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Abstract: Climate is one important environmental variable that affects human life. As the regions along the Belt and Road (B & R) en-
compass vast territories and large populations, it is significant to assess climate suitability for human settlements, which will influence
the migration of various surrounding countries. We selected seven regions including 65 countries along the B & R for the research area
and adopted the temperature-humidity index (THI), to assess the climate suitability. We analyzed the spatial characteristics of THI and
the correlation between population distribution and THI, the results of which enabled us to adjust the THI classification criteria. We fi-
nally assessed the climate suitability of each region. The results reveal that outside the Qinghai-Tibet Plateau, the THI values generally
tend to decrease from west to east as longitude increases and downward with increasing latitude. The population distribution is signific-
antly correlated with the THI. Regions with relative suitable climate, including high suitability areas (HASs), moderately suitable areas
(MSAs)  and  low suitability  areas  (LSAs),  account  for  50.62% of  the  total  area  and  encompass  in  excess  of  90% of  total  population.
These areas are widely distributed in the southern regions of 45°N latitude, again with the exception of the Qinghai-Tibet Plateau. Critic-
al suitable area includes 19.48% of the entire area and 8.98% of total population. The non-suitable area accounts for less than 30% of
total area, concentrated in the cold high-latitude and high-altitude areas.
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1　Introduction

Climate is  one  important  environmental  factor  that  in-
fluences human  activities  and  settlements.  The  influ-
ence of climate on human comfort is  usually expressed
in terms of climate suitability, a biological environment-
al  indicator  that  is  used  to  evaluate  human  comfort

based  on  the  heat  exchange  principle  between  a  body
and the near-earth atmosphere. A suitable climate facil-
itates  the daily  lives  of  a  population and also promotes
local  socioeconomic development.  In  contrast,  harsh or
extreme climates can become restrictive factors hamper-
ing activities, interfering with daily production and life,
and  even  adversely  influencing  health  (Hsiang  et  al.,
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2013; Kjellstrom et al., 2016; Vezzulli et al., 2016; Wu
et  al.,  2016; Matthews  et  al.,  2017).  Recently,  climate
suitability assessment has been the focus of attention in
many  fields,  such  as  urban  planning  and  design
(Kariminia  et  al.,  2016; Yang  et  al.,  2016; Adiguzel  et
al., 2020), architectural design (Müller et.al, 2014; Rupp
et.al, 2015), health risk and healthcare (Błażejczyk et.al,
2018; Napoli et.al, 2018; Aghamohammadi et al., 2021)
and tourism (Tang, 2012; Nalau et.al., 2017; Cheng and
Zhong,  2019; Amininia  et  al.,  2020; Zhao  and  Wang,
2021).

One method  of  assessing  climate  suitability  of  hu-
man settlements is using biometeorological indices such
as  the  wind  effect  index  (WEI)  (Terjung,  1966),  the
comfort index (CI) (Terjung, 1966), the temperature-hu-
midity index (THI) (Oliver, 1973), physiologically equi-
valent temperature (PET) (Mayer and Höppe 1987) and
universal  thermal  climate  Index  (UTCI)  (http://www.
utci.org). The climate parameters involved in these clas-
sic  indices  include  air  temperature,  relative  humidity,
wind speed, solar radiation, vapor pressure and mean ra-
diant temperature. However, it is verified that temperat-
ure  and  relative  humidity  can  best  predict  times  when
climatic conditions  will  have  a  fatal  impact  on  the  hu-
man  body  among  all  the  combinations  of  the  adopted
climate  parameters,  as  they  are  both  directly  related  to
body heat exchange (Mora et al., 2017). That’s why the
classic THI is composed of temperature and relative hu-
midity. As THI is  applicable  to  various climatic  condi-
tions,  including  cold,  moderate,  and  hot  environments
(Emmanuel,  2005), it  has  been  widely  adopted  to  ex-
plore  the  interaction  between  urbanization  and  climate
change (Emmanuel,  2005; Oleson et al.,  2015), the im-
pact of climate change on human health (Vaneckova et
al.,  2011) and  the  climate  suitability  of  human  settle-
ments  (Toy and Kántor,  2017; Kong,  2020; You et  al.,
2020). In addition, Kong (2020) reports that the climate
suitability  assessment  results  based  on  THI  are  highly
consistent with the results based on the WEI, which im-
plies  that  THI  can  perform  well  in  large-scale  studies
when wind speed and radiation data are lacking.

Climate suitability is a crucial basis in evaluating the
livability  of  human  settlements.  The  results  of  climate
suitability assessment  are  of  great  significance  for  op-
timizing the  spatial  distribution  of  population  and  con-
struction land, and coordinating the harmonious coexist-
ence  of  human  and  nature.  Regions  along  the  Belt  and
Road  (B  &  R)  cover  vast  territories  with  complex  and

changeable climate (Han et al., 2018). Most of the areas
along the B & R are within developing countries charac-
terized by large rural populations, fragile infrastructures,
and poor adaptability. In light of current climate change,
all countries will face the same problems such as popu-
lation mobility and migration and human settlements are
likely to experience significant changes. Due to the lack
of  research  and  comparative  analysis  on  the  climate
suitability along the B & R, the aims of this study were
therefore  to  calculate  the  THI  based  on  climate  data  at
the resolution of  1 km × 1 km, to  analyze the relation-
ship between population distribution and the THI, which
is the  basis  for  determining  the  climate  suitability  zon-
ing standard, and thus to assess the climate suitability of
human settlements. The results of this study can provide
a basic  reference  for  the  construction  of  human  settle-
ments (such as architectural design, urban planning and
tourism resource development). 

2　Materials and Methods
 

2.1　Study area
The Belt and Road Initiative (BRI), which aims to pro-
mote  common  development  and  prosperity  of  member
countries,  is  a  new  form  of  international  cooperation
that was proposed by China in 2013 (Huang, 2016; Xu,
2018). We selected seven regions including 65 member
countries  of  the  BRI as  the  research objects.  Given the
total area of each country and their location, we divided
these  countries  into  7  sub-regions  (Fig.  1),  including
China  (CN),  Southeast  Asia  (SEA),  South  Asia  (SA),
Central  Asia  (CA),  West  Asia  and  the  Middle  East
(WAME), Central and Eastern Europe (CEE), and Mon-
golia  and  Russia  (MR).  These  regions  span  the  three
continents of Asia, Europe, and Africa, covering a total
area  of  more  than  50  million  km2.  Regions  along  the
B &  R  are  also  home  to  a  large  and  unevenly  distrib-
uted  population  of  more  than  4.5  billion  people,  about
two-thirds of the global population (Word Bank, 2020).
Climate  within  the  B  &  R  zone  varies  significantly
across regions as different regions are diverse including
equatorial, dry,  warm  and  humid,  cold,  and  polar  cli-
mate  zones.  In  the  context  of  global  warming,  regional
climates along the B & R have undergone and will  un-
dergo profound changes (Dong et  al.,  2018; Han et  al.,
2018), which will significantly alter the livability of dif-
ferent  regions,  and  thus  influence  regional  population
migration and flow. 
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2.2　Data sources and processing
The  data  used  in  this  analysis  mainly  include  climate
and  population  variables  collected  at  a  kilometer  grid
scale.  Climate  data  mainly  include  multi-year  mean
temperature and  mean  relative  humidity,  while  popula-
tion data include total population and population density. 

2.2.1　Temperature data
The temperature data were derived from the Climatolo-
gies  at  High  Resolution  for  the  Earth’s  Land  Surface
Areas  (CHELSA)  dataset  (https://chelsa-climate.org/,
Karger  et  al.,  2017). This  dataset  comprises  23  ele-
ments  collected  between  1979  and  2013  at  a  30  arc
seconds  (~1  km)  spatial  resolution  including  monthly
mean  temperature,  monthly  mean  precipitation,  annual
mean  temperature,  and  mean  annual  precipitation.
Products derived from the CHELSA dataset comprise a
geographic  coordinate  system  containing  the  WGS  84
horizontal datum. This dataset was produced using ERA-
Interim-data  released by European Centre  for  Medium-
Range  Weather  Forecast  (ECMWF)  and  it  combines
global multi-resolution terrain elevation (GMTED2010),
atmospheric  circulation  models,  and  other  multi-source
data  that  has  been  cross-validated  with  meteorological
station data for different regions over time. We conver-
ted the spatial resolution of this compilation from 30″ ×
30″ to 1 km × 1 km raster data using the ArcGIS soft-
ware. 

2.2.2　Relative humidity data
As  the  CHELSA  dataset  does  not  contain  the  relative
humidity, the  gridded  relative  humidity  was  interpol-
ated from in-situ observations. The original relative hu-
midity  data  used  in  this  study  derived  from  a  monthly
dataset  that  comprises 2363 meteorological  stations  in
65 countries along the B & R provided by the National
Meteorological Information Center  of  China.  Daily rel-
ative  humidity  was  recorded  from  each  station  across
the period between 1980 and 2017. We then calculated
the  multi-year  mean  relative  humidity  at  each  station
and utilized the cooperative Kriging method to interpol-
ate the  station data.  Grid  data  for  annual  average relat-
ive humidity at a 1 km × 1 km level throughout the area
encompassed by the B & R was therefore obtained. 

2.2.3　Population data
The total population data for countries along the B & R
were derived  from  the  World  Bank  database.  Popula-
tion density data were adopted from the Land-Scan2015
dataset provided by the Oak Ridge National Laboratory
(ORNL) in the United States (https://landscan.ornl.gov/).
The  dataset  is  made  utilizing  an  innovative  approach
based on geographic information system (GIS) data and
remote  sensing  image  data.  ORNL’s  LandScan2015  is
the community  standard  for  global  population  distribu-
tion. Given a  framework of  multivariate  variance mod-
eling,  census  information  for  provincial  administrative
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units around the world was decomposed into  a  popula-
tion  distribution  database  with  a  resolution  of  30  arc
seconds. We used GIS technology to obtain the popula-
tion density dataset at the resolution of 1 km × 1 km of
the year of 2015 for countries along the B & R. 

2.3　Methods 

2.3.1　THI model
In addition to air temperature and relative humidity, oth-
er  climate  data  such  as  wind  speed  and  radiation  from
weather stations in the B & R areas is not available and
the corresponding raster data at the resolution of 1 km is
lacking.  Given  the  availability  of  climate  data  and  the
reliability  of  biometeorological  index,  we  utilized  the
THI (Oliver, 1973) to evaluate the climate suitability of
B  &  R  areas.  The  physical  meaning  of  the  THI  is  the
temperature  corrected  by  the  relative  humidity,  which
means  that  the  assessment  based on the  THI takes  into
account the comprehensive influence of temperature and
relative humidity on human comfort. The THI is calcu-
lated as follows:
T HI = T −0.55× (1−RH)× (T −58) (1)

T = 1.8t+32 (2)

where T denoted the multi-year mean air temperature in
Fahrenheit (°F) collected between 1979 and 2013, while
t denoted  multi-year  mean  air  temperature  in  Celsius
(°C),  and RH is  multi-year  mean  relative  air  humidity
across  the  period  between  1980  and  2017.  Due  to  the
limitation of the data availability, the time span of tem-
perature and relative humidity used in this study was in-
consistent.  Nevertheless,  our  preliminary  calculation
shows that the climate states for more than 30 yr are ro-
bust for  slight  time  span  difference.  Therefore,  the  in-
consistent time span of climate factors has very little ef-
fect on THI results in the study. 

2.3.2　Classification criteria of THI
Studies  have  reported  that  people  in  different  regions
have  different  thermal  comfort  ranges  (Hartgill  et  al.,
2011; Pallubinsky  et  al.,  2015; Toy  and  Kántor,  2017;
Pallubinsky  et  al.,  2019).  However,  THI  classification
criteria of the existing researches are only applicable to
the  national  scale  or  sub-regional  scale  (Tang  et  al.,
2008; Zhong  et  al.,  2019; You  et  al.,  2020). Consider-
ing  the  large  research  scope  of  this  study,  we explored
the correlation between population distribution and THI
for  the regions along the B & R,  and then adjusted the

existing classification criteria (Tang et al., 2008; Zhong
et al., 2019) based on the correlation results, so as to ob-
tain a new set of THI classification criteria applicable to
the B & R region. 

3　Results
 

3.1　THI characteristics
Values for the THI were calculated based on processed
multi-year mean temperature and relative humidity data
for B & R areas. The regional characteristics and spatial
distribution of this index was analyzed. 

3.1.1　Regional variation
Fig. 2 shows that THI values for regions along the B &
R fall  between  −4  and  80,  with  large  regional  differ-
ences.  Indeed,  with  the  exception  of  the  Qinghai-Tibet
Plateau,  overall  THI  values  decrease  from  low  to  high
latitudes.

Results show that 64.28% of regions along the B & R
are  characterized  by  THI  values  between  35  and  75
(Fig. 3). Extremely cold areas with THI values less than
35  account  for  29.91%  of  the  whole  B  &  R  and  are
mainly  located  in  the  MR  region,  the  northern  and
southeastern Pamirs within CA, the northeastern China-
Tibetan Plateau-Tianshan Mountains zone, and other re-
gions  at  high  latitudes  and  altitudes.  Areas  with  THI
values  between  35  and  45  encompass  18.62%  of  the
whole region and are mainly distributed on central-east-
ern plains within the MR region, in southern Mongolia,
in northern CA, in northeastern China, and on the south-
eastern  Qinghai-Tibet  Plateau.  Areas  with  THI  values
between  55  and  75  (i.e.,  zones  where  the  human  body
feels  relatively comfortable)  account  for  29.73% of  the
total  area  and  occur  mainly  in  southern  CA,  within
Egypt in WAME, on the northern Arabian Peninsula, on
the  Iranian  plateau,  in  western  and  northern  SA,  and
across most parts of southern China. Regions with THI
values greater than 75 tend to have muggy climates and
account for 5.81% of the B & R area. These regions are
mainly distributed in the southeast of WAME, in coastal
areas of southeastern SA, south of the Southeastern Pen-
insula in  SEA,  and  across  most  of  the  Indonesian  ar-
chipelago. 

3.1.2　THI spatial distribution
Trends of THI in longitudinal and latitudinal directions
were  analyzed  across  the  whole  B  &  R  region.  Three
representative  lines  of  latitude  (30°N,  40°N,  50°N)  as
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well  as  three  lines  of  longitude  (45°E,  75°E,  100°E)
were selected to analyze THI variations.

(1) Changes of THI in latitudinal direction
Fig. 4a reveals variations in mean THI values in a lat-

itudinal  direction  throughout  the  B  &  R.  The  results
show that overall THI tend to decrease from west to east
as  longitude  increases.  In  a  longitude  range  between
20°E  and  75°E,  THI  remain  stable  around  50,  while
between  75°E  and  90°E,  values  gradually  drop  below
40, mainly due to the presence of the Pamirs and Qing-
hai-Tibet  Plateau  at  high  altitudes  and  with  low  mean

temperatures. Across a range between 90°E and 120°E,
THI  rebounds  to  nearly  50  because  of  regional  terrain
reductions.  Indeed,  to  the  east  of  120°E,  THI  drop
sharply  to  about  20  because  low-latitude  regions  with
high-THI gradually decreases and Russian Far East with
high-latitude  and  low-THI  is  coming  to  occupy  the
dominant position.

Figs.  4b, 4c,  and 4d  illustrate  THI  curves  at  30°N,
40°N, and 50°N latitudes, respectively. Values of THI at
30°N latitude  exhibit  spatial  distribution  characteristics
including an east-west high and a middle low with val-
ues  higher  than  60  in  most  longitude  ranges.  Values
between  75°E  and  100°E  are  significantly  lower  than
50; the main reason for this remains the presence of the
Pamirs and Qinghai-Tibet Plateau characterized by high
altitudes  and  low temperatures.  Values  of  THI  in  most
areas at the 40°N latitude fall within the range between
50  and  60.  THI  values  between  30°E  and  40°E  and
between 70°E and 80°E drop sharply, forming two obvi-
ous  ‘troughs’ because  the  40°N  latitude  line  passes
through the Anatolian Plateau in WAME between 30°E
and  40°E  and  then  passes  through  the  Pamirs  between
70°E and 80°E where values drop suddenly. The Turan
Lowland  in  CA  fall  between  the  two  troughs  and  had
THI  values  as  high  as  60;  when  the  40°N  latitude  line
passes  through the Tarim Basin from 80°E eastward to
90°E, THI  remains  stable  at  a  value  around  55.  Simil-
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arly,  as  the  40°N  latitude  line  passes  eastward  from
90°E  through  the  Loess  Plateau  and  the  North  China
Plain,  THI  values  drop  to  about  50.  While  THI  in  the
area  west  of  80°E  on  the  50°N  latitude  line  fluctuates
just  a  small  amount,  remaining  between  40  and  50,
mainly because these regions are at low altitudes, char-
acterized  by  flat  terrain  on  the  eastern  European  plains
where THI remains relatively high and stable. Values to
the east of 80°E fluctuate drastically, because the 50°N
latitude line  passes  through the  Kazakh hills,  the  Mon-
golian  Plateau,  and  the  northern  part  of  the  Northeast
Plain where terrain undulates.

(2) Changes of THI in longitudinal direction
Fig.  5a  reveals  change  trends  of  mean  THI  across

B & R regions. Results show that THI values clearly de-
crease as the latitude increases, consistent with temper-
ature change characteristics.

Figs.  5b, 5c,  and 5d  reveal  longitudinal  changes  in
THI  at  45°E,  75°E,  and  100°E  longitudes.  Values  of
THI along the 45°E longitude line reveal an overall de-
creasing trend from south to north as latitude increases.
Sharp fluctuations in the range between 35°N and 45°N
are  due  to  the  presence  of  the  Gros  Mountains  and  the
Iranian  Plateau  in  WAME  where  altitude  is  relatively
high and temperature remains relatively low, leading to

a sudden THI drop.  Values of  THI on the 75°E longit-
ude  line  remain  stable  at  around  70  across  the  range
between  0°N  and  32°N.  The  ‘trough’ in  the  range
between  32°N and  45°N is  mainly  due  to  high-altitude
areas  across  the  western  Qinghai-Tibet  Plateau,  the
Pamirs,  and  the  Tianshan  Mountains.  Values  of  THI
along the 100°E longitude line also decreases from low
to  high  latitudes.  Due  to  the  presence  of  the  Qinghai-
Tibet Plateau, the Badain Jaran Desert, and the Mongo-
lian Plateau between 30°N and 50°N, values of the THI
across this region display two troughs and one peak.

Overall,  latitude  and  altitude  have  more  significant
impacts on the value of THI compared to longitude. THI
values tend to decrease from south to north in the longit-
udinal  direction.  On  the  same  latitude  line,  the  THI
value of the area with higher altitude is lower than that
with lower altitude. 

3.2　THI-based climate suitability assessment
Based on the above analysis of THI spatial  distribution
within regions along the B & R, we revealed the influ-
ence of  THI on population distribution through analyz-
ing  the  correlations  between  the  two  parameters.  The
correlation results contributed to the formation of a new
of THI classification criteria with reference to the exist-
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ing  criteria  proposed  by  previous  studies  (Tang  et  al.,
2008; Zhong  et  al.,  2019; You  et  al.,  2020).  Climate
suitability assessment criteria of human settlements was
then determined.  Finally,  a  climate  suitability  assess-
ment based on THI was performed. 

3.2.1　 Correlations  between  population  density  and
THI
Correlation analysis results (Fig. 6) show that when THI
is  higher  than  35  and  lower  than  80,  it  is  significantly
correlated with population distribution in regions along
the B & R (Pearson’s r = 0.756, P < 0.01), sufficient to
show that THI is an important factor influencing popu-
lation distribution. When THI values are lower than 35,
population density  is  basically  zero,  which implies  that

these regions are not suitable for human habitation. But
while values fall between 35 and 80, population density
tends to fluctuate upwards. Colder regions with THI val-
ues  between  35  and  45  tend  to  be  sparse  populated,
comprising less than 4% of the regional population. THI
values and the cumulative population distribution curve
show  that  more  than  90%  of  the  population  in  areas
along the B & R is concentrated within a range between
45  and  77.  Populations  in  areas  with  THI  values
between  60  and  72  account  for  one-third  of  the  entire
B  &  R  region.  A  set  of  THI  classification  criteria
(Table 1) applicable to the B & R region is determined
combining the correlation results and the existing classi-
fication  criteria  proposed  by  previous  studies  (Tang  et
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al., 2008; Zhong et al., 2019; You et al., 2020). 

3.2.2　Climate suitability  assessment  criteria  for  hu-
man settlements
Based  on  the  THI  classification  criteria  (Table  1), re-
gions along the B & R can be divided into non-suitable
(NSAs), critically suitable (CSAs), low suitable (LSAs),
moderately  suitable  (MSAs),  and  high  suitable  areas
(HSAs). Climate  suitability  assessment  criteria  for  hu-
man settlements based on THI are summarized in Table 2.

It is clear that NSAs are regions that are not suitable
for human to live for a long time. These regions are ex-
tremely cold areas with THI values lower than 35 or ex-
tremely sultry areas with THI higher than 80. Similarly,
CSAs  are  regions  restricted  by  climatic  conditions  that
are  barely  suitable  for  humans  to  live  all  year  round.
CSAs are areas with THI values between 35 and 45 and
between  77  and  80.  LSAs  are  moderately  restricted  by
climatic conditions,  generally suitable for  human resid-
ence  all  year  round.  LSAs  are  areas  with  THI  values
between  45  and  55  and  between  75  and  77.  MSAs  are
subject to  certain  climatic  conditions,  moderately  suit-
able  for  human life  all  year  round.  Climatic  conditions
in  these  areas  are  relatively  good,  encompassing  areas
with  THI  between  55  and  60  and  between  72  and  75.
HSAs are  not  subject  to  climate  restrictions,  most  suit-
able for humans throughout the year. HSAs have superior
climatic conditions with THI values between 60 and 72. 

3.2.3　 Climate suitability  zoning  for  human  settle-
ments
On this basis of the spatial distribution characteristics of
THI  as  well  as  climate  suitability  zoning  standards
(Table  2), we  conducted  a  climate  suitability  assess-
ment  of  human  settlements  across  the  whole  B  &  R
area.  Results  (Fig.  7, Table  3)  indicate  that  the  overall
climate  suitability  of  areas  along  the  B  &  R  shows  a
band-like  distribution pattern,  tending to  decrease  from
central to north-south. Regions with suitable climate in-
cluding HSAs, MSAs, and LSAs account for more than
half of the total area and contain in excess of 90% of the
total  population.  The  CSAs  encompass  19.48%  of  the
total area and carry 8.98% of the total population, while
the  NSAs  account  for  29.90%  of  the  total  area  and
0.18% of  the  total  population.  The  results  indicate  that
the climate is an important factor affecting regional pop-
ulation distribution.

(1) HSAs
The HSAs within the B & R stretches over 863.17 km2,

17.23%  of  the  whole  area  with  a  population  of  about
33.99% of the total (Table 3). HSAs are mainly distrib-
uted in  southern  China,  the  northern  Indochina  Penin-
sula in SEA, the southern foothills  of the Himalayas in
SA,  across  most  parts  of  WAME,  and  on  the  Turan
Lowlands in southern CA (Fig.7).

HSAs within  WAME are  the  largest  amongst  all  the
seven  regions,  reaching  394.28  ×  104 km2 and encom-
passing  53.22%  of  the  total  area  within  this  region
(Fig. 8). This area therefore accounts for 45.68% of total
HSAs along the B & R. The corresponding population is
254.89  ×106,  59.69%  of  the  total  WAME  population,
which is  mainly  distributed  in  Egypt,  the  Iranian  high-
lands,  desert  areas  of  the  northern  Arabian  Peninsula,
and the highlands and mountains of  the western Arabi-
an  Peninsula.  Second  to  WAME,  total  HSAs  within
China  cover  163.96  ×  104 km2,  about  one-fifth  of  total
B & R area. Corresponding population is 686.03 × 106,
about  half  of  the  total  population  of  the  country  and
more than two-fifths of the total in HSAs along the B &
R.  The  land  area  of  HSAs  within  the  CEE  is  0.41  ×
104 km2,  about  0.19% of  regional  total  area.  Similarly,
HSAs in CEE encompass 0.66% of the region’s popula-
tion,  distributed  on  the  Mediterranean  coast  of  the
southwestern Balkan  Peninsula  Region.  No  HSA  cli-
mate zones within the MR are present due to extremely
low THI.

 
Table  1    Classification  criteria  of  temperature-humidity  index
(THI)
 

THI Body perception THI Body perception

≤35 Freezing cold 65−72 Snug

35−45 Cold 72−75 Hot

45−55 Slant cold 75−77 Very hot

55−60 Chilly 77−80 Stuffy

60−65 Cool >80 Extremely stuffy

 
Table 2    Climate suitability assessment criteria for human settle-
ments along the Belt and Road based on temperature-humidity in-
dex (THI)
 

THI Climate suitability

≤35, >80 Non-suitable areas

35−45, 77−80 Critically suitable areas

45−55, 75−77 Low suitable areas

55−60, 72−75 Moderately suitable areas

60−72 High suitable areas
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HSAs  of  China  and  SA  are  densely  populated
(Fig.  8),  which  indicates  that  the  climate  suitability
matches the population distribution well  in this  two re-
gions. Although the HSAs of WAME is relatively large,

the  population  density  is  relatively  low  compared  to
China and SA, which implies that in addition to climat-
ic  factors,  other  factors  (such  as  land  cover)  also  have
great impact on the human life.
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Table 3    Area and population of each climate suitability zone along the Belt and Road
 

Climate suitability zone HSAs MSAs LSAs CSAs NSAs

Area /104 km2 863.17 626.19 1046.70 975.86 1498.10

Perception /% 17.23 12.50 20.89 19.48 29.90

Population /106 1556.19 1501.82 1101.31 411.25 8.43

Perception /% 33.99 32.80 24.05 8.98 0.18
Note: NSAs means non-suitable areas, CSAs means critically suitable areas, LSAs means low suitable areas, MSAs means moderately suitable areas and HSAs
means high suitable areas
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(2) MSAs
MSAs  encompass  a  land  area  of  626.19  ×  104 km2,

accounting for 12.5% of the total area. The correspond-
ing  population  is  1501.82  ×  106,  accounting  for  about
one-third  of  the  overall  total.  These  people  mainly  live
in China, CA, WAME, SA, and SEA (Fig. 7).

Compared  with  the  other  regions,  SA  encompasses
the largest proportion of MSAs (Fig. 9), 197.59 × 104 km2,
or  41.41%  of  this  total  area.  This  region  contains
907.92 × 106 people, more than half of the total popula-
tion of SA, in excess of three-fifths of the MSA popula-
tion along the B & R.  MSAs in SA are mainly distrib-
uted on the Malwa and Deccan plateaus, on the eastern
Ganges  Plain  and  in  southern  Sri  Lanka.  MSAs  across
WAME are slightly smaller  than in SA, accounting for
22.19% of  total  area  across  this  region,  about  one-fifth
of  the  total  area  of  the  MSA  containing  about  one-
quarter  of  the  total  population.  These  areas  are  mainly
concentrated in the southeast of Egypt as well as in the
north,  west,  and  south  of  the  Rub  Khali  Desert  on  the
Arabian Peninsula. MSAs encompass 106.05 × 104 km2

of  China  (11.05%  of  the  total  country)  and  contain  a
population of 398.74 × 106,  in excess of one-quarter of
the  whole  country.  They  are  primarily  located  on  the
North China Plain, in the northeast of the Tarim Basin,
across most of the Turpan Basin, in the northeast of the
Yunnan-Guizhou  Plateau,  in  the  Fenwei  Valley,  and
within mountainous and hilly areas around the Sichuan
Basin.  In  excess  of  40%  of  the  CA  population  live  in
MSAs  covering  an  area  of  48.88  ×  104 km2.  MSAs  in
both CEE and MR encompass less than 5.00 × 104 km2,
with a population of 6.33 × 106 and 2.69 × 106, respect-
ively, scattered in southern coastal areas.

(3) LSAs
Data  show  that  LSAs  along  the  B  &  R  encompass

1046.70  ×  104 km2 (20.89%  of  total  area),  including  a
population  of  1,101.31  ×  106 (24.05%  of  the  total).
LSAs  are  widely  distributed  across  all  seven  regions
(Fig. 7).

LSAs  within  China  are  the  largest  of  all  regions
(Fig. 10); these zones are also the largest climate suitab-
ility  type  within  this  country,  up  to  277.88  ×  104 km2,
close to 30% of total area and carrying 17.34% of total
population. LSAs in China are mainly distributed on the
Shandong Peninsula,  the Northeast  Plain,  the Liaodong
Peninsula, the southwest of the Inner Mongolia Plateau,
the  Loess  Plateau,  and  the  Northwest  Basin.  LSAs  in
CA, CEE, WAME, and SEA all cover an area of about
150.00  ×  104 km2.  LSAs  within  SEA  encompass  the
largest  population  (212.18  ×  106),  followed  by  CEE
(159.25  ×  106),  and  then  less  than  65.00  ×  106 in  CA
and  WAME.  LSAs  in  SA  and  MR  both  encompass
about 93.00 × 104 km2, even though the populations of
these  two regions  are  quite  different,  295.21 × 106 and
34.42  ×  106,  respectively.  LSAs  in  SA  are  located  in
central Afghanistan, along the southern part of the bor-
der  between  Pakistan  and  India,  and  at  the  junction  of
plains and mountains in the central-eastern Indian Pen-
insula.  LSAs  in  MR  are  mainly  distributed  on  plains
located to the north of the Greater Caucasus Mountains
and to the south of the Don River.

(4) CSAs
CSAs  within  the  B  &  R  cover  an  area  of  975.86  ×

104 km2 (19.48% of the entire region), containing a pop-
ulation of 411.25 × 106 (8.98% of the total). CSAs com-
prise transitional zones between suitable and unsuitable
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areas  along  the  B  &  R  and  are  distributed  spatially  in
central and northern regions (Fig. 7). The northern cold
area  remains  sparsely  populated,  while  the  central  hot
area is relatively dense with people.

CSAs across MR encompass more area than other re-
gions (Fig. 11), up to 530.11 × 104 km2 (29.57% of the
total MR area), in excess of half of total CSAs along the
B & R. More than 70% of the total MR population live
in CSAs, widely distributed on the plains of southwest-
ern Russia as well as on the central and eastern Mongo-
lian  Plateau.  CSAs in  China  are  second  most  abundant
to those  in  MR,  mainly  distributed  in  southern  hinter-
lands  and  eastern  mountain  areas  of  the  Qinghai-Tibet
Plateau,  in  the  surrounding  mountains  of  the  Qaidam
Basin,  in  the  Northeast  Plain,  and  in  surrounding  areas
within the Tianshan Mountains. CSAs in China encom-
pass  more  than  one-quarter  of  total  area  within  this
country  and  4.81%  of  total  population.  Indeed,  CSAs
within CA account for 32.39% of the total area but only

contain 10.98% of the total  population,  concentrated in
northern  Kazakhstan  and  the  area  around  the  Tianshan
Mountains.  CASs  within  SEA  encompass  an  area  of
63.01  ×  104 km2 (14.52%  of  total  area)  and  contain  a
population of 289.06 × 106, the highest  amongst  all  re-
gions.  These  CASs  are  mainly  distributed  within  the
Chao Phraya River Basin in Thailand, the plain of Cent-
ral  Cambodia,  the  Mekong  Delta  in  southern  Vietnam,
the central Philippines, and some places in Malaysia and
on the  Indonesian  archipelago.  CSAs in  CEE,  WAME,
and SA are all less than 45.00 × 104 km2; populations of
CEE and WAME are about 10.00 × 106,  while those in
SA are up to 140.89 × 106, mainly distributed in central
and  eastern  Afghanistan  as  well  as  within  the  narrow
and long area at  the southern foot  of  the Himalayas,  in
the  southeastern  coastal  area  of  the  Indian  Peninsula,
and in the northern coastal area of Sri Lanka. Although
southern SEA and southeastern SA are CSAs, the popu-
lation density  is  high.  This  is  mainly  because  these  re-
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gions are in plain areas, with flat terrain and dense wa-
ter  networks  which  are  conducive  to  people’s produc-
tion and life.

(5) NSAs
These  areas  within  the  B  &  R  cover  an  area  of

1,498.10 × 104 km2 (29.90% of the total) and contain a
population  of  8.43  ×  106 (0.18%  of  the  total).  Indeed,
compared  with  other  suitability  zones,  NSAs  cover  the
largest land  area  but  also  contain  the  smallest  popula-
tion.  These NSAs are  highly concentrated in  high-latit-
ude and altitude areas (Fig. 7).

Around 78% of  total  NSAs within  the  B & R are  in
MR (Fig.  12), a  significantly bigger area than other re-
gions,  concentrated  in  mountainous  areas  of  northwest
Mongolia,  the  Western  Siberian  Plain,  the  Central
Siberian  Plateau,  and  the  Russian  Far  East.  It  is  clear
that  about  65.28%  of  total  population  within  NSAs
along the B & R are found in this region. NSAs in China
encompass an area of 169.63 × 104 km2, in second place
to MR, and are home to a population of 1.30 × 106, less
than one thousandth of the total population in this coun-
try. High-latitude and altitude areas in China are NSAs,
including the  northern  Tibet  Plateau,  the  Qilian  Moun-
tains, the Pamirs and Tianshan Mountains, as well as the
Daxingan Mountains.  NSAs  within  CA  and  SA  com-
prise  both  less  than  20.00  ×  104 km2 and are  concen-
trated  in  the  Pamirs,  the  Alatau,  Tianshan,  and  Hindu
Kush  mountains  as  well  as  within  the  narrow  strip  of
land in the southern Himalayan foothills. NSAs in CEE
and  WAME  encompass  both  less  than  0.80  ×  104 km2

where there is very little population. Climate within the
SEA is relatively good and no NSAs are present. 

4　Discussion

The climate  suitability  assessment  of  the  human settle-
ments can reveal the matching degree of population dis-
tribution and  climatic  conditions.  The  assessment  res-
ults can help guide the reasonable distribution of popu-
lation  and  provide  a  scientific  basis  for  the  territorial
and spatial planning of various countries and regions. In
this study, the previous climate suitability zoning stand-
ards  (Tang  et  al.,  2008; Zhong  et  al.,  2019) were  re-
vised based on the correlation between THI and popula-
tion  distribution,  and  a  new  set  of  climate  suitability
zoning standards suitable for the B & R were obtained.
The  climate  suitability  assessment  along  the  B  &  R  in
this study was carried out given the premise that people
do not rely on any equipment and facilities to cope with
either a cold or hot climate. Though this approach does
not  take  into  account  the  contribution  of  science  and
technology  to  population  resistance  to  adverse  climatic
conditions, the results of this study show a high degree
of  spatial  consistency  between  population  distribution
and  climate  suitability  zoning.  In  addition,  our  results
are  similar  to  those obtained by Tang et  al.  (2008)  and
Kong (2020): in general, the climate suitability is gener-
ally  distributed in  a  zonal  pattern,  decreasing from low
altitude areas to high altitude areas on the same latitude
(except SA  and  SEA),  and  decreasing  from  the  south-
east  to  the northwest  in China.  The above results  show
that the assessment method used in this study can reas-
onably reveal the spatial distribution of the climate suit-
ability for the B & R.

The countries  and regions along the B & R are vast,
with  large  north-south  spans,  different  terrains,  diverse
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mountain  ranges,  and  complex  climate.  Using  a  single
standard  to  evaluate  the  climate  suitability  of  this  vast
area could weaken the differences in people’s adaptabil-
ity to the local climate in different regions. Therefore, it
remains  a  key  scientific  issue  that  needs  to  be  deeply
discussed to quantitatively delimit  the range of biomet-
eorological  indices  (such  as  THI)  for  different  climate
suitability areas according to the human acclimatization
of  different  regions.  In  addition,  the  climate  suitability
evaluation  of  this  study  is  mainly  based  on  the  multi-
year average temperature and relative humidity data. In
fact,  the  factors  that  affect  climate  suitability  include
precipitation,  solar  radiation,  air  pressure,  vegetation
coverage  and  so  on  (Kong  et  al.,  2019).  Therefore,  in
the  future  research,  it  is  necessary  to  fully  explore  the
impacts of multiple factors in consideration of the avail-
ability of data, in order to conduct a comprehensive and
objective evaluation of the climate suitability of the hu-
man settlements.

The  continuous  warming  and  the  high  frequency  of
extreme weather events under climate change will cause
the  climate  suitability  of  each  region  to  change.
However,  fine-grained  projection  of  climate  suitability
is scarce.  Therefore,  time  dynamic  evaluations  or  pre-
dictions of climatic suitability based on the technology-
driven application  of  big  data  and  future  climate  scen-
arios (Kubo et al., 2020; Liu et al., 2020) is expected to
launch in  the  future,  which  can  enrich  our  understand-
ing of climate change impacts on human settlements. 

5　Conclusions

The  THI  was  calculated  based  on  the  multi-year  mean
temperature and relative humidity at a 1 km spatial res-
olution  for  the  B  & R.  The  correlation  results  between
population distribution and this  index was the basis  for
the determination of the climate suitability zoning criter-
ia which enabled us to evaluate the climate suitability of
human settlements for the B & R. The following conclu-
sions were drawn from the results of the analysis:

(1) THI values for areas along the B & R have experi-
enced  a  significant  fluctuating  downward  trend  from
south  to  north  as  latitude  increases.  Values  for  THI  in
most regions  are  between  35  and  75.  The  area  of  ex-
tremely cold  regions  with  THI  value  less  than  35  ac-
counts for  nearly  30%  of  the  entire  region.  These  re-
gions are mainly located in high-latitude and altitude re-

gions. Regions with THI values greater than 75 tend to
have muggy climates.

(2) The population distribution of areas along the B &
R is significantly correlated with the THI when THI val-
ues  are  higher  than  35.  Thus,  the  correlation  between
population  distribution  and  THI  can  be  used  as  a  basis
for  determining  climate  suitability  zoning  criteria.  This
method  provides  a  new  perspective  and  reference  for
determining the suitability assessment criteria of human
settlements.

(3) The results of climate suitability zones show that
regions  with  suitable  climate  including  HSAs,  MSAs,
and LSAs account for 50.62% of total area and contain
in excess of 90% of the total population. These areas are
widely distributed  in  the  southern  region of  45°N latit-
ude  with  the  exception  of  the  Qinghai-Tibet  Plateau.
HSAs  are  mainly  distributed  within  the  southeastern
part of China, within the northern part of the Southeast-
ern  Peninsula,  and  across  most  parts  of  WAME. CSAs
encompass 19.48% of the entire area and contain 8.98%
of  the  total  population;  these  are  mainly  distributed  in
the southwestern MR, in the southern and eastern parts
of  the  Qinghai-Tibet  Plateau,  in  eastern  parts  of  the
Northeast  Plain,  in  northern  CA,  in  northern  CEE,  in
parts  of  WAME,  in  southeast  coastal  areas  of  SA,  and
across the southern Indochina Peninsula. NSAs account
for less than 30% of total area; these are concentrated in
the  MR,  on  the  Chinese  Qinghai-Tibet  Plateau,  and  in
other cold  high-latitude  and  altitude  areas.  These  re-
gions encompass just 0.18% of the total population.
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