable areas in Son La and Ha Giang were
more spacious than in Nghe An and Thanh Hoa province
as they combine for about 65.06% of the total moderately
suitable land. The ratio of moderately suitable areas for Son
La, Ha Giang, Thanh Hoa, and Nghe An provinces reach 23,
25,8and 12% of the total province area, respectively (Table
4, 5).

Marginally suitable index (Sl 3)

Marginally suitable areas in Son La and Ha Giang were
largerthan in Nghe Anand Thanh Hoa provinces. The former
two combined for about 76.89% of the total marginally
suitable land. The share of marginally suitable area for Son
La, Ha Giang, Thanh Hoa, and Nghe An province reaches
47,22, 10 and 9%, respectively (Table 4, 5). These results
confirmed the high potential for the C. konishii growth
in the western part of the studied area, especially in Ha
Giang, Thanh Hoa and Nghe An province. These areas are
restricted from human activities but the natural conditions
are generally not too favorable and forest patches are
largely fragmented by socio-economic activities.

Unsuitable (N) index

The unsuitable areas for C. lanceolata in Nghe
An province were larger than in other provinces. The
unsuitable lands in Son La, Ha Giang, Thanh Hoa, and Nghe
An province were 25,47, 81, 72%, respectively (Table 4, 5).
Although for many places the climatic conditions were
found suitable, in the eastern part, especially in Ha Giang,
Thanh Hoa and Nghe An province, C. konishii cannot realize
its natural potential, probably due to too low elevations

and lower slopes. These results are also in line with Phan
(2017) and Nga et al. (20173, b), who mentioned that
agricultural activities, development of rural and urban
residential areas, elevation and slope may act as limiting
factors for the C. konishii planting in the zones. There may
be few single trees in scattered form in these kinds of areas,
but not in clusters or concentrated parcels to develop any
sustainable populations.

AHP can be accurately used in unstudied areas where
species presence was detected. It is quite appropriate for
our case study because many populations of the species
have been destroyed and left untouched. In this study,
we used a mixed approach (expert-based and species
distribution). 120 specieslocations were determined during
the survey to validate the results of the AHP analysis and
confirmed its results with high accuracy. In addition, it has
a very wide range of other applications such as planning
and choosing any kind of decision among alternatives. It
also relies on judgments, meaning that if experts are from
different backgrounds, the evaluation can be done easily
from different aspects.

CONCLUSIONS

The current study was designed for the C. konishii
land suitability assessment based on GIS and AHP in four
provinces (Ha Giang, Son La, Thanh Hoa, Nghe An) of
Vietnam. The most influential ecological variables were
used as a dataset for inclusion in the matrix comparison.
The AHP results showed high accuracy. It was found, that
elevation and soil condition affect the C. konishii growth
more than any other factor. In the Nghe An province, 8%
(1244 km?) of the total area was found to be highly suitable
for the C. konishii planting. It is the largest potential area
with a highly suitable index (73.39%) of all the provinces. In

Table 4. Land suitability for C. konishii in each province

Land .
suitability Srg\r/wir%se Percentage H?o?/;rizg Percentage Th?gvk;niza Percentage N?ol’\]/?nAcg Percentage
index for P o %) P o (%) P o (%) P . (%)
C. konishii

SI 613 4 460 6 213 2 1244 8

SI2 3228 23 1970 25 889 8 1902 12

SI3 6638 47 1768 22 1060 10 1466 9

N 3576 25 3747 47 8967 81 11877 72
Total 14055 100 7945 100 11129 100 16490 100
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Table 5. Distribution of area based on land suitability for C. konishii

Suitable index | Son La (km?) % Ha Giang (km?) % Thanh Hoa (km?) % Nghe An (km?) %

Suitability area of topographic criteria

S 1666 12 1438 18 251 2 1275 8
SI2 3288 23 1778 22 504 5 1179 7
SI3 3660 26 959 12 717 6 1643 10

N 5441 39 3770 47 9657 87 12393 75

Suitability area of soil criteria

S 2226 16 1265 16 2731 25 491 3
SI2 1301 9 2040 26 5138 46 12232 74
SI3 6545 47 3282 41 2443 22 992 6

N 3983 28 1358 17 817 7 2775 17

Suitability area of climatic criteria

S 11952 85 7454 94 4734 43 15801 96
SI2 2103 15 491 6 6395 57 689 4
Total 18038 100 9303 100 11946 100 16490 100

Suitability area of vegetation criteria

S 416 3 121 2 825 7 2088 13
SI2 286 2 111 1 66 1
SI3 13353 95 7713 97 10238 92

N 14402 87
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Fig. 8. Land suitability assessment map for C. konishii planting in Vietnam
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Son La and Ha Giang provinces, the lands with moderately
and marginally suitable indexes amounted to 60% and
47% of the total area, respectively.

The regional characteristics of different provinces
affect the contribution of different factors. On the scale
of a province, the records of environmental factors
influencing the distribution of species population were not
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