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Abstract

Global climate change can be expected to drive losses in plant diversity. To exemplifying this issue, the potential impact
of climate change on nine medicinal plants relating to Karen women’s healthcare in northern Thailand was investigated using
species distribution models. Climatic and non-climatic variables were used to develop the distribution models. The green-
house gas emissions scenarios, A1B (medium-high emission) and A2 (high emission) were used to examine the potential
future species distribution for year 2050 and 2080. It was shown that a combination of climatic and non-climatic factors had
strong effects on the distribution of medicinal plant species. Eight plant species were predicted to reduce suitable area in
northern Thailand whereas one species is predicted to increase suitable area. Following IUCN Red List criteria, seven of the
studied plant species were categorized as critically endangered under A1B or A2 scenarios by 2080. The importance of
planning for climate change effects on the availability of wild-collected plant for rural populations was pointed out.
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1. Introduction

Anthropogenic climate change has already marked
effects on species ranges and ecological communities around
the world (Thomas et al., 2004). The Intergovernmental Panel
on Climate Change (IPCC) (IPCC, 2013) reported that world
temperature had become higher at the Earth’s surface than
any preceding decade since 1850. These changes are likely
to affect plant ecology via direct (e.g., drought and heat wave
effects  on  photosynthesis,  respiration,  transpiration  and
phenology)  and  indirect  (e.g.,  fire  regime,  parasites  and

diseases, litter quality and decomposition) effects (Barbosa
et al., 2012; IPCC, 20013; Sandel and Svenning, 2013) and
likely to increase plant mortality and extinction risk in many
areas (IPCC, 2013).

Wild  plants  provide  a  huge  diversity  of  valued
products for human livelihood particular for food, medicine,
building materials, or financial income (Oldfield and Jenkins,
2012). Karen is the largest hill tribe in Thailand constituting
48% of the total hill tribe population (Department of Social
Development and Welfare, 2002). Wild plants from the forests
play an important role for their subsistence, especially as
food  and  medicine  (Trisonthi  and  Trisonthi,  2009).  Most
Karen villagers maintain traditional knowledge of medicinal
plants that they use for first aid remedies (Tangjitman et al.,
2013). For Karen women, reproductive health problems are
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mostly  functional  disorders  (e.g.,  postpartum  recovery,
amenorrhea) rather than infectious or surgical emergencies
for which Thai health care facilities are available. However,
as a result of ongoing climate change, many plant species
are predicted to respond by shifting their ranges (Skov and
Svenning, 2004) or extinct in near future (Dullinger et al.,
2012). Therefore, medicinal plants used for Karen’s women’s
healthcare  may  be  vulnerable  to  loss  their  suitable  areas
and even extinct due to the present and impending climate
change.  This  severe  situation  may  lead  to  the  local  and
perhaps  regional  disappearance  of  a  number  of  medicinal
plants that provide important herbal medicine for the Karen.

This study was aimed to assess the potential effect of
future climate change on medicinal plants used by the Karen
in  northern  Thailand,  particularly  medicinal  plants  for
woman’s healthcare. Species distribution modeling (SDM)
was used to identify the potential distribution of medicinal
plants under current and future climate as well as evaluate
the vulnerability of medicinal plants under future climatic
change. SDM is widely used in many ecological applications
(Guisan and Thuiller, 2005) such as predicting suitable habitat
for a species estimating potential effects of climatic change on
plant species and guiding for conservation planning (Wang
et al., 2009; Babar et al., 2012).

2. Methods

2.1 Selection of medicinal plant species

Medicinal plants related to Karen women’s healthcare
were  selected  by  using  the  culturally  important  index  (CI)
index,  an  efficient  tool  for  highlighting  species  for  which
there  is  high  agreement  of  its  use  among  the  surveyed
cultures, thereby recognizing the shared knowledge of these
people (Tardío and Pardo-De-Santayana, 2008). Base on a
previous study of culturally important medicinal plant species
used  by  the  Karen  (Tangjitman  et  al.,  2013),  nine  plant
species with high CI value were selected (Table 1).

2.2 Species occurrences and study area

Since the Karen in Thailand have settled mainly in
northern Thailand (Department of Social Development and
Welfare, 2002), it was therefore selected as the study area.
It is between latitudes 14° 56’ 13" to 20° 28’ 43" N and longi-
tudes 97° 20’ 53" to 101° 47’ 53" E comprising 17 provinces
and  covers  an  area  of  172,277  km2  or  30%  of  the  total
geographic area of Thailand (Figure 1). Forests in this study
area are broadly classified into dry dipterocarp and mixed
deciduous forest where are found in low-moderate altitudes
(0-900 meter above mean sea level (a.m.s.l.)), while coniferous
forest, hill evergreen forest and tropical montane cloud forest
are  dominant  in  higher  altitudes  (1,000-2,000  a.m.s.l.)
(Asavachaichan S., 2010; Santisuk, 2013).

To characterize more fully the environmental niche of
the nine plant species, occurrence records for the medicinal

plants studied were obtained not just from northern Thailand,
but also from Myanmar, Laos People’s Democratic Republic,
Vietnam, Cambodia, Malaysia, Indonesia, Philippines, Taiwan
and southern China, within the area between latitude 10° 58’
43" S to 31° 01’ 13" N and longitude 90° 45’ 40" to 142° 00’
00" E. Occurrence records were derived from three sources:
(1) field survey data (data collected during 1993-2011); (2)
records of wild population from literatures and (3) the Global
Biodiversity  Information  Facility  (http://www.gbif.org/).
A total of 306 occurrence records were put in the database
(Figure 1)

2.3 Environmental variables

A combination of climatic and non-climatic environ-
mental predictors was used for modeling suitable areas for
the nine medicinal plants. Climatic variables were extracted
from the WorldClim data base (Table 2) (Hijmans et al., 2005)
at 1 km-resolution for the period 1950–2000 (http://www.
worldclim.org/). Moreover, some climatic variables from
WorldClim are highly correlated and could make the results
of inaccurate prediction (Hijmans et al., 2005; Mbatudde et
al., 2012). Therefore, Pearson correlation was calculated to
explore the relationships between all the WorldClim climatic
variables for the South-East Asian region. To avoid the inclu-
sion of pairs of variables with Pearson correlation, r>|0.9|, a
total of ten variables were ultimately selected for modeling
(Table 2; Appendix Table). The correlation analysis was done
with the SPSS 17.0 software package for Windows.

Three non-climatic variables that may also influence
plant  species  distribution  were  also  included:  soil  type,
slope, and human influence index (HII). The soil layer was
downloaded from the Harmonized World Soil Database
(HWSD) version 1.2 (FAO/IIASA/ISRIC/ISSCAS/JRC, 2012).
Soil type was defined by HWSD according to the composi-
tion  of  soil  units  and  the  characterization  of  selected  soil
parameters  (organic  carbon,  pH,  water  storage  capacity,
soil  depth,  cation  exchange  capacity,  clay  fraction,  total
exchangeable nutrients, salinity, textural class and granulo-
metry). Slope was downloaded from the Hydro1K GTOPO30
(EROS, 1996). The value represents the maximum change in
elevations between each cell and their neighbors. The human
influence index (HII) was obtained from the Socioeconomic
Data and Applications Center (SEDAC). It was produced
through incorporating four data types as proxies for human
influence: human settlement, land transformation (land use
and land cover), accessibility (road, railroads, major rivers
and coastline) and electrical power infrastructure (night time
lights) (Sanderson et al., 2002). ArcGIS 10.0 was used to
create  all  spatial  data  layers.  The  categorical  data  were
re-sampled to a grid cell resolution of 1×1 km.

2.4 Future climate scenarios

Future climate forecasts from Hadley Centre Coupled
Model, version 3 (HADCM3) was used for this study. This
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model  has  been  commonly  used  in  the  ecological  studies
(IPCC, 2007) and reported to provide good median results
compared with other models (Jaramillo et al., 2011). The time
interval 2050 and 2080 was selected to make a future pre-
diction in this study. The future data was provided by the
CGIAR Research Program on Climate Change, Agriculture

and Food Security (CCAFS) (http://www.ccafs-climate.org/
statistical downscaling_delta/).

Based on the IPCC (2007) on green-house gas emis-
sions scenarios (SRES), scenario A1B and A2 were analyzed
for potential impact of climate change in this study. The A1B
is considered a medium warming scenario and assume as a

Figure 1. Study area in northern Thailand and occurrence records of nine medicinal plant species in South-east Asia region. Dots represent
species occurrence records of nine medicinal plants: light blue = Blumea balsamifera, pink = Caesalpinia sappan, red = Cleidion
javanicum,  orange = Clerodendrum serratum,  black = Croton roxburghii,  purple = Inula cappa,  yellow = Mussaenda
sanderianna, dark blue = Phlogacanthus curviflorus, green = Schefflera leucantha.

Table 2. Predictor variables used for building species distribution
models for the nine species of medicinal plants.

Code                                  Parameter (units)

bio1 Annual mean temperature (°C)
bio2 Temperature diurnal range (°C)
bio3 Isothermality (°C)  (BIO2/BIO7)
bio4 Temperature seasonality (standard deviation *100, %)
bio6 Mean minimum temperature of the coldest period (°C)
bio7 Temperature annual range (°C)
bio12 Annual precipitation (mm)
bio14 Precipitation of the driest period (mm)
bio18 Precipitation of the hottest quarter (mm)
bio19 Precipitation of the coldest quarter (mm)
Slope Maximum range in elevation (meters)
HII Human influence index
Soil Soil types
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world with continuously increasing global population, very
rapid economic growth and maximum energy requirements
that are balanced across all energy sources. The A2 scenario
- often described as a business-as-usual scenario - describes
a world with continued population growth, slow economic
growth, and slow advances in technological solutions.

2.5 Species distribution modeling

Maxent  (Phillips  et  al.,  2006)  was  used  to  predict
potential distributions of the studied species under current
and future climates. Maxent is a machine learning method
that estimates a species distribution across a study area by
calculating the probability distribution of maximum entropy
(Phillips  et  al.,  2006).  Maxent  method  is  among  the  best
modeling  approaches  for  presence-only  occurrence  data
(Elith et al., 2006). Maxent version 3.3.3k, downloaded from
http://www.cs.princeton.edu/, was used in this study.

Maxent was run using a convergence threshold of 10
with 1,000 iterations as upper limit for each run. For each
species,  occurrence  data  was  randomly  divided  into  two
datasets. Seventy percent of the sample point data was used
to generate species distribution models, while the remaining
30% was kept as independent data to test the accuracy of
each  model.  Area  under  the  curve  (AUC)  of  the  Receiver
Operating  Characteristic  (ROC)  curve  was  used  to  assess
overall model performance, where AUC score of 0.5 indicates
a random prediction and a score of 1 indicated a perfect pre-
diction (Hosmer and Stanley, 2000). Moreover, the Jackknife
procedure was used to assess the importance of variables
(Yang et al., 2013). Maxent output format was the continuous
probability of the occurrence (0.0-1.0) where higher values
mean better suitability and lower values mean poorer suit-
ability.  The  procedure  transformed  values  into  a  binary
prediction of presence-absence using the logistic threshold
at  maximum  training  sensitivity  plus  specificity.  This
threshold value has been shown to be efficient as a more
robust approach for predicting species distributions (Hu and
Jiang, 2011). If the probability value was equal or greater than
this threshold value, it was classified as presence, otherwise
absence.

2.6 Species vulnerability

Based on the International Union for Conservation of
Nature and Natural Resources (IUCN) Red List criteria 2001
(Baillie  et  al.,  2004),  six  quantitative  criteria  have  been
developed  to  evaluate  the  status  of  threatened  species.
Criterion A3(c) was used as follows: Extinct (EX) is a species
with a projected suitable habitat loss of 100% in 50 years;
Critically endangered (CR) has projected loss of 80 to 100%;
Endangered (EN) has projected loss of 50 to 80%; Vulnerable
(VU) has projected loss of 30 to 50%; Near threatened (NT)
has projected loss < 30%, and least concerned (LC) has no
projected loss.

3. Results

3.1 Model performance

The predictive accuracy as measured by AUC values
for all species distribution models revealed good perform-
ance (Table 3). AUC values for the training data were > 0.900
for all species. For the test data, seven species (Caesalpinia
sappan,  Croton  roxburghii,  Inula  cappa,  Mussaenda
sanderianna,  Phlogacanthus  curviflorus  and  Schefflera
leucantha) had AUC > 0.900 whereas Blumea balsamifera,
Clerodendrum serratum and Cleidion javanicum had AUC
0.806, 0.844 and 0.878, respectively.

3.2 Current predicted distributions

Suitable areas of most medicinal plant species were
in  the  west  and  central  to  the  north  of  northern  Thailand
(Figure 2). Moreover, it was also indicated that only three
(Inula  cappa,  Mussaenda  sanderiana  and  Schefflera
leucantha) species have suitable distribution ranges cover-
ing less than 50% of the northern Thailand (Table 3).

Relationships to the climatic and non-climatic factors
varied from species to species. Soil type and slope were the
most important contributors for four (Blumea balsamifera,
Cleidion javanicum, Clerodendrum serratum and Phloga-
canthus curviflorus) and two species (Inula cappa and
Schefflera  leucantha),  respectively.  Temperature  diurnal
range (bio2), temperature seasonality (bio4) and precipita-
tion of the hottest quarter (bio18) were the most important
climatic contributors for three plant species (Mussaenda
sanderiana, Caesalpinia sappan, Croton roxburghii, res-
pectively). Human influence index was among the three most
important variables only for Caesalpinia sappan.

3.3 Forecasted suitable areas under climate change

The forecasted future climatic change under the A1B
and A2 scenarios caused predicted reductions in suitable
ranges for eight plant species (Blumea balsamifera, Caesal-
pinia sappan, Clerodendrum serratum, Croton roxburghii,
Inula  cappa,  Mussaenda  sanderiana,  Phlogacanthus
curviflorus  and  Schefflera  leucantha)  whereas  Cleidion
javanicum was predicted to gain more suitable areas by year
2050 and 2080 (Table 3, Figure 2). However, there was no
significant difference between the reductions in suitable
range under A1B and A2 scenario by year 2050 (t-test: p =
0.867) and 2080 (t-test: p = 0.721).

3.4 Predicted species status

Based on the IUCN Red List criteria 2001 (Baillie,
2004), four plant species (Caesalpinia sappan, Cleidion
javanicum, Clerodendrum serratum and Inula cappa) should
be categorized the same IUCN status under both A1B and
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A2  scenario  by  2080  whereas  five  plant  species  (Blumea
balsamifera, Croton roxburghii, Mussaenda sanderiana,
Phlogacanthus curviflorus and Schefflera leucantha) should
be categorized to varying IUCN statuses (Table 3).

4. Discussion

The Maxent models showed the average high level of
predictive  power  when  compared  to  random  prediction
(where the AUC would be 0.5). This result indicated that the
Maxent model is suitable for evaluating the potential distri-
bution  of  these  medicinal  plant  species.  The  Jack-knife
evaluation results indicated contributions of climatic and
non-climatic factors which varied from species to species
(Table 3). Soil was the most important factor for four species
(Blumea balsamifera, Cleidion javanicum, Clerodendrum
serratum and Phlogacanthus curviflorus). Tuomisto et al.
(1995) stated that the spatial distributions of many tropical
plant species show strong associations with edaphic condi-
tions. Soil properties are likely to influence nutrient uptake
and tropical trees functioning (ter Steege et al., 2006). They
might be important factors for shaping species boundaries
or  species  absence  (Thuiller,  2013).  Slope  was  the  most
important factors for the distribution of Inula cappa and
Schefflera leucantha. Slope and elevation had been demon-
strated to be useful surrogates for the spatial and temporal
distribution of factors such as radiation, precipitation and
temperature that influence species composition and produc-
tivity (Stage and Salas, 2007). Among ten climatic variables,
temperature diurnal range (bio2), temperature seasonality
(bio4),  mean  minimum  temperature  of  the  coldest  period
(bio6), precipitation of the driest period (bio14) and precipi-
tation of the hottest quarter (bio18) were important factors
influencing the distribution of most medicinal plant species.
However, our finding also showed that the distribution of

most plant species was controlled mainly by a combination
of climatic and non-climatic predictors. Some studies have
showed that at continental scale (>105 km2), climatic variables
are strong environmental control of plant distribution (Willis
and Whittaker, 2002; Trivedi et al., 2008), whereas the combi-
nation of climatic and non-climatic factors showed strong
response  of  plant  distribution  at  regional  scale  (Blach-
Overgaard et al., 2010).

Human  influence  index  has  a  much  lower  impact
compared with other predictor variables in this study. Sandel
and Svenning (2013) stated that human impacts are strongest
on flat terrain whereas steep areas are less affected by human
activities.  Consequently,  steep  mountains  areas  act  as
refuges  for  forests  and  their  plant  species.  The  Maxent
modeling  in  this  study  predicted  suitable  distribution  at
present of most of the study medicinal plants in the moun-
tainous areas of northern Thailand (Figure 1 and 2), suggest-
ing relatively good changes of suitable habitat remaining for
the species here in the future.

4.1 Extinction risk from climate change

Prediction of species extinction risk of nine medicinal
plant  species  varies  with  emission  scenario  (Table  3).
Cleidion javanicum was categorized to have no extinction
risk  due  to  the  prediction  to  gain  more  suitable  area  in
northern  Thailand.  Regarding  the  ecology  of  Cleidion
javanicum, it could be grown in different forest types (ever-
green,  mixed-deciduous  and  deciduous  forest)  and  also
different altitude gradients from 30-1,200 a.m.s.l. (Kulju and
Welzen, 2005) (Table 1). These would make this plant has
a  good  adaptation  to  environmental  constraints  and  high
survival rate in future climatic change. Moreover, according
to the occurrence data in this study, Cleidion javanicum has
a higher record in southern region of South-East Asia parti-
cular  Malaysia  and  Indonesia  compared  with  other  plant
species (Figure 1). Besides, Kulju and Welzen (2005) revealed
that high populations of Cleidion javanicum could be found
from  Malaysia  to  Australia  (Queensland).  Due  to  global
warming, plant species might suffer with climate constraints.
They were predicted to shift their distribution pole ward to
find  the  suitable  climate  condition  (Skov  and  Svenning,
2004; Feeley et al., 2013). Therefore, Cleidion javanicum
was predicted to shift northward and make northern Thailand
having more population of this species.

Seven species (Blumea balsamifera, Caesalpinia
sappan, Clerodendrum serratum, Croton roxburghii, Inula
cappa, Mussaenda sanderiana and Phlogacanthus curvi-
florus)  would  be  listed  as  high  extinction  risk  (critically
endangered) due to the over 80% predicted loss of their
suitable areas under A1B or A2 scenarios by 2080 (Table 3).
Several studies revealed that plant which had narrow climatic
tolerances or restricted to specific ecology were especially
threatened with extinction in future climate change (Thuiller
et al., 2005; Feeley et al., 2013; Lenoir and Svenning, 2013).
Obviously,  Caesalpinia  sappan  which  has  the  highest

Figure 2. Spatial  pattern  in  the  suitable  area  for  nine  women’s
healthcare medicinal plant species at present, in 2050 and
2080.
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extinction risk in this study grows in specific environment in
mountainous areas with clayey soil and calcareous rocks
(Zerrudo, 1991). This might make this plant has low ability
to adapt to new environmental condition and has the lowest
survival rate in future climatic change compare with other
species.  Schefflera  leucantha  would  be  categorized  as
endangered under A2 scenario. However, this medicinal plant
species was also predicted to have high risk of extinction due
to their suitable range areas in northern Thailand was less
than 7%. Therefore, it was shown that eight of nine medicinal
plant species were predicted to experience critical situation
under the impending climate change. This situation might
strongly  affect  Karen  livelihood  particularly  women’s  re-
productive health problems by reducing suitable ranges and
availabilities of their important medicinal plants.

Climate change is predicted to accelerate over current
and coming centuries (Feeley et al., 2013). Tropical plants
are likely sensitive to these climate changes (Svenning and
Condit, 2008). Feeley et al. (2013) revealed that tropical plants
will not be able to continue to keep pace with future climate
change  and  thus  their  persistence  in  the  face  of  climate
change will depend on successful migrations. However, many
plants have limited dispersal (Svenning and Skov, 2004).
Many of them, particular tree species have delayed response
due to their long life span, and are not able to rapidly colonize
at newly suitable climatic areas (Lenoir and Svenning, 2013).
Under warming climate, plant species will move upward to
retain their thermal niche (Feeley et al., 2013). As mountains
usually have conical shapes, plants which are unsuccessful
upward  shifted  might  experience  in  range  loss  and  even
mountain-top extinctions (Dullinger et al., 2012). Therefore,
tropical mountain plants which have low tolerance to climate
change and slow migration rate may be at relatively high risk
of extinction from future climate change (Feeley et al., 2013).

4.2 Implications for plant conservation and rural livelihoods

Conservation of threatened medicinal plants in the
higher altitude is important because people living in isolated
and far from urban areas are completely dependent on plants
and plants products for their livelihood and curing different
ailments (Ullah and Rashid, 2014). Therefore, it is necessary
to carry out concrete steps for the conservation of women
healthcare medicinal plants in northern Thailand to ensure
their availability to the Karen communities in the future, also
in the face of climate change. Raising awareness of climate
change to the Karen by focusing on local or regional impacts
is a crucial step in order to engage their attention and inspire
individual and community action. Furthermore, conservation
of medicinal plant population in their native habitat is also an
important issue. To achieve this, extending existing protected
areas particularly near the Karen community settlements is
needed  to  be  done  by  government  authorities  to  prevent
losing in suitable ranges of medicinal plant species. However,
ex-situ  conservation  might  also  be  considered  to  provide
insurance against catastrophic loss and to facilitate for re-

introduction. In addition, legislation and monitoring will be
a key importance for conservation and sustainable use of
threatened medicinal plants species.

5. Conclusions

The recent rapid climate changes are already affecting
a wide variety of organisms, including many plant species. In
this study, the potential effects of future climate change on
nine medicinal plants that are important to Karen women
healthcare were evaluated. Species distribution modeling
was  used  to  forecast  potential  climate  change  effects  on
these species by year 2050 and 2080. It was shown that one
species was predicted to gain more suitable areas while eight
species were predicted to experience strong reductions in
the suitable areas. In an extreme case, six plant species will be
categorized as critically endangered due to more than 80%
loss in their suitable areas. This situation may reduce the
availability of medicinal plants in northern Thailand in near
future  and  provide  negative  effect  on  Karen  livelihoods,
particular women’s reproductive health problems. Raising
climate change awareness and supporting the sustainable
use of medicinal plants to Karen people will be crucial for
preserving these medicinal plants, as will in-situ conserva-
tion  in  protected  areas  with  suitable  habitats.  However,
ex-situ  conservation  might  also  be  needed  to  reduce  the
negative  impacts  of  climate  change  on  these  and  other
culturally important medicinal plants.
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