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Abstract
Traditional classification approaches tend to classify climates in terms of one or a few climatic variables given the specific 
circumstances. However, climate incorporates wide varieties of variables and serves as a cumulative process. In the pre-
sent research, the number of 197 climatic parameters were selected and evaluated drawing upon data from the Iranian 
Meteorological Organization at 164 selected stations during the period of 1981 to 2018. After accuracy verification (by 
statistics of reliable synoptic stations in the area), such parameters were applied to develop a database. Then, upon 
reviewing of the library documents while considering the effective climatic elements in the formation and distribution of 
vegetation in different regions of Iran, finally 137 climatic variables were identified, in turn used as input data to perform 
factor analysis in SPSS software. Such variables greatly affect the climate of each region, and in fact, are determinant 
factors of the climate in each area. Subsequently, cluster analysis was performed on climatic factors obtained from the 
factor analysis method. According to the results, throughout the Iran, nine factors of temperature, relative humidity, 
cold season rainfall, warm-season rainfall, wind speed, semi-cloudy days, thunderstorm and snowy day with eigenvalues 
greater than one were 29.71, 22.32, 9.58, 7.52, 6.22, 6.80, 4.25, 3.69, 2.22%, respectively and totally accounted for 92.35% 
of the variance the data. Cluster analysis was an important step in determining the number of homogeneous clusters in 
this study. For this, the wards method was applied. First, by GIS software, the whole of Iran was divided into two climatic 
zones, and the climatic factors separating Iran into two zones were identified. Then two areas were divided into three 
sub-areas and this was continued until the final stage and at each stage, the factors separating the climatic zones were 
identified. By the final stage, it means stage at which the number of suitable and final zones is obtained. Subsequently, 
we reached from the climatic zone of 25 to zone of 26, so that all suitable climate zones of Iran were obtained by cluster 
analysis. While we proceeded from the zoning phase of 26 to 27 and up, it had no effect on climate factors, and no factor 
was identified as a separating factor of climatic zones. Eventually, based on the multivariate statistical methods, 26 bio-
climatic zones for Iran was obtained. Then, the overall vegetation map of Iran was networked by the kriging method and 
matched to the Iranian map of climatic zones. And exactly the dominant vegetation types were studied and introduced 
within each climatic zones. Finally, the results of the multivariate statistical method were compared with those of the 
traditional Pabout method and the weaknesses and strengths of the Pabout method and also multivariate statistical 
methods used in the bio-climatic zonation of Iran were investigated.
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1 Introduction

In a given area, the environmental potential depends on 
enormous factors. Such factors include climatic factors 
in turn along with land, water, and biological factors 
have great contributions in determining a region’s envi-
ronmental and economic development. Much attention 
has been paid to the climate in the environmental 
impact assessment of each region. The basic question in 
the early stages of evaluating the climatic potential of 
an area is whether climatic resources differ spatially and 
temporally? And also what is the exact nature of climatic 
resources? These stages of climatic classification deter-
mine the spatial characteristics of climatic resources. The 
main purpose of climatic classification is to determine 
geographical areas with similar climates or potentials. 
Climate has a very key and important role in the distribu-
tion of vegetation species [8]. Not surprisingly, such bio-
climatic classifications across countries [31] denote the 
relationship between climatic patterns to vegetation 
species distribution across a country or in a limited area 
of a country [3, 4]. Also, the purpose of bio-climatic clas-
sification is to link land uses to maintain priorities. [20] 
The prevailing assumption in these classifications is that 
climate is constant, although climate change is consid-
ered to be the result of human activity [10]. Climate 
change will affect the design and pattern of climate 
potential across countries, which not only affects the 
distribution of vegetation species and population levels 
They even influence management policies that protect 
vegetation species and their habitats [9]. Climate analy-
sis methods based on computer models have been used 
rapidly and extensively over the past few decades [25] 
in global scale, the climate is typically the most impor-
tant controller of vegetation species, and other factors, 
such as soil, topography, and human which have a 
smaller scale, are surely important, but are of secondary 
importance [22]. The climatic zonation of Pabout [19] is 
one of the initial efforts in the classification of Iran’s bio 
climate. So that the bio climate of Iran was divided into 
three climates: Caspian climatic zone, Iran and Turani 
climatic zone, and Gulf—Omani zone. The criterion for 
Pabout classification is mainly rainfall, although, in the 
Caspian bio-climatic zone, altitude is also considered. 
Although the Pabout method has disadvantages, due to 
the lack of climatic information at the time of presenta-
tion, this system is valuable. But, since in this method, 
Iran’s climatic zones are presented only on the basis of 
one climatic variable (annual rainfall), it has many major 
drawbacks and objections. The topic of bio-climates and 
the study of important climatic factors affecting vegeta-
tion is a very important issue, not only in Iran but 

throughout the world. So in this regard, Amigo and Ram-
irez [2] classified the bioclimatic classification in Chile, 
the climatic data of precipitation and temperature were 
taken from 140 meteorological stations, and finally the 
results of this study led to 4 climatic bioclimatic zones, 
which were: Tropical climate, Mediterranean climate, 
temperate climate and climate of northern area of Chile, 
also in the temperate climatic region, due to the climatic 
belt, the diversity of forest climax communities was dis-
cussed. Gavilan [6] used climatic parameters in vegeta-
tion, in this study, over 100 Phytoclimatic and climatic 
parameters were evaluated with using climate data 
recorded from 260 meteorological stations in an area 
called Iber in Spain. Multivariate statistical methods and 
estimation analysis were used as statistical methods. The 
classification results showed different levels of correla-
tion between climatic parameters. So that, 111 climatic 
parameters were divided into 5 larger groups. As 
expected, rainfall and temperature were variables that 
affecting the classification of vegetation cover area. 
Stiner [27] used 16 variable climate variables in 67 mete-
orological stations to analyze the United States by factor 
analysis. The results showed that 4 factors of humidity, 
weather disturbance, drought and temperature capabil-
ity justifies 88.6% of the variance of the initial data. Mar-
tinez et al. [14] by multivariate statistical methods, deter-
mined of bioclimatic classification of Mexico City, for this 
study climatic data were extracted from 37 meteorologi-
cal stations over a period of 30 years. The results showed 
that there are two large climatic regions in the region, 
which themselves are divided into four small climatic 
regions that had similar climatic characteristics. The most 
important climatic parameters which zoning was based 
on them were: temperature, rainfall, days with fog and 
frost, days with thunder storm, days with hail and freez-
ing days. Zhou et al. [33] developed a climate map of 
Australia. In this study, spatial analysis techniques were 
used to create regional climate maps, which use climate 
variables to develop climatic zones: average annual rain-
fall, average annual evaporation and transpiration, 
annual average daily growth rate and average daily 
growth. The variables were obtained from 12 local mete-
orological stations for a period of 36 years from 1971 to 
2006. Climatic data were used to analyze and evaluate 
regional climate variables by analyzing clusters in the 
GIS environment. Finally, GIS-dependent spatial analysis 
models are used to encapsulate sub-regional climatic 
maps from a set of climatic parameters derived from 
regional climatic data sources, which are two general 
climate patterns: based on the analysis, local clusters are 
presented in accordance with climatic variables. And 
another pattern includes (three comprehensive hydro-
thermal zones and six balanced hydrothermal zones). 
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Gould et al. [7] explored the bioclimatic zone along the 
Canadian coast, showing the results of 5 sub-climatic 
zones in the study area. As in each of the following areas, 
the dominant vegetation cover was based on vegetative 
forms. In all 5 climatic zones, which were represented by 
the letters A to E, the dominant vegetative forms were: 
A, pillows forbs, and B: creeping shrubs and shrubs: And 
C: shrubs and semi-creeping shrubs D: shrubs and erect 
shrubs E: shrubs, single shrubs with low density. Pesaresi 
et al. [21] in a study entitled “Italian bio-Climate” by using 
of worldclim data sources from climate data of tempera-
ture and precipitation with the Gis environment, pre-
pared similar bio-climate maps and macro bioclimatic in 
Italy. The results show that these maps are useful as a set 
of raster data for purposes such as (1) identification of 
climatic regions of Italy (2) interactions between envi-
ronmental—vegetation which used as modeling on 
national scales. Junior et al. [11] Applied Coupon Meth-
ods for Climatic zonation in Minas Gerias State of Brazil, 
finally, the results of climatic zoning were presented as 
a map.which on this map, climatic zones with acronyms 
A, B, C were named, which were: A tropical rainfall cli-
mate B: dry climate C: temperate tropical climate. Hossell 
et al. [9] classified bio Climates of Britain and Ireland. In 
this study, 89 climate variables that have been of great 
climatic importance were studied by the method of basic 
components and cluster analysis. Finally, a map of the 
climatic zonation of Britain and Ireland by using of geo-
graphic information system is presented Also, the domi-
nant species of each Zones, which are mainly tree spe-
cies, have been introduced. Singh et al. [26] in research 
conducted to bioclimatic survey in northeastern India. 
They used meteorological data collected over a 30-year 
period for this classification, the data were collected 
from the Guwahati Meteorological Center and 30 mete-
orological stations in India. The results showed that the 
northeastern region of India was divided into three cli-
matic zones: (a) hot and humid regions, (b) cold and 
humid, (c) cold and cloudy. This area is useful for a wide 
range of purposes, such as weather forecasting, building 
design, building energy protection, thermal comfort, 
and building design conditions. Netzel and Tomasz [18] 
on the application of cluster process for climatic classifi-
cation, used 33 homogeneous clusters to create similar 
climate maps And compared by the koppen-Geiger clas-
sification method using theoretical information. The 
results showed that the best climatic zoning is done 
when 3 climatic variables (precipitation, temperature 
and maximum and minimum temperature) are used. And 
about half of the climates obtained using these variables 
corresponded to the koppen-Geiger method. And even 
the climatic zones obtained with these three climate 
variables are more homogeneous than the climatic 

zones obtained by koppen-Geiger method. Malmgren 
[13] analyzed climatic zoning in Puerto Rico based on the 
analysis of the principal components and the artificial 
neural network, and used climatic data of average sea-
sonal and maximum rainfall, minimum temperature, and 
average temperature over a period of 30  years 
(1960–1990). The principal components Analysis and 
varimax rotation was used to reduce the data size. The 
results showed that the 5 main factors justify 0.9 
changes. These factors are: mean minimum annual aver-
age temperature and average annual temperature, aver-
age annual maximum temperature, spring rainfall, sum-
mer rainfall, autumn rainfall. Finally, an artificial neural 
network algorithm was used to classify the scores of 
these five factors, which were obtained at the end of the 
four climatic zones. Wang et al. [29] in a study, conducted 
the northeastern climate of the United States. And with 
the aim of providing climatic data and providing com-
prehensive climate and historical information and cli-
mate change projects at an appropriate scale and easily 
accessible to researchers, they conducted this research. 
To do this, all climatic stations were used during the 
period 1901–2009, and variables such as daily growth 
temperature, number of annual frost days, drought index 
and maximum and temperature ambush were used. 
Rosati et al. [23] in a study entitled “bio-climate Map of 
Sardinia, Italy” by interpolation of technique and using 
temperature and rainfall variables prepared the bio-cli-
mate map of this region. Based on their results, two large 
bio-climates (Mediterranean and temperate oceans), one 
large semi-Mediterranean climate and four small conti-
nental climates, eight climatic horizons of thermal index 
(from the lowest warm Mediterranean civil climate) to 
the highest, seven embryonic climatic horizons (from 
minimum drought range to highest wetland) were iden-
tified. Martinez and Carbajal [15] in Climatic analysis 
linked to land vegetation cover of Mexico by applying 
multivariate statistical and clustering analysis showed 
that by applying two clustering criteria (K-means and 
Ward´s method) it was possible to define statistically 
groups of stations that delimit regions of similar climate. 
They also showed that the analysis would help create 
new climate scenarios, and that the dynamics of vegeta-
tion cover could be considered as a climate indicator. 
Tsemma et al. [28] in a study, used a combination of a 
nonlinear model to estimate changes in leaf area index 
due to climate fluctuations along with a hydrological 
model of variable penetration capacity to improve river 
basin forecasting under climatic change conditions. The 
hybrid model was used for 13 different sub-basin with 
different uses with different terrestrial coverings (cultiva-
tion, tree and pasture). The results showed that during 
the drought period, there was a significant decrease of 
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about 29.7% to 66.3% in the average annual runoff due 
to reduced rainfall and increased temperature. Also, 
when drought-related changes were included in the leaf 
area index, the average annual runoff forecast showed a 
smaller decrease (between 29.3 and 61.4%). Xu [32] in a 
valuable study at the Yellow China Watershed in China, 
studied the dynamics of vegetation cover and plant 
response to climatic elements in the watershed from 
1988 to 2008, with a cumulative approach from methods 
of involving correlation analysis, wave analysis, and wave 
regression analysis, the results showed that the correla-
tion of vegetation with rainfall and temperature was 
significant and positive, but on the other hand, the cor-
relation of vegetation with relative humidity and sunny 
hours was negative in some sites. Schmidt et al. [24] in a 
study entitled “The Relationship between Vegetation 
and Climate in the Tropical Areas of North Africa” studied 
the unilateral effect of weather on vegetation belonging 
to different classes. He showed that climate models pro-
vide consistent data without gaps in high spatial resolu-
tion. And a large and significant set of available climatic 
variables can be used as a perspective to transfer statisti-
cal relationships to future plans. They also showed that 
in addition to precipitation and temperature, other cli-
matic variables such as solar radiation and relative 
humidity play an important role. Leilei et al. [12] In “The 
Relationship between Vegetation with Rainfall and Sur-
face Temperature Based on Remote Sensing in Tibet, 
China” showed that Vegetation analysis under the 

influence of meteorological factors contribute to further 
research on the interaction of terrestrial ecosystems and 
climate change. And the results of this study showed 
that the average vegetation cover in August varies by 
about 0 to 99% depending on the location. And areas in 
southeastern Tibet receive between 600 and 800 mm of 
annual rainfall, while the western region of Tibet suffers 
from severe drought (less than 200 mm). The results of 
this study also showed that the average temperature of 
the earth’s surface in Tibet varies from − 8.9 to 16.3 °C, 
and the correlation coefficient between the vegetation 
and rainfall index in September is the highest. And veg-
etation from April to October is more affected by rainfall 
than ground temperature. Past bio-climatic zoning in 
Iran [19] due to necessity and need, tended to separate 
the zones based on one or a small number of variables. 
While climate includes several variables and is the same 
size as a cumulative process. On the other hand, the 
basis for introducing the bio-climatic zones in Iran is the 
map of presented by Pabout in 1969 (Fig. 14). And all of 
researchers, especially university professors and stu-
dents of natural resources and agriculture, refer to this 
old reference. While, unfortunately, Iran’s bio-climatic 
areas with this source and reference have many prob-
lems, which are discussed in the discussion section. 
Therefore, our purpose in this study is to first examine 
the various climatic elements that are extracted from 
Iranian meteorological stations. And in the next step, the 
climatic factors affecting the distribution of the 

Fig. 1  The study area
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dominant vegetation of Iran will be selected and the 
interaction between the primary variables will be per-
formed by reducing the number of variables by factor 
analysis method. And determine the effect and appear-
ance of each of the extraction factors in different loca-
tions (climatic zones). Then, by using the weight or score 
of each of the factors in different climatic zones and with 
cluster analysis (CA) method, divide these points into 
homogeneous regions and finally provide a precise zon-
ing of bio-climatic classification in the whole country of 
Iran.

2  Materials and methods

2.1  Study area

This study was conducted throughout Iran. Having an 
area of 1,648,198 km2, Iran is a country of West Asia and in 
the Middle East, as well as Central Asia and the Caucasus, 

Table 1  Climatic variables used 
as input data for factor analysis

Variable type (monthly and annual) Unit Number of 
variables

The average of minimum temperature °C 7
Freezing days daily 4
The average of maximum temperature °C 9
The average of temperature °C 13
The average of relative humidity Percent 7
The average of maximum relative humidity Percent 7
The average of minimum relative humidity Percent 7
Monthly precipitation mm 13
Days with precipitation mm 13
Days with thunder storm Daily 6
Days with dust Daily 7
The average of wind speed K note 10
Days with partly cloudy Daily 8
Days with cloudy Daily 6
Sunshine Hours 9
Days with precipitation greater than or equal to 10 of winter season mm 1
Days with precipitation greater than or equal to 10 of spring season mm 1
Days with precipitation greater than or equal to 10 of summer season mm 1
Days with precipitation greater than or equal to 10 of fall season mm 1
Days with snow of winter season mm 1
Days with snow of spring seaso mm 1
Days with snow of summer season mm 1
Days with snow of fall season mm 1
Days with precipitation greater than or equal to 5 of winter season mm 1
Days with precipitation greater than or equal to 5 of spring season mm 1
Days with precipitation greater than or equal to 5 of summer season mm 1
Days with precipitation greater than or equal to 5 of fall season mm 1
Totals 137

Fig. 2  Distribution of the studied climatic stations in this study
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coordinates 25 and 39 and 47 E and 44 and 63 18  N. Iran 
borders Armenia, Azerbaijan (including the Republic of 
Nakhichevan) and Turkmenistan in the north, Afghanistan 
and Pakistan in the east, and Iraq and Turkey in the west. 
In addition, Iran has a blue border in the Persian Gulf with 
Kuwait, Iraq, Saudi Arabia, Bahrain, Oman, Qatar, and the 
United Arab Emirates (Fig. 1).

2.2  Methods

In The present research, drawing upon the information 
obtained from the Meteorological Organization, 137 cli-
matic variables affecting the distribution of the predomi-
nant rangeland species of Iran, were selected as climatic 
databases. The period of the statistical year is from 1981 
to 2018 (Table 1). Since the data used in meteorologi-
cal stations is point (Fig. 2) and generally, the results of 
climate analysis can be generalized to large areas when 
they are converted from point data to area data by 
using interpolation methods [5]. Therefore, considering 
to the density and variability of the selected variables 
and by using of the most variable parameter, which is 
rainfall, the Variogram was analyzed to determine the 
appropriate distance size of the network dimensions, so 
that based on the result of Variogram analysis, a suit-
able interval, was specified to determine the size of this 
network. Therefore, the size of 35 × 35 km was chosen 
for Iran, and considering these dimensions, a Matrix with 
137 columns (variables) and 1267 rows (location) for Iran 
was obtained and the values of climatic variables were 
estimated by kriging method in each of the locations. 
Then, the KMO method was used to investigate the per-
formance of factor analysis [5]. The ultimate goal of fac-
tor analysis is two matrices of loading Factor and factor 
score, which all of the interpretations are performed on 
these two matrices. The loading Factor matrix explains 
the correlation between the factors resulting from the 
factor analysis and the main variables used to make the 
factors, another matrix is the Factor score matrix, which 
shows the spatial pattern of factors in the study area 
(Iran). And to draw the map of factors and are used as 
primary data for cluster analysis. In this research, factor 
analysis is performed by Principal component analysis 
and Varimax rotation on the primary data matrix, and 
finally, the number of variables reduced. The factors 
that, variance or their specific value, is less than one are 
no better than one principal variable. Because the vari-
ance of each main variable is one [5]. Therefore, in this 
study, the factors which had a specific value of more 
than one were selected. At the same time, Fig. 2 in this 
study shows the number of suitable factors for this study. 
Cluster analysis was an important step in determining 
the number of homogeneous clusters in this study.

This was done by the wards method. First, the whole 
of Iran was divided into two climatic zones, and the cli-
matic factors separating Iran into two zones were identi-
fied. Then 2 areas were divided into 3 areas and this was 
done until the final stage and at each stage, the factors 
separating the climatic zones were identified, the mean-
ing of the final stage is the stage at which the number 
of suitable and final zones is obtained. And when we 
reached from the climatic zone of 25 to zone of 26, all 
suitable climate zones of Iran were obtained by cluster 
analysis. So that, while we proceeded from the zoning 
phase of 26 to 27 and up, it had no effect on climate fac-
tors, and no factor was identified as a separating factor 
of climatic zones. Eventually, based on the multivariate 
statistical methods, 26 bio-climatic zones for Iran was 
obtained (Fig. 13). In the next step, the vegetation map 
of Iran with a scale of 1: 250,000 (prepared by the Forests 
and Rangelands Organization of Iran) was networked by 
the kriging method and matched with the map of Iran’s 
cellular network (which in this study, the whole of Iran, 
including 1267 cells, with grid dimensions of 35 km * 
35 km network). And vegetation and dominant species 
were identified in each of the 1267 locations (network 
cells) and in each bio-climatic zone.

3  Results

To examine the adequacy of this method is found to be the 
first step in the implementation of factor analysis is. Which 
is possible by calculating the K.M.O (Kaiser–Meyer–Olkin) 
coefficient. The value of the K.M.O coefficient in this study 
obtained 0.8. That Kaiser considers that this K.M.O coef-
ficient for factor analysis implement is a suitable and very 
good value (Table 2). Therefore, the coefficient of 0.806 
obtained in this study shows that the usage of the factor 
analysis method is suitable for this work. By applying the 
factor analysis on the primary data matrix, 9 factors with 
eigenvalue, greater than one were obtained (Fig. 3). There-
fore, it can be concluded that the bio- climatic zones of 
Iran are the result of the interaction of these nine factors, 
which totally accounted for 92.35% of the variance of the 

Table 2  Viewpoint on KMO coefficient [5]

Amount of K.M.O Data fit for factor analysis

Greater than or equal to 90 perfect
80–90% Very good
70–80% Good
60–70% Normal
50–60% Weak
Less than 50% Unacceptable
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primary data. The eigenvalues and percentage of the vari-
ance of each factor are shown in Table 3. Another matrix 
that results from factor analysis and varimax rotation is the 
factor load matrix. This matrix is the correlation between 
variables and factors, first, they were sorted according to 
their absolute value, and then values greater than 0.7 ± % 
were selected and the rest were deleted (Table 4).   

The reason for choosing values greater than ± 0.7% is 
that in some ways these numbers show the correlation 
between parameter and factor. And due to a failure in the 
values of the numbers after ± 0.7, which suddenly reaches 
the value of 0.3 and less, the value of ± 0.7 was selected 
as the boundary. As regards, which factor score values 
have been standardized, they have a mean of zero and 

a variance of 1, according to the above explanations, the 
following factors were extracted and named.

Within this matrix, the numbers of each column are 
correlated between a given factor and the main variables. 
The Table 4 shows the rotation of loading matrix in this 
research.

3.1  The rotation of loading matrix

In this matrix, the numbers of each column are correlated 
between a particular factor and the main variables. The 
Table 4 shows the rotation of loading matrix in this study.

3.2  Naming of the factors

In this matrix, the numbers of each column are correlated 
between a particular factor and the main variables, and to 
naming of the factors, the variables that had the highest 
correlation with the relevant factor were used in naming 
that factor, these factors are:

3.3  Temperature

This factor explains 29.71% of the total variance data, 
according to Table 4, thirty-three variables had a positive 
correlation of more than 0.7% with this factor, whereas all 
variables related to temperature (maximum monthly tem-
perature, minimum monthly temperature, daily tempera-
ture of 12 months and etc.), as well as variables of maxi-
mum annual temperature, minimum annual temperature 

Fig. 3  The scree plot showing 
the number of suitable factors

Table 3  Eigen values, percentage of variance and cumulative vari-
ance of each factor

Factors Eigenvalue Variance percent-
age

Cumula-
tive vari-
ance

1 13/46 71/29 71/29
2 80/19 32/22 04/52
3 16/8 58/9 62/61
4 72/5 52/7 15/69
5 3/13 6/22 95/75
6 3/95 6/80 17/82
7 27/2 25/4 43/86
8 2 69/3 12/90
9 79/1 22/2 35/92
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Table 4  Rotated factor loading matrix greater than ± 0.7

Variables Factors

Temperature Relative 
humidity

Cold season 
rainfall

Warm sea-
son rainfall

Wind speed Semi- 
cloudy days

Dust Thunder Snow

AminTjan* .9
AminTfeb .9
aminTmar .9
aminToct .9
aminTnov .9
aminTdec .9
aminTannual .9
Dwfreezjan* − .9
Dwfreezfeb − .9
Dwfreezdec − .9
Dwfreezannual − .9
amaxTmar .8
amaxTapr .8
amaxTmay .8
amaxTjuan .8
amaxTjuly .7
amaxTaug .7
amaxTseb .8
amaxToct .9
amaxTannual .8
ADTjan* .9
ADTfeb .9
ADTmar .9
ADTapr .9
ADTmay .9
ADTjuan .9
ADTjuly .8
ADTaug .9
ADTseb .9
ADToct .9
ADTnov .9
ADTdec .9
ADTannual .9
ARHmar .8
ARHapr .8
ARHmay .8
ARHjuan .8
ARHseb .9
ARHoct .9
ARHannual* .9
AmaxRHmar .9
AmaxRHapr .9
AmaxRHmay .7
AmaxRHjuan .7
AmaxRHseb .8
AmaxRHoct .9
AmaxRHannual* .9
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AminTjan* = average minimum temperature, Dwfreezjan* = day with freezing, Amax T* = average maximum temperature, ADT* = average 
mean daily temperature, ARHjan* = average relative humidity percent, AMax RHannual* = average maximum relative humidity percent, 
Amin RHP annual* = average minimum relative humidity percent, rainjan annual* = , monthly total rainfall, dwrjul* = day with rainfall in 
July, DWR10winter* = days with rainfall more than 10  mm in winter, DWR5winter* = days with rainfall more than 5  mm in winter Dwthu-
mar* = days with thunder storm, DWDUSTmay* = days with dust in May, Waug* = average wind speed in august, pcljan* = partly cloudy days 
in Jan, cljan* cloudy days in Jan, DWS days with snow

Table 4  (continued)

Variables Factors

Temperature Relative 
humidity

Cold season 
rainfall

Warm sea-
son rainfall

Wind speed Semi- 
cloudy days

Dust Thunder Snow

AminRHmar .8
AminRHapr .8
AminRHmay .9
AminRHjuan .9
AminRHse .9
AminRHoct .9
AminRHannual* .9
rainjul .7
rainaug .8
rainseb .7
rainoct .7
rainnov .7
raindec .9
rainannual .8
Dwthuannual .7
DWDUSTmay* .7
DWDUSTjuan .7
DWDUSTjuly .7
DWDUSTaug .8
DWDUSTseb .8
DWDUSTannual .7
wapr .8
wmay .9
wjuan .8
wjuly .7
Waug* .8
wsep .9
woct .9
wnov .8
wdec .7
wannual .9
pclannual .9
DWR10winter* .9
DWR10summer .8
DWR10autumn .8
DWR5winter* .9
DWR5summer .7
DWR5autumn .7
DWSNOWspring .9
DWSNOautumn .9
DWR5spring .9
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and annual temperature are in this subgroup. For this rea-
son, this factor is named temperature. Figure 4 shows the 
spatial distribution of this factor in Iran. Almost from the 

center of Iran to the east and southeast of Iran, the amount 
of this factor increases and from the central regions of Iran 
to the west and northwest of Iran due to high altitudes, the 
amount of this factor decreases.

3.4  Relative humidity

This factor explains 22.32% of the variance of the primary 
variables. According to Table  4, twenty variables have 
more than 0.7% correlation with this factor. And since that 
all of the variables related to relative humidity exist in this 
subgroup, this factor is named the relative humidity. Fig-
ure 5 shows the spatial distribution of this factor across the 
whole of Iran. As can be seen, the highest percentage of 
relative humidity, is related to the northern and southern 
regions of Iran, which are close to water sources.

3.5  Cool season rainfall

This factor explains 9.58% of the total variance of the 
primary variables, variables such as rainfall in winter and 
autumn seasons and rainfall in January, February, March, 
November, December, annual rainfall and etc., belong to 
this group, so this factor is named the Cool season rainfall, 
also the spatial distribution map of this factor is shown 
throughout Iran (Fig. 6). As can be seen, in the western and 
northwestern highlands of Iran, where the Alborz Moun-
tains are located, this factor has high and positive values.

3.6  Warm season rainfall

This factor lonely explains 7.52% of the total variance 
of the primary variables, the reason for naming this fac-
tor including variables such as rainfall in months of July, 
August and September, days with rainfall in summer and 
days with more than 5 mm rainfall in summer, that have a 

Fig. 4  Spatial distribution of temperature factor in Iran

Fig. 5  The spatial distribution of relative humidity factor in Iran

Fig. 6  The spatial distribution of cool season rainfall factor in Iran

Fig. 7  The spatial distribution of warm season rainfall factor in Iran
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strong correlation with more than 0.7% in subgroup. Fig-
ure 7 shows the spatial distribution map of this factor in 
Iran which in northern Iran and the Caspian Sea region, the 
amount of this factor is very high. Meanwhile in the cen-
tral, eastern and southeastern regions of Iran, the amount 
of this factor is higher than the rainfall factor of cold sea-
sons, which are located in these regions.

3.7  Wind speed

This factor was strongly correlated with all variables related 
to average of wind speed (all wind speed variables) and 
demonstrated the role of this factor in the effectiveness 
of separation of bioclimatic zones, particularly in east and 
southeastern of Iran. In this study all of relevant variables 
related to this factor, explained 6.22% of primary variables 
from total variance. And according to Fig. 8 the spatial dis-
tribution map of this factor is clearly shown throughout 

Iran. As can be seen, the highest amount of this factor is 
in east and southeastern of Iran, especially the north area 
of Sistan and baluchestan province.

3.8  Semi‑cloudy days

This factor was only strongly correlated with the annual 
semi-cloudy variable. For this reason this factor named 
semi-cloudy day’s factor. According to Fig. 9 the dis-
tribution map of this factor throughout Iran is clearly 
shown.

3.9  Dust

This factor explains 4.25% of the total variance of the 
primary variables, the variables of the days with dust 
in April–May–June–July–August–September months 
and the days with annual dust were included in this 

Fig. 8  The spatial distribution of Wind speed factor in Iran

Fig. 9  The spatial distribution of semi-cloudy day’s factor in Iran

Fig. 10  The spatial distribution of dust factor in Iran

Fig. 11  The spatial distribution of thunder storm factor in Iran
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subgroup and had a strong correlation of more than 
0.7% with this factor, so this factor named dust. Fig-
ure 10 shows the spatial distribution map of this factor 
in Iran and according to this map, the highest amount of 
the dust factor is in the Sistan and baluchestan province 
in southeast of Iran, areas in southern and southwestern 
Iran also have high amounts of this factor.

3.10  Thunder storm

This factor lonely explains 2.22% of the total vari-
ance from primary variables, and variables of days with 

thunder storm in June month and days with annual thun-
der showed a strong correlation and more than 0.7% with 
this factor and was the reason for naming this factor. Fig-
ure 11 shows the spatial distribution map of thunder storm 
throughout Iran.

3.11  Snow

This factor was named as the final factor and effective in 
this study which explains 1.29% of total variance from pri-
mary variables. Variable such as days with snow in season 
of winter, spring and autumn were correlated above 0.7% 
with this factor and according to Fig. 12 the spatial distri-
bution map of this factor has been shown in Iran (Fig. 13). 

3.12  Cluster analysis

3.12.1  Wards cluster analysis and determination 
the number of groups (homogeneous clusters)

Clustering by the Minimum variance method or total 
square errors (known as the Wards method, presented 
by [30] is very attractive intrinsically. Because it is based 
on a simple principle that at each stage of clustering, the 
variance within the clusters is minimized relative to the 
variance between the clusters, and at each stage, the 
two clusters are combined which to have the least (mini-
mal) increase in variance. This strategy is repeated until it 

Fig. 12  The spatial distribution of snow factor in Iran

Fig. 13  Separation of climatic zones (from zone 2 to the final zone, 26) based on Wards’ clustering in Iran
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eventually leads to successive groups and the final result 
is optimized. This method was also used in this study. Also, 
data in the Table 5 shows how to determine the most 
appropriate number of clusters by using Systat V.13 sta-
tistical software. The data in this table show the relation-
ship between Pseudo T2 and Pseudo F and the number 
of suitable bio-climatic zones. The number of suitable 
bio-climatic zones is where the Pseudo T2 value associ-
ated with that zone has a steep decrease compared to the 
next zone. (italic row) That in a row of 26 than to 27, there 
is a steep and sudden decrease in this data. The value of 
Pseudo T2 in this row (row of 26) is 120.89 and the data 
of its next row, i.e. row 27, (bold row) is equal to 37.84. As 
can be seen, there is no sudden change in this value in any 

row. Therefore, the most appropriate number of groups 
based on Pseudo T2 is 26 groups. Also, Fig. 14 shows the 
appropriate number of groups on the chart. Considering 
this figure, it can be seen that between 20 and 30 groups 
are suitable for Iran’s climatic zones.

3.12.2  Bioclimatic classification of Iran

Bioclimatic classification of Iran using the Pabout tradi-
tional method [19].

As per the Pabout method, Iran’s bio climates map 
includes 3 large vegetation Caspian zone, Gulf-Omani 
zone and Iran and Turani zone (Fig. 15). Caspian climatic 
zone is in the north of Iran and located in the form of a 
strip from west to east along the Caspian Sea. The zone of 
Gulf-Omani is located in the south of Iran and closed to 
the Persian Gulf and Oman Sea. And approximately, the 
85% remaining of Iran’s territory, especially the central, 
eastern, and western regions of Iran, is considered to be 
the climate of Iran and Turani. Of course, Henry Pabout 
divided this wide region (Iran and Turani) into 5 sub-
zones (semi-desert, steppe, semi-steppe, arid forests, and 
high mountains) based on the amount of rainfall. Also, 
the Caspian zone is divided according to the altitude to 
(vegetation area above the Caspian basin from 800 m and 
above and the lower vegetation area of the Caspian basin 
up to an altitude of 800 m). In general, according to the 
Pabout method and Fig. 15, Iran has divided into 8 climatic 
zones (semi-desert, steppe, semi-steppe, dry forests, high 

Fig. 14  The relationship between the number of groups and 
Pseudo T2, obtained by systat V.13 software

Fig. 15  Bioclimatic zonation of Iran by Pabout method
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mountains, Gulf-Omani, bioclimatic zone above the Cas-
pian Basin from 800 m and above and the lower biocli-
matic zone of the Caspian Sea up to an altitude of 800 m).

3.12.3  Bioclimatic classification of Iran by multivariate 
statistical methods

Given the results of multivariate statistical methods, Iran 
is divided into 26 bio-climatic zones (Fig. 16) and they are 
as follow:

3.12.4  Bio‑climatic zone (1): medium semi‑arid, very cold 
and ultra‑storm

This zone with an area of 12,921,233 ha is located in north-
western Iran (Fig. 16). The average height of this area is 
1685/93 me, based on the data in the table of factor scores 
(6) the score of temperature factor in this zone is nega-
tive and very high (− 1/23). Also, the score of cold season 
rainfall is negative and the score of warm-season rainfall is 
positive. Among other factors in this zone, the thunder fac-
tor score is significant and very high (+ 2.99) and consider-
ing that the average annual rainfall in this area is 289 mm 
Also, due to the higher weight factors of temperature, cold 

and warm seasons rainfall and thunderstorms, this zone 
was named as the climatic zone of “medium semi-arid, 
very cold and ultra-thundery”. The most important and 
dominant vegetation species in this area are: Astragalus 
angustiflorous, Artemisia fragrans, Acantholimon bractea-
tum, Agropyron imbricatum.

3.12.5  Bio‑climatic zone (2) “Humid, very cold, 
approximately thundery”

This bioclimatic zone is located in the western and north-
western border areas of Iran (Fig. 16). The area of this cli-
matic zone is 5,977,322 ha, the above sea level elevation 
of this climatic zone is 1637.77 m. According to the data 
in the table of factor scores (6) in this bioclimatic zone, 
the temperature factor has a negative and approximately 
high score, which indicates the severe cold prevailing in 
this climatic zone. The factor score of cold season rainfall 
is positive and very high (+ 2.42) also, among other factors, 
the score of thunder factor is almost high and significant. 
Therefore and due to the fact that the average annual rain-
fall in this area is 568 mm, this climatic zone was named 
“Humid, very cold and approximately thundery”. The pre-
dominant and significant vegetation types in this climatic 

Fig. 16  The bio-climatic classification of Iran by multivariate statistical methods
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zone are found in the form of Pillow and hemisphere, these 
vegetation types distributed in climatic conditions such 
as long periods of cold and low temperatures. From the 
most important and dominant vegetation species of this 
climatic zone can be mentioned to the following species: 
Ferula phialacarpa, Bromus tectorum, Astragalus caryolo-
bous, Prangus crossoptera.

3.12.6  Bio‑climatic zone (3) “semi humid, very warm 
and relatively dusty”

This bioclimatic zone with an area of 7.306637 ha located 
near the western border of Iran and includes parts of 4 prov-
inces of Ilam, Khuzestan, Lorestan, Kohgiluyeh, and Boyer-
Ahmad (Fig. 16).and the above sea level elevationof this 
area is 457.47 m. According to the factor scores Table 6, it 
is noticed that in this area, the factor score of temperature 
is positive and very high (+ 1.34), and also the factor score 

of the semi-cloudy days is almost high and positive (+ 0.52), 
the factor score Rainfall is positive and high in the cold sea-
son (+ 1.37), but the factor of rainfall in the warm season is 
negative (− 0.32). On the other hand, considering that the 
average annual rainfall in this climate zone is 338.43 mm, 
and according to the scores of factors which obtained in this 
zone that were mentioned and also especially the relatively 
high score obtained by the dust factor in this zone (0.545) 
this bioclimatic zone was named: semi-humid, very warm 
and relatively dusty zone. And from the most important and 
dominant species in this area can be mentioned to Salsola 
baryosma, Helianthemum lipii, Artemisia Sieberi, Cornulaca 
leucacantha species.

3.12.7  Bio‑climatic zone (4) medium semi‑arid, very cold 
and relatively snowy

This area covers an area of 788,276 ha, including areas 
in the northeast, north, and northwest of Iran (Fig. 16). 
The above sea level elevation of this climatic zone is 
1403.51 m. The data in Table 6 show that the tempera-
ture factor score in this zone is negative and very high 
(− 1.01). And the rainfall factor scores of the warm and 
cold seasons are negative, on the other hand, the factor 
scores of relative humidity and the semi-cloudy days in 
this area are very high and positive, and also the factor 
score of snow is positive. With these interpretations, and 
since the annual precipitation in this bio-climatic zone 
is 274 mm, this zone was named as “medium semi-arid, 
very cold and relatively snowy “. The most important 
dominant vegetation cover in this climatic zone is the 
following vegetation species: Artemisia Aucheri, Acan-
tholimon pterostegium, Astragalus esferayenicus, Acan-
tholimon acmostegium.

3.12.8  Bio‑climatic zone (5) semi‑arid, very cold, relatively 
windy and relatively stormy

This climatic zone involve a large part of the northwest-
ern regions of Iran, approximately all parts of Hamadan-
Markazi-Qazvin-Qom, Tehran, Semnan provinces, and 
northwestern parts of Central Khorasan province and a 
small part in the southwest of North Khorasan province 
with an area of 11,273,272 ha (Fig. 16). The above sea 
level elevationof this climatic zone is 1570 m. The data in 
Table 6 show that the factor score of temperature is high 
and negative (− 0.78) which indicates a high cold in this 
area. Also according to this table, the relative humidity 
factor is positive, the cold season rainfall factor is positive 
but the amount of rainfall in cold seasons is low. The score 
of warm-season rainfall is approximately high and nega-
tive, this means that in this bioclimatic zone, rainfall often 
occurs in the cold seasons of the year. The factor score of 

Table 5  The relationship between Pseudo T2 and Pseudo F, values 
with the number of groups

Area number Pseudo F Pseudo T2

29 214.808 44.751
28 216.979 32.034
27 220.057 37.847
26 263.135 120.893
25 225.464 31.995
24 227.618 32.275
23 222.390 17.441
22 217.146 15.424
21 221.325 34.738
20 226.708 54.444
19 235.427 71.102
18 233.635 19.888
17 239.406 51.187
16 247.033 82.514
15 250.963 85.563
14 253.824 58.655
13 256.827 83.972
12 224.170 56.754
11 209.785 53.873
10 210.059 94.845
9 207.595 125.642
8 218.671 170.769
7 203.221 123.346
6 201.720 237.692
5 215.430 224.315
4 222.024 107.584
3 103.522 232.421
2 109.272 211.218
1 0.00 109.272
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semi-cloudy days is also very high, which indicates that 
cloudy and semi-cloudy days are high in this area. The 
important point in this climatic zone is the score of wind 
speed and thunderstorm factors, especially the factor 
score of wind speed which is more positive and higher 
than the four previous zones, the wind speed factor has a 
great appearance in this zone. Also, when the spatial dis-
tribution map of the Thunder factor (Fig. 11) is examined, 
it is clear that except for the northwestern and southeast-
ern regions of Iran in this area (bio climate zone 5) it has 
an almost higher distribution than other regions of Iran. 
This indicates that wind speed and thunder factors have 
a high appearance in this area and have a decisive role 
in the formation of this bio-climate zone, and especially 
on the vegetation cover of the dominant species in this 
climatic zone. With these interpretations, this climate zone 
was named “semi-arid, very cold, relatively windy and rela-
tively thundery “. And the most important species in this 
zone are Scariola orientalis, Cousinia multiloba, Astragalus 
squarrosus, and Centaurea virgate species.

3.12.9  Bio‑climatic zone (6) semi‑arid, very cold 
and ultra‑windy

This bio- climatic zone with an above sea level elevation 
of 1533/34 m and an area of 7,633,005 ha is located in the 
eastern regions of Iran (closed to the border areas in the 
eastern part of Iran, a large part of southeastern and east-
ern central Khorasan province and a small part in north-
eastern South Khorasan province) (Fig. 16). The results of 
the factor scores table (Table 6) show that in this climatic 
zone, the scores of temperature factor, warm-season rain-
fall, semi-cloudy days, snow, dust, and thunderstorms are 
negative and other factors have positive scores. Since the 
score of temperature factor is approximately high and 
negative (− 0.99) and the factor score of cold season rain-
fall almost is high and positive (+ 0.46) and also the wind 
speed factor has of a very high and positive score in this 
zone and this three (3) factors have a high appearance in 
this climatic zone, and considering that the average annual 
precipitation in this climatic zone is 259 mm, this climatic 
zone was named “very cold, semi-dry and ultra-windy”. 
The most important vegetation species predominant in 
this area are the following species: Launea acanthodes, 
Scariola orientalis, Ar. sieberi, Ephedra intermedia (persica), 
Eringium bungei, Cousinia trachyphyllaria and Ziziphora 
clinopodioides.

3.12.10  Bio‑climatic zone (7) “semi humid, very cold, 
thundery and relatively snowy”

As a whole, the total area of this climatic zone is 1,499,589 
ha. And as shown in Fig. 16, this vegetation zone in the 

west of the Caspian Sea includes large parts of Ardabil 
province, parts of northern Zanjan province and small 
areas in northeastern, eastern and southeastern prov-
inces of East Azerbaijan province. The above sea level 
elevationof this area is 5652.58 m. The results of Discri-
minant analysis in relation to climatic factors and this 
climatic zone show that the scores of temperature, cold 
season rainfall, and dust factors in this area are negative 
and the rest of the factors have positive scores (Table 6). 
The score of temperature factor is negative and very high 
(− 1.22) also the factor score of relative humidity is positive 
and very high and this means that the relative humidity in 
these areas is high and the temperature is very cold. And 
since that the score of warm-season rainfall factor is posi-
tive and the average annual rainfall in this area is 396 mm 
(close to 400 mm) and also the score of Thunderstorm and 
snow factor is high and relatively high respectively, this 
zone was named: semi-humid, very cold, thundery and 
relatively snowy, from the most important vegetation 
cover of this area, which is an indicator and adaptable 
with the climatic and ecological conditions of this area, 
can be mentioned as follows: Artemisia Sieberi, Astragalus 
caraganae, Onobrychis atropatana.

3.12.11  Bio‑climatic zone (8) “semi‑humid, very cold, 
snowy and relatively thundery”

This vegetative area with a 1270/170 m above sea level 
elevation and an area of 1,329,219 ha is located in the 
northwest of Iran and close to the climatic climate of 7. 
The results of discriminant analysis to obtain the mean 
score of climatic factors in this bio-climatic zone according 
to Table 6 show that in this climatic zone the factor score 
of temperature is approximately very high and negative 
(97/0-). Also, the score of the cold season rainfall factor is 
negative, but the factor score of the warm season rainfall 
is positive, and since that the average annual precipita-
tion in this Bio-Climatic zone is 314 mm, this climatic zone 
was named semi-humid, very cold. Also, since in this zone 
the amount of snow and Thunder factors were high and 
relatively high, respectively and by interfering of these 
4 factors that were most apparent in this climatic zone, 
eventually was named:’ semi-humid, very cold, snowy 
and relatively thundery” and the species vegetation that 
is most important and dominant in this zone are Artemisia 
Sieberi, Astragalus caraganae, Onobrychis atropatana.

3.12.12  Bio‑climatic zone (9) “semi humid, very cold 
and ultra‑snowy”

This bioclimatic zone is nestled over in the west of the Cas-
pian Sea and between zones 7 and 8. The climatic zone 
with an area of 0.491607 ha, includes the most of areas in 
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the central areas of Ardabil province. That the altitude of 
this bioclimatic zone is 203,150 m above sea level eleva-
tion, as can be seen, in this climatic zone, and according to 
the Table 6 the average score of the temperature factor in 
this zone is negative and very high valuable (− 1.20), which 
indicates that in this zone the climatic elements related 
to the temperature factor, their values are decreasing and 
very cold condition Also, the average factor score of cold 
seasonal rainfall in this climatic zone is negative, which 
shows that the score of climatic elements related to rainfall 
factors of cold seasons in this zone is lower and lower than 
the score of climatic elements related to rainfall of warm 
seasons in this bioclimatic zone, which in contrast, the 
elements associated with this factor are increasing, and 
as a result, the score of the warm season rainfall factor is 
positive and more positive than the cold season rainfall 
factor. Also, due to the high score of the snow factor in 
this zone, which has the highest relevant score among the 
26 climatic zones. And since the score of the temperature 
factor is negative and very low and on the other hand 
the factor scores of the warm season rainfall and relative 
humidity factors were high and also the average annual 
rainfall in this zone is 324 mm, this bioclimatic zone was 
named “semi-humid, very cold and ultra-snowy” The most 
important predominant vegetation types in this climatic 
zone are: Festuca Ovina, Artemisia aucheri, Onobrychis 
atropatana.

3.12.13  Bio‑climatic zone (10) “semi‑humid and cold”

This bioclimatic zone with an area of 3,352,127 ha is 
located in the northeastern of Iran. And include the 
southern moiety of Golestan province, the northern and 
northwestern parts of North Khorasan province, and the 
northern parts of Semnan province (Fig. 16). The above sea 
level elevationof this climatic zone is 2998/29 m, according 
to the results of Discriminant analysis in this climatic zone, 
it is noticed that the factor score of temperature factor 
is negative and approximately low (− 0.26) Also, because 
that the factor score of warm-season rainfall is positive and 
almost high (+ 0.87) and on the other hand the relative 
humidity factor has a positive and high score (+ 1.44) and 
whereas the average annual rainfall in this area is 314 mm, 
this climatic zone was named “semi-humid and cold”. The 
most important predominant vegetation types in this cli-
matic zone are: Poa bulbosa, Medicago Minima, Astragalus 
memoriosus, Hordeum glaucum, Suaeda salsa.

3.12.14  Bio‑climatic zone (11) “Medium semi‑arid, cold, 
stormy and ultra‑windy”

This climate zone has an area of 1,187,314 ha in the 
southern regions of Gilan province [Rudbar, Manjil] 

(Fig. 16). The sea above elevation of this climatic zone is 
1519/91 m. The results of Discriminant analysis, accord-
ing to Table 6 show that in this climatic zone, the factor 
score of temperature factor is negative and almost low 
(− 0.3). Also, the relative humidity and cold season rain-
fall factors have a positive and upward score. The factor 
score related to wind speed is also positive and very high, 
and the factor score related to Thunder is also positive 
and significant the score of wind speed factor is positive 
and very high. Also, the thunderstorm has a significant 
and positive score. Therefore, this climatic zone, due to 
the appearance of most of the above factors, was named 
medium semi-arid, cold, thundery, and ultra-windy “. In 
the next step, the most important vegetation types of 
this bioclimatic zone are mentioned. This stage achieved 
by overlaying the vegetation maps to the climatic zones 
obtained by multivariate statistical methods. Dominant 
vegetation species such as Artemisia aucheri, Astragalus 
basilicus, Atraphaxis Aucheri adapted to this climatic 
conditions.

3.12.15  Bio‑climatic zone (12) “very humid, temperate 
with very high relative humidity”

This climatic zone with an area of 2, 10,083 ha is located 
in the hillside of the Alborz Mountains and close to 
the shores of the Caspian Sea. And having average sea 
above elevation of 1117/93 m, includes large areas of 
Mazandaran province beside all areas of Gilan province 
(Fig. 16). According to the data in Table 6, in the Bio-
Climatic zone(12) the climatic factor scores of tempera-
ture, wind speed, dust, thunder and snow factors are 
negative, and this means that in this Bio-Climatic zone, 
approximately all climatic elements associated with 
these factors are declining and their value is decreas-
ing. Also in this area, the score of relative humidity fac-
tor is high and positive (near to + 2), and the scores of 
warm-season rainfall and cold season rainfall of the year 
is high and positive. This means that in this Bio-Climatic 
zone, the amount of precipitation is high and all of the 
climatic elements related to the precipitation factor have 
very high values (maximum value possible between all 
climatic zones) and since that this climate zone is very 
close to the shores of the Caspian Sea, as a result, this 
zone has a high percentage of relative humidity and due 
to the very high appearance of precipitation and rela-
tive humidity factors, this climatic zone was named “very 
humid, temperate with very high relative humidity”. And 
the most important predominant vegetation species in 
this Bio-Climatic zone that are adapted to the climatic 
conditions of this zone are:Cynodon dactylon, Trifolium 
campestre, Medicago minima, Onobrychis hohenackeri-
ana, lotus cornicalatus.
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3.12.16  Bio‑climatic zone (13) “humid, very cold 
and relatively snowy”

This Bio-Climatic zone with an area of 4,175,277 ha and 
an above sea level elevation of 204.24 m is located in 
west of Iran (Fig. 16). In this zone, the average score of the 
temperature factor is negative and this indicates that the 
climatic elements associated with the temperature fac-
tor have low values, and so created a very cold climate. 
Also, the climatic elements related to the factors of relative 
humidity, thunder, and wind speed are low in this area and 
their values are small and insignificant. The notable subject 
in this zone is that the average factor score of cold sea-
son rainfall is very high and positive, and conversely, the 
score of warm-season rainfall factor is negative. And this 
indicates that in this bio climate zone, the rainfall mostly 
occurs in months of January, February, March (winter sea-
son), October, November, and December (autumn season). 
And in these seasons, the vegetation reaches its climax, 
and rangeland and watershed managers should be aware 
of this subject and have their own plans and decisions for 
optimal management of these resources in these seasons 
to achieve their goals. Also, due to the very high altitudes 
and the positive score of the snow factor in this area, in 
addition to rainfall, snowfall is also relatively high in this 
climatic zone. Since that, the average annual rainfall in this 
area is 627 mm (after the bioclimatic zone of 12, in north of 
Iran, which has the highest annual rainfall, this area is con-
sidered as one of the humid and rainy areas of Iran) and 
finally, due to the high score of the temperature factor and 
its negativity and positive scores of cold season rainfall 
and snow factors and their high amounts, this zone was 
named “humid, very cold and relatively snowy”. And the 
most important predominant vegetation species in this 
Bio-Climatic zone that are adapted to the climatic condi-
tions of this zone are: Astragalus macropelmatus, Daphnae 
mucronata, Astragalus managetta, Euphorbia helioscopia.

3.12.17  Bio‑climatic zone (14) “cold and semi‑arid”

This Bio-Climatic zone has an area of 10,441,346 ha and 
the above sea level elevation of this zone is 1992/11 m. 
According to Fig. 15, the most space of this zone is diffused 
in the central and northeastern regions of Iran. According 
to the Table 6, in this Bio-Climatic zone, among all of the 
climatic factors, only the score of cold season rainfall fac-
tor is positive and 8 other climatic factors have a negative 
score. The score of temperature factor is negative, mean-
ing that in this climatic zone, all of the climatic elements 
associated with this factor, in terms of amount and quan-
tity, have low values, and are decreasing. On the other 
hand, all climatic elements that related to the three factors 

of relative humidity, warm-season rainfall, and snow have 
low or very low values. In general, in terms of humidity in 
this climatic zone, only the climatic elements associated 
with the cold season rainfall factor are almost greater than 
the climatic elements associated with the warm season 
rainfall, relative humidity and snow factors and this means 
that in this zone, vegetation is more dependent on pre-
cipitation in winter and autumn seasons. Also, according 
to the data in the table of factor scores (Table 6), it can 
be noticed that in this zone, all climatic elements related 
to climatic factors such as wind speed, dust, semi-cloudy 
days and thunderstorm have low values, which Finally, the 
scores of these factors are negative. Finally, due to the fact 
that in terms of temperature, the score of the elements 
related to this factor and the score of this factor (tem-
perature factor) is negative, and also in terms of moisture, 
only the factor score of cold season rainfall is positive and 
of course not very high (+ 0.01) and considering that the 
average annual rainfall in this Bio-Climatic zone is 214 mm, 
this zone was named: semi-arid and cold, and the most 
important predominant vegetation species in this area are: 
Salvia Officinalis, Hammada Salicornica, Salsola arbuscula, 
Dendrostellera lessertii.

3.12.18  Bio‑climatic zone (15) “humid, temperate with very 
high relative humidity”

This Bio-Climatic zone with an area of 2,620,357 ha is 
located on the northern coast of Iran [south of the Cas-
pian Sea and north of the Alborz Mountains] (Fig. 16). And 
after the climatic zone of 12, compared to the amount of 
rainfall in warm and cold seasons, is the wettest climate 
zone in Iran. The data in Table 6 show that in this zone, the 
temperature factor has a negative score, but its value is not 
very high. On the other hand, the average score of the rela-
tive humidity factor in this area is positive and very high, 
and considering that it is located near to a large source of 
water (Caspian Sea), this indicates that this climatic zone 
has balance conditions in terms of thermal conditions. 
With these interpretations and according to the manifes-
tation of the factors of “warm seasonal rainfall, cold sea-
sonal rainfall, relative humidity and semi-cloudy days” this 
climatic zone was named “moderate humidity, with very 
high relative humidity”. With these interpretations (expla-
nation) and according to the high appearances of the fac-
tors of “warm seasonal rainfall, cold seasonal rainfall, rela-
tive humidity and semi-cloudy days” this climatic zone was 
named “humid, temperate with very high relative humid-
ity “. And the most important of vegetation types that are 
dominant in the zone are Hordeum spontaneum, Cynodon 
dactylon, Poa bulbosa, and Medicago sativa species.
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3.12.19  Bio‑climatic zone (16) “semi‑arid, very warm 
and dusty”

This Bio-Climatic zone with an area of 6,869,169 ha and 
above sea level elevation of 111/18 m is located in the 
south and southwest of Iran (Fig. 16). According to the 
results of Discriminant analysis and Table 6 in this zone, 
the score of temperature factor is very high and thermal 
conditions are very warm in this Bio-Climatic zone, Also, 
the relative humidity factor score is positive, which means 
that all climatic elements associated with this factor are 
high and increasing. The positive score of cold season 
rainfall in this area indicates the better conditions of the 
climatic elements related to this factor, which received 
higher values in this zone. The significant point in this area, 
is the factor score of dust, which has a positive and very 
high score compared to the previous zones, with these 
interpretations, and considering that the average annual 
precipitation in this climatic zone is 220.47 mm, this zone 
was named “semi-arid, very warm and dusty”. Also, the 
most important predominant vegetation species in this 
Bio-Climatic zone are: Polygonum corrigioloides, Convolvo-
lus spinosus, Hammada salicornica and Fagonia sp.

3.12.20  Bio‑climatic zone (17) “very arid, warm 
and relatively windy”

This Bio-Climatic zone with an area of 18,839,356 ha and 
an above sea level elevation of 109/20 m above sea level is 
located in the central regions of Iran, Fig. 16 discriminant 
analysis was performed to the determination of mean cli-
matic factor scores affecting the vegetation species dis-
tribution in this climatic zone, and according to Table 6, it 
is observed that in this climatic zone, the average score of 
the climatic factor of temperature is the almost high and 
positive score (+ 0.47) and this means that in this zone, the 
climatic elements associated with the temperature factor 
have almost high values and indicate the warm condi-
tions prevailing in this zone. In this climatic zone, most 
of the rainfall occurs in the warm seasons of the year and 
the amount of rainfall in the warm seasons is higher than 
the rainfall which occurs in the cold seasons of the year 
(according to the factor scores of these two factors in 
Table 6). Also, all climatic elements related to the factors 
of relative humidity, snow, thunder, and dust in this zone, 
include a very low rate and little amounts. Finally and with 
previous explanations and also, since the temperature fac-
tor has a high appearance and positive score in this zone, 
and also the average climatic elements associated with 
wind speed in this zone are relatively high, and also, the 
average annual rainfall in this zone is 84 mm. This Bio-
Climatic zone was named “ very arid, warm and relatively 
windy.” And the most important species adaptable with 

these climatic conditions in this climatic zone are Ham-
mada salicornica, Anabasis aphylla, Prosopis koelziana, 
Tamarix aphylla, Anabasis annua.

3.12.21  Bio‑climatic zone (18) “arid, windy and dusty, 
extremely warm (sultry) with high relative 
humidity”

This Bio-Climatic zone with an area of 4,961,219 ha is 
located in the southern regions of Iran and very close to 
the Persian Gulf and the Oman Sea (Fig. 16). The above 
sea level elevation of this vegetation zone is 342/64 m. 
According to the data in Table 6, climatic factors of tem-
perature, relative humidity, wind speed, and dust have a 
positive and high factor score in this climatic zone, this 
means that these four factors play a decisive role in the 
creation and distribution of vegetation and ultimately in 
determining the type (pattern) of climate in this zone, and 
other climatic factors in this vegetation zone have a nega-
tive score, in other words, they do not have an important 
and decisive role in creating a Bio-Climatic zone in this 
area. Due to the geographical location of this area, which 
is located on the Margin of the Persian Gulf and the Oman 
Sea (large water resources) and factor scores of relative 
humidity and temperature factors are high and very high 
scores respectively, on the other hand, the Climate factors 
of Wind speed and dust have a positive and high score 
and had a higher appearance in this area. And as regards 
that were allocated negative scores to climatic factors of 
warm and cold season rainfall in this zone, and also, the 
average annual rainfall in this area is 181.77 mm, this zone 
was named: is “ Arid, windy and dusty, extremely warm 
(sultry) with high relative humidity.” And Vegetation spe-
cies adaptable with these conditions in this zone are the 
predominant species of Halocnemum strobilaceum, Gym-
nocarpus decander, Platychaete glaucescens, Anvilea gracini, 
Platychaete aucheri.

3.12.22  Bio‑climatic zone (19) “very arid and warm”

According to Fig. 16, this Bio-Climatic zone with an area of 
20,288,367 ha and an above sea level elevation of 10/04/06 
m, is located in the center of Iran and includes areas of Isfa-
han, Qom, Tehran, Semnan, Central Khorasan, and South 
Khorasan provinces. Also, parts of the desert plain include 
this area, the results of Discriminant analysis (Table 6) in 
this zone showed that the factor of semi-cloudy days has 
a positive score, and this means that the all of climatic ele-
ments related to this factor, approximately have high val-
ues. Also, the temperature factor has a positive score but 
is very low (+ 0.07) and this indicates that all of the climatic 
elements associated with this factor have increasing values 
in this area and include tropical regions. And considering 
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that the average annual temperature in this area is 18.71 0 
C, it is considered “hot” in terms of temperature Also, since 
that the factors of warm-season rainfall and cold season 
rainfall had a negative score and the average annual rain-
fall in this area is 103.9 mm, this zone was named: “very 
arid and warm” the most important vegetation species 
Which are predominant in these harsh climatic conditions 
are: Ptropyrum aucheri, Calligonum stenopterum, Artemisia 
sieberi, Hammada salicornica, Seidlitzia rosmarinus.

3.12.23  Bio‑climatic zone (20) “very arid, warm, windy 
and dusty”

This Bio-Climatic zone has an area of 4,812,702 ha and 
most part of this zone is located in southeastern Iran and 
also some patches of this Bio-Climatic zone are observed 
in the centers of Yazd and Isfahan provinces (Fig. 16). The 
above sea level elevation of this vegetative zone is 1344/46 
m based on the factor scores table, it can be noticed that 
in this area, the score of temperature factor is positive, 
but its value is very small (+ 0.12). This indicates that in 
this area, the climatic elements associated with this factor 
have relatively high values and from thermal character-
istics, create a warm region. Also in this area, the values 
of climatic elements related to the warm season rainfall 
are high and increasing (compared to the neighboring 
areas). In addition, the wind speed factor has achieved a 
positive and approximately high score (+ 0.67). This shows 
which all the values of climatic elements related to this 
factor are high in this area and have an increasing trend in 
this region. Also, the dust factor has a positive score and 
its value is very high, the dust factor has a positive score 
and its value is very high, on the other hand, all climatic 
elements related to factors of snow, thunder, semi-cloudy 
days, relative humidity and cold season rainfall have small 
and low values, which indicates these five factors are not 
apparent and they are not effective on vegetation in this 
area, also do not have any role in forming and naming of 
this bioclimatic zone. Therefore according to the above 
explanations and the high appearance of wind speed and 
dust factors, as well as the high weight of the two factors 
of temperature and warm-season rainfall, and also since 
that the average annual rainfall in this zone is 97 mm, this 
climatic zone was named: “very arid, warm, windy and 
dusty”. The most important vegetation species which are 
predominant in these harsh climatic conditions are: Sei-
dlitzia rosmarinus, Salsola tetragona, Artemisia sieberi, For-
tuynia bungei, Acanthophyllum glandulosum.

3.12.24  Bio‑climatic zone (21) “arid, cold and windy”

The aforementioned bioclimatic zone by an area of 
8,282,373 ha and an above sea level elevation of 10/1931 

m is located in the central and eastern regions of Iran 
(Fig. 16). According to the data of Table 6, it is noticed that 
in this zone, the temperature factor has a negative and 
approximately high score (− 0.83) suggesting that this 
area includes cold regions, also living organisms in this 
Bio-Climatic zone, especially vegetation is adapted to the 
cold conditions prevailing in this area, also, the two factors 
of warm-season rainfall and wind speed have obtained 
positive scores, in this zone and this indicates that all cli-
matic elements which related to these factors include high 
values and these two factors along with the temperature 
factor have a higher appearance in this area and plays an 
effective role in the formation of this Bio-Climatic zone. 
On the other hand and according to the results of Table 6 
it can be seen that the factors of relative humidity, cold 
season rainfall, dust, semi-cloudy days, snow, and thunder-
storms have a negative score, which means that all climatic 
elements which associated to these 6 factors, have small 
values and do not have a high appearance in this area. 
With the above explanations and considering that the 
average annual rainfall in this zone is 124.85 mm, finally 
this zone was named “cold, warm and windy”. The most 
important predominant vegetation species in this area are 
the following types: Artemisia sieberi, Salsola tommentosa, 
Zygophyllum atriplicoides, Seidlitzia cinera, and phragmites 
australis.

3.12.25  Bio‑climatic zone (22) “arid and ultra‑warm”

As a whole, this Bio-Climatic zone, with an above sea level 
elevation of 1169 m and an area of 3,97,717 ha, includes 
the southern regions of Kerman and Hormozgan prov-
inces in the south of Iran (Fig. 16). According to the table 
of factor scores (Table 6) in this area and as can be seen, 
the score of temperature and relative humidity factors is 
positive. And this indicates that all of the climatic elements 
related to these factors include high values also, because 
it is located in the vicinity of large water resources (the 
Persian Gulf and Oman Sea), and due to the very high 
temperature and combination with high relative humid-
ity, ultimately a sultry and unbearable air is created in 
this bioclimatic zone. On the other hand, the factors of 
warm-season rainfall, cold season rainfall, and snow have 
a negative score in this area and all climatic elements asso-
ciated with these factors have very low and insignificant 
values thus, in terms of precipitation, this climatic zone has 
not desired conditions. Also, according to the data in the 
Table 6 the factors of wind speed, semi-cloudy days, dust 
and thunder have a negative score, and this shows that in 
this zone, climatic elements which related to these factors 
have insignificant very small values. Therefore, according 
to the above explanations and since the average annual 
rainfall in this area is 191.66 mm, this zone was called “very 
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hot and dry”. The most important predominant vegetation 
species in this area are the following vegetation’s: Gaillonia 
aucheri, Cymbopogon Olivieri, Taverniera glabra, Convolvu-
lus leiocalycinus.

3.12.26  Bio‑climatic zone (23) “arid, ultra‑warm, windy 
with high relative humidity”

This Bio-Climatic zone by an area of 3,288,876 ha and 
adjoining to zones of 22 and 18 is located on the outskirts 
of the Persian Gulf and the Oman Sea (Fig. 16). The above 
sea level elevation of this zone is 265/20 m. According to 
the factor scores table (Table 6), in this zone, the tempera-
ture factor has a very high value and positive score (+ 1.99). 
This indicates that all values of climatic elements related to 
this factor have high values in this zone. And since simulta-
neous with the high temperature in this zone, the relative 
humidity factor has, too positive score and its value is very 
high (2.43), it means that in this zone all of the values of 
climatic elements associated to this factor have very high 
values, and thermally, create a sultry air that is very severe 
warm. In addition, due to the negative score related to 
warm and cold seasons rainfall factors as well as snow fac-
tor, this climatic zone has little rainfall and precipitation. 
Also, the factors of dust, thunderstorm and semi-cloudy 
days, too have a negative factor score (according to the 
data in Table 6) and do not have a high appearance in this 
area, therefore, they do not have any role in the creation of 
this Bio-Climatic zone. Meanwhile, the wind speed factor 
in this zone has a positive and upward score (+ 0.79) and 
this shows that the amount of climatic elements related 
to the wind speed factor is high and this factor, have a 
high appearance in this zone and along with the relative 
humidity and temperature factors, have an effective role 
in the formation of this Bio-Climatic zone. According to the 
above explanations and since the average annual rainfall 
in this area is 153.444 mm, this zone was named as “arid, 
ultra-warm, and windy with high relative humidity “. The 
most important vegetation species prevalent in this area 
are the following species: Hammada salicornica, Gymnocar-
pus decander, Taverniera spartea, Tephrosia apollina.

3.12.27  Bio‑climatic zone (24) “arid, ultra‑warm, thundery 
with relatively windy”

As it can be seen, Bio-Climatic zone has an area 4,892,552 
ha, nestled over in the southern regions of Iran and is 
attached to zones 22 and 23. Figure 16. The above sea level 
elevation of this zone is 602.70 m. The results of Table 6 
show that in this zone, climatic factors of temperature and 
relative humidity have a positive factor score, and this indi-
cates that all of the climatic elements associated with these 
factors are very high and create sultry weather conditions. 

Also, climatic factors of cold seasons, semi-cloudy days, 
snow, and dust in this area, have a negative score and this 
shows that the values of all climatic elements related to 
these 4 factors are very low and insignificant and do not 
have a high appearance in this area. On the other hand, 
the factor score of warm-season rainfall in this climatic 
zone is positive. And this shows that this Bio-Climatic zone 
which affected by Manson climate (imported from India) 
in warm seasons of the year, in warm seasons, all climatic 
elements associated with this factor have large amounts, 
and this factor has a positive score. According to the data 
in the Table 6, factors of wind speed and thunder in this 
climatic zone have a positive score and this indicates that 
these two climatic factors too, have a high appearance 
in this zone and affect the vegetation cover in this area. 
Therefore, based on the above explanations and since the 
average annual precipitation in this area is 167.30 mm, 
and with the intervention of factors which have a higher 
appearance in this zone, this Bio-Climatic zone was named 
“ arid, ultra-warm, thundery with relatively windy “. And the 
most dominant vegetation species prevalent in this area 
are the following species: Hammada salicornica, Salsola 
arborescence, Taverniera cuneifolia.

3.12.28  Bio‑climatic zone (25) “arid, very warm, dusty 
and stormy”

Having above sea level elevation of 1044.51 ha, this 
zone with a located in the southeastern of Iran and only 
includes areas in the center of Sistan and Baluchestan 
province (Fig. 16). Also, the area of this Bio-Climatic zone 
is 6,044,722 ha. According to Table 6, in this Bio-Climatic 
zone, the temperature factor has a high factor score 
(+ 0.84) and this indicates that all climate elements asso-
ciated with this factor, have high values. And this climatic 
zone creates a tropical region based on thermal properties, 
also, in this zone factors of relative humidity, cold season 
rainfall, semi-cloudy days and snow have a negative factor 
score, and this indicates that all of the climatic elements 
which related to these 4 factors include very small and 
insignificant values and these factors do not have any role 
information in this climatic zone, unlike of the cold season 
rainfall factor in this zone, the warm season rainfall factor 
has a positive score and this shows that in this zone all the 
values of climatic elements related to the warm season 
rainfall factor include high values and compared to the 
cold season rainfall factor, this factor has a high appear-
ance in this climatic zone and has an effective role on the 
distribution of vegetation in this zone. Also, the factors of 
wind speed, thunderstorm, and dust have a positive fac-
tor score and these 3 factors along with the warm season 
rainfall factor in this climatic zone have a high appearance 
and play an important role in the formation of this zone. 
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With this explanation, and since the average annual rainfall 
in this area is 123.48, this Bio-Climatic zone was named 
“arid, very warm, dusty and thundery “. The most important 
predominant vegetation species in this Bio-Climatic zone 
are the following species: Artemisia sieberi, Zygophyllum 
eurypterum, Convolvolus acanthocladus, and Gymnocarpus 
decander.

3.12.29  Bio‑climatic zone (26) “very arid, warm 
with ultra‑dusty and ultra‑windy”

Generally, this Bio-Climatic zone is located in the southeast-
ern region of Iran and is bordered with Afghanistan country 
(Fig. 16). The above sea level elevation of this zone is 477/20 
m, which is located in the north of Sistan and Baluchestan 
province with an area of 1,527,321 ha. This Bio-Climatic zone 
has the worst climatic conditions among 26 climatic zones 
in Iran, so that according to the Table 6 in this Bio-Climatic 
zone, the factor score of temperature is positive and high 
score and this means that in terms of heat, on average, 
warm air temperature prevails in this zone and this factor 
has high appearance in this area and play an important role 
in the distribution of vegetation species in this vegetative 
area. In addition, the score of cold seasonal rainfall, snow 
and relative humidity factors is negative and this means that 
all climatic elements which associated with these three fac-
tors have very small values and do not have a high appear-
ance in this Bio-Climatic zone, also, the score of warm sea-
son rainfall factor is positive, which indicates that all climatic 
elements related to this factor in this Bio-Climatic zone, have 
almost higher values than the surrounding areas, and this is 
very important Especially since the cold season rainfall fac-
tor in this area has a negative score, which means that the 
most of rainfall occurs in the summer and spring seasons 
of the year. Also, according to the data in the above table 
(Table 6) climatic factors of wind speed and dust have a 
positive score in this bioclimatic zone and compared to the 
all of the above zones, this bioclimatic zone has the highest 
factor scores related to dust and wind speed factors. Accord-
ing to the above explanations and since the average annual 
precipitation in this climatic zone is 67.14 mm, this zone was 
named “very arid, warm with ultra-dusty and ultra-windy 
“. Vegetation cover adaptable with these climatic condi-
tions are: Aeloropus Lagopoides, Suaeda nitraria, Hammada 
salicornia, Salsola sp, Tamarix aphylla, Haloxylon aphyllum, 
Haloxylon persicum.

4  Discussion

In 1969, Pabout was the first researcher who mapped bio-
climatic zones of Iran by which the country was classified 
into 3 big bioclimatic zones, which these 3 bioclimatic 

regions are divided into 8 bioclimatic sub-regions (Fig. 15) 
from the viewpoint that he is the first person and the first 
effort in this field, it is important and respectable. But the 
actuality of Iran’s bio climate is also very important, and 
the results of this assessment should be with the least 
amount of error and the highest percentage of accuracy. 
Because these results indicate the bio climate classifica-
tion of a region or a country. And it should be available 
to researchers as a reliable source and reference, but 
unfortunately, the Pabout method has many drawbacks 
and the most important drawback of this method is that 
it has identified Iran’s bio climate only on the basis of one 
climatic parameter (annual rainfall). While climate is a phe-
nomenon that is formed from the combination of several 
climatic variables, and as a result of the influence of these 
several climatic variables in a region, its vegetation is also 
affected. And another major drawback of Pabout’s method 
is that it has considered very wide climatic ranges for each 
climate zone which leads to differences, inconsistencies, 
and inaccuracies in the results of climate classification. 
For example, in the Pabout method, areas with 200 mm 
to 420 mm of rainfall are named “semi-steppe”. That is, the 
regions in Kurdistan province in western of Iran with an 
average annual rainfall of 400 mm, with the regions in Fars 
province in southern Iran with a rainfall of 200 mm as a 
climate named “semi-steppe” (according to Fig. 15). While 
in an area where the rainfall is 200 mm, the type of veg-
etation cover, density, and also the percentage of vegeta-
tion cover is different from the areas where the rainfall is 
twice as much as 400 mm [17]. Pabout defines areas with 
less than 100 mm of annual rainfall under a “semi-desert” 
climate, and that’s just enough in this method, which the 
semi-desert climate has a maximum annual rainfall of 
100 mm, and as can be seen according to Pabout Map 
(Fig. 15), the “semi-desert” climate is located in the center 
of Iran and includes some parts of Isfahan, Semnan, Yazd, 
Kerman, and Sistan & Baluchestan provinces. However, 
when the precise rainfall of these areas was examined by 
multivariate statistical methods, it was cleared that this 
climatic zone has some problems (drawbacks). So that the 
areas in South Khorasan province (in the south and center 
of this province) which are in the form of cylindrical bars 
have an annual rainfall of more than 100 mm and it should 
not be in this climatic range, and contradicts by the defini-
tion of the Pabout method in the semi-desert range, and 
certainly the area with the highest annual rainfall is differ-
ent of the type and the density of vegetation [16] Another 
explicit problem with the “semi-desert” zone in the Pabout 
method is the heterogeneity of climatic factors in the dif-
ferent parts of this zone, so that in the eastern parts of this 
zone, the two climatic factors of dust and wind speed have 
the highest intensity and amount compared to other parts 
of this region, and in other parts of this region, the climatic 



Vol.:(0123456789)

SN Applied Sciences (2020) 2:1694 | https://doi.org/10.1007/s42452-020-03500-9 Research Article

elements which associated with these factors, have very 
low intensity, and unfortunately the Pabout method did 
not mention to this heterogeneity of climatic factors, and 
the impact of these important factors has been ignored. 
While this zone (semi-desert climatic zone, in pabout 
method) has been divided into 4 bio-climatic zones into 
multivariate statistical methods (zones of 17, 19, 20, and 
26) and has been accounted for for exactly the effect of 
climatic factors on the creation of Bio-Climatic zones. For 
example, Sistan region in the north of Sistan & baluchestan 
province has the highest amount of dust and wind speed 
in Iran and the vegetation characteristics of this region are 
very dry and with very low density and certainly, these 
characteristics are due to the high amount of wind speed 
and dust in this area. Also, the vegetation in this area is 
salty and the morphological characteristics of this vegeta-
tion are adaptable with this climate.

Another important weakness to the traditional Pabout 
method is that, if the semi-desert climate is generally dis-
cussed in this method, according to the definitions of the 
meaning and concept of semi-desert and desert climatic 
zones, in the Pabout method, these two concepts are not 
well separated. For example, areas in the north of Sistan & 
Baluchestan province (in southeastern of Iran), areas in the 
east and northeast of Kerman province (approximately in 
the center of Iran), eastern and northeastern regions of 
Isfahan and Yazd provinces (in the center of Iran) Based on 
the climate reality, that is predominant in these parts of 
Iran, these areas have” desert” climates. While, in the 
Pabout method, these areas are classified as “semi-desert” 
climates, and this dichotomy in the concept of climate in 
a region or zone is one of the main weaknesses and draw-
backs of this method. Also, in the pabout method, the 
areas that are considered “steppe climate” has main and 
basic drawbacks. Because firstly, a large area of Iran with 
bio- climatic heterogeneity allocated to this climatic zone. 
As seen, from the western regions of Iran in Khuzestan 
province to parts of the south of Iran and near the shores 
of the Persian Gulf and the Oman Sea, with areas in eastern 
and northeastern of Iran, has been named under this cli-
mate and Second, areas with 100 to 300 mm of rainfall are 
named under this climate. That is, an area that receives 
100 mm of annual rainfall is similar in climate to an area 
that receives 300 mm of annual rainfall. As can be seen, the 
amount of rainfall in the second zone is triple as much as 
the rainfall in the first zone, and as accounted for in the 
description of the “semi-steppe” zone, in the area where 
the rainfall is 300 mm, the type of vegetation cover, species 
diversity and richness, density and percentage of vegeta-
tion cover are different from areas with less rainfall. And 
the characteristics of the vegetation species in this area 
will also be affected, and as will be seen in the following 
sections, we will see different species and even different 

vegetation varieties in the two regions While Pabout has 
considered the same these areas. Due to the fact that mul-
tivariate statistical methods based on computer and accu-
rate methods in all regions of Iran identified climatic fac-
tors that affected vegetation’s, and when these results are 
compared to the Pabout method, the weaknesses of the 
Pabout method be more apparent. As in the western 
regions of “steppe zone” which includes parts of Khuzestan 
province and also areas in Fars province in the south of this 
zone, the climatic factor of “dust” has a relatively high 
appearance and is one of the main effective and important 
climatic factors in the distribution of vegetation types and 
creation of a climate in this area. Or the wind speed factor 
in the eastern regions of this zone has a high appearance 
Also, the Thunderstorm factor only has a high appearance 
in the southern regions of Sistan & Baluchestan province, 
which are located in the “steppe” zone, and in other areas 
of this zone, this climatic factor does not have a high 
appearance. Another example in this regard, is the spatial 
distribution of relative humidity in this zone, So that the 
southern regions of this zone, which are close to the shores 
of the Persian Gulf and the Oman Sea, have a very high 
appearance of relative humidity factor and other regions 
of this zone have the low appearance of relative humidity 
factor. As can be seen, these problems are in the “stepp” 
climatic zone of the Pabout method, and unfortunately, 
despite the heterogeneity in the spatial distribution of cli-
matic factors in different parts of this zone, all of this area, 
considered as “steppe climate”. However, in multivariate 
statistical methods, these differences are correctly consid-
ered. On the other hand, as can be seen in Fig. 15, each of 
the climatic zones in the Pabout method includes several 
zones in the multivariate statistical methods. For example, 
the range of arid forests (in the Pabout method) is divided 
into 11 bio-climatic zones into the multivariate statistical 
methods, which consists of a special vegetation cover. The 
area where Pabout has separated under the climatic zone 
of arid forests, includes predominant vegetation species 
that do not determine the specific climatic zone of these 
genus, species, and even vegetation varieties. Rather, 
unfortunately, placed all of them in a wide range of areas 
named “arid forests.” but, in the multivariate statistical 
methods, each of these dominant species separated based 
on the climatic zone of each region and belongs to a spe-
cific climatic zone. In this regards, the genus of Astragalus 
has different species and varieties which any species or a 
variety of this genus is distributed in a particular climate 
and their Bio-Climatic zones must be separated, while this 
has not been done in pabout method and placed several 
different species of Astragalus genus in an area which 
named the “Arid Forests” zones. For example, Astragalus 
Angustiflorous species is distributed in the northwestern 
of Iran and in the western regions of West Azerbaijan 
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province that in the Pabout method, this area includes the 
climatic zone of “arid forests”, but in the multivariate sta-
tistical methods, this species is distributed in the biocli-
matic zone of “medium semi-arid, very cold and ultra-
thundery “. As can be seen, the difference between the two 
methods of Pabout and the multivariate statistical meth-
ods in separating of the Bio-Climatic classification of Iran 
is apparent, so that according to the multivariate statistical 
methods, the climatic zone of this vegetation species was 
determined “medium semi-arid, very cold and ultra-thun-
dery “. And climatic conditions that require for distribution 
of this species are: The factor score of temperature in the 
distribution area of this vegetation species is, − 1/10, that 
means in this area, all of the climatic elements associated 
with this factor have low values and include very cold 
regions. On the other hand, another species of Astragalus, 
scientifically known as As.Caryolobous, is distributed in 
western Iran and in the northern regions of Kurdistan 
province which, in the Pabout method, these areas are 
located in the climatic zones of “arid forests” but, in the 
multivariate statistical methods, As. Caryolobous vegeta-
tion type is distributed in the climatic zone of “humid, very 
cold and thundery”. That is the suitable climatic conditions 
for the distribution of the As.Caryolobous types are: the 
factor score of temperature is − 1.36, which means, the 
optimal thermal conditions for the distribution of this spe-
cies of Astragalus are very cold conditions. So that the 
annual temperature in the distribution areas of this species 
is 11.48 0 C, also, the relative humidity factor score is 
+ 0.62, which means that in terms of relative humidity, 
these areas have desirable conditions for this species. So 
that, the percentage of annual relative humidity in these 
areas is 52.72%. The factor score of the cold season rainfall 
is + 1.89. Which means, the As.Caryolobous vegetation type 
are more dependent on the rainfall of the cold seasons, so 
that the amounts of rainfall in the cold and warm seasons 
of the year in the distribution areas of this species are 
23/424 mm and 153 mm respectively, as can be seen, com-
pared to the previous species of Astragalus, the need for 
rainfall in this species is much higher and only in the mul-
tivariate statistical methods, these differences are men-
tioned but unfortunately in the Pabout method these dif-
ferences are not mentioned. Also, the factor score of wind 
speed in the distribution areas of this species is − 0.3, 
which means that the wind speed is very low, so that the 
annual wind speed in these areas is 4.11 knots. The factor 
score of the dust is negative, naming that the number of 
annual dust days in this area is few days (13 days in annual) 
and these two climatic factors of wind speed and dust do 
not have any role in distribution of this vegetation species 
in this area Also the factor score of thunder storm in the 
distribution areas of As.Caryolobous vegetation type is 
+ 0.09, that is, compared to other climatic regions of Iran, 

it is relatively high and has an effective role in the distribu-
tion of this species, so that the number of annual thunder 
days in the distribution areas of this species of Astragalus 
is 15 days. Another species of Astragalus, scientifically 
named As.Caraganae, is distributed in the western regions 
of the Caspian Sea and is close to the Caspian region which 
the distribution areas of this species by Pabout method 
located in the “Arid Forests” area but this areas which con-
taining of As.Caraganae vegetation species are located in 
the climatic zone of “semi humid, very cold, thundery and 
relatively snowy” by the multivariate statistical methods. 
So that the suitable climatic conditions for the distribution 
and growth of As.Caraganae in Iran are: The factor score of 
temperature is − 1.54, which means that from thermally 
viewpoint, distributed in very cold conditions and the opti-
mal temperature conditions for this species are the aver-
age annual temperature is 10.38 °C, the average of maxi-
mum annual temperature is 16.30  °C, the average of 
minimum annual temperature is + 4.24 °C, the average 
annual relative humidity is 52%, the average annual wind 
speed is 5.21 knots, the number of days with annual dust 
are also 4 days, the number of days with Thunder are 
31 days, the average rainfall of the cold and warm seasons 
are 135 mm, and 152 mm respectively, also the annual 
snowy days are 9 days compared to other climatic regions 
in the distribution areas As.Caraganae vegetation 
species.

Another species of Astragalus, scientifically named 
As. rawlinsianus and distributed in the northeastern of 
Iran and the areas of Golestan province, located in the 
“Arid Forests” area by Pabout method but these areas 
which containing As. rawlinsianus vegetation species are 
located in the climatic zone of “semi humid and cold” So 
that the suitable climatic conditions for the distribution 
and growth of As. rawlinsianus in Iran are: The average 
annual temperature is 14 °C, the maximum and minimum 
annual temperatures are 20.33 and 7.80 °C respectively, 
also, the moisture requirement for of this species in this 
area is: the average annual relative humidity is 62.5%, the 
average cold season rainfall is 274 mm and the average 
warm-season rainfall is 160 mm, which are more depend-
ent on the cold season’s rainfall, the average annual wind 
speed is 4.43 knots, the number of days with annual dust 
is 9 days and also, the number of annual thunderstorms 
are 11 days in this areas.

A species of Astragalus with the scientific name As. 
managetta, which is distributed by the Pabout method in 
the climatic zone of “arid forests” and in the multivariate 
statistical methods, it belongs to Bio-Climatic zone of 13 
which named “humid, very cold and relatively snowy” zone 
and grows in conditions that are: The average annual tem-
perature is 15.5 °C, the maximum and minimum annual 
temperatures are 20.75 and 6 °C respectively, that the 
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optimal thermal conditions for the growth and distribu-
tion of this species of Astragalus are very cold conditions. 
Also, the average annual relative humidity for this species 
is 42.6%. The average rainfall of cold seasons is 706 mm 
and the average rainfall of warm seasons is 114 mm, which 
is more dependent on the rainfall of cold seasons. The 
average annual wind speed is 2.95 knots, the number of 
days with annual dust is 11 days and also, the number of 
annual thunderstorms is 18 days in these areas. As can be 
seen, all of these species of Astragalus grow and distribu-
tion in different climatic conditions and the needs of the 
elements and climatic factors of each Astragalus species 
are different from the other species, so that if each of these 
species is established in another climate, the solidification 
of vegetation and their growth will be difficult, that Unfor-
tunately in the Pabout method, these differences in the 
climatic factors and elements required for the distribution 
of the various species of Astragalus mentioned above are 
not indicated and has placed all of the above Astragalus 
species under a climate named the “Arid forest” zone while, 
as can be seen, and according to the multivariate statisti-
cal methods, any Astragalus species has different climatic 
characteristics and each of the Astragalus species belongs 
to a different Bio-Climatic zone.

These defects and errors are also seen in the “semi-
steppe” zone. In the Pabout method, this zone includes 
large areas of Iran, so that the climate of these areas is dif-
ferent. And in each climate, the indicator vegetation spe-
cies and specific to each area grow and distribute which 
have different ecological and climatic needs.

For example, a species of Bromus, scientifically known 
as Bromus danthoniae, is distributed in the southern 
regions of East Azerbaijan Province and is one of the 
indicator species in this area of Iran. Which from climatic 
needs, it is adaptable and limited to this region of Iran and 
the varieties of this species have adapted to the climatic 
condition in this region of Iran. And Pabout’s method con-
siders the Bio-Climatic zone of this species to be “semi-
steppe” zone, and unfortunately, the climatic-ecological 
needs of this species have not been accurately deter-
mined. Rather, this method, generally mentions condi-
tions that do not accurately reflect the dominant climatic 
conditions of any vegetation species or species. However, 
in the multivariate statistical method, the predominant cli-
mate on the distribution of Bromus danthoniae has been 
named “moderate semi-arid, very cold, ultra-thundery”. 
Naming that this species of Bromus from thermally dis-
tributed in conditions where these areas have an aver-
age temperature factor score of − 1.23, this means that 
the optimal temperature conditions for the distribution 
of this species of Bromus are very cold temperatures, as 
The average annual temperature for Bromus danthoniae is 
12.14 °C, also, the average maximum annual temperature 

is 18 °C and the average minimum annual temperature 
is 6 °C. Also, the factor score of relative humidity in the 
distribution area of Bromus danthoniae is + 0.05, which 
indicates that this vegetation species needs high relative 
humidity to survive and distribution and adaptable with 
the high percentage of relative humidity that predomi-
nates in this climatic zone. As the average percentage of 
suitable relative humidity in this area for the distribution, 
of the above species is 55.89%. Also, the average rainfall 
of warm seasons for this species in this area is 153 mm 
and the average rainfall of cold seasons is 136 mm. The 
average annual wind speed in these areas is 4.42 knots, 
the number of days with annual dust is 8 days, and the 
number of days with annual thunder is 37 days per year. 
In general, the suitable climatic conditions for the growth 
and distribution of Bromus danthoniae were mentioned 
and these climatic conditions must be provided So that 
the above vegetation species can complete its growth and 
distribution.

Now a species of Bromus, scientifically known as Bro-
mus tectorum, is referred, which according to the Pabout 
method, is also distributed in the “semi-steppe” Bio-Cli-
matic zone with the previous species, but, according to 
the multivariate statistical methods, this species of Bro-
mus is distributed in western of Iran and in bio-climatic 
zone 2, named “humid, very cold and relatively thundery” 
zone. As the name implies, this zone thermally includes 
very cold regions and this vegetation species is present 
in an area with an average annual temperature of 14.5 °C 
also, the maximum and minimum annual temperature in 
the distribution area of this species is 21.71 and 7.75 °C, 
respectively. Also, the average annual relative humidity in 
this region is 46.61%, the average rainfall of cold seasons 
for this species of Bromus is 455 mm and the average rain-
fall of warm seasons is 113 mm. And this species depends 
more on the cold season’s rainfall. Also, in the distribution 
area of this species, the average annual wind speed is 4.60 
knots and the number of days with annual dust is 23 days. 
The number of days with annual thunder is 18 days. As 
can be seen, the all of the climatic characteristics required 
for the growth and distribution of this Bromus species are 
different from the climatic characteristics required for the 
growth and evolvement of the previous species. Another 
species of Bromus, scientifically known as Bromus Sterlis, 
which according to the Pabout’s method has been identi-
fied as a “semi-steppe” distribution area, along with the 
two previous species of Bromus. But, according to the mul-
tivariate statistical methods, this species of Bromus is dis-
tributed in southwestern Iran and in the bio-climatic zone 
of (3), naming “semi-humid, very warm, relatively thundery 
and relatively dusty”. As the name implies, this species 
of Bromus is thermally distributed in very warm condi-
tions. As the average annual temperature and desirable 
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for this species of Bromus is 23.34 °C. Also, the average 
maximum and minimum annual temperature suitable for 
this species are 30.64 and 16.05°, respectively. The aver-
age annual relative humidity is 42.67%, the average cold 
season rainfall is 297 mm and the average warm-season 
rainfall is 44 mm, which significantly dependent on the 
cold season’s rainfall. Also, in the bio-climatic zone of this 
species, the average annual wind speed is 4.82 knots and 
the number of days with annual dust and thunder is 50 
and 17 days, respectively. All of the climatic characteris-
tics required for the growth of this species of Bromus are 
unique and are quite different from the needs of the cli-
matic elements and factors required for distribution and 
growth with the previous species. Especially since this 
species is located in a very warm environment and almost 
close to the shores of the Persian Gulf and the Oman Sea, 
and is also exposed to soil and sandstorms that occur both 
in the region itself and enter the region from the border 
with Iraq. There is also a species of Bromus with the sci-
entific name of Bromus tomentellus, which according to 
Pabout method, the climatic zone of this vegetation spe-
cies with three previous species has been considered as 
“semi-steppe” zone. But, in multivariate statistical meth-
ods, it is approximately distributed in the central regions 
of Iran and in the bio-climatic zone of “semi-arid and cold” 
zone. This zone thermally is cold and the average annual 
temperature and suitable for growth and distribution of 
this species is 16.14 °C, also the maximum and minimum 
annual temperatures and optimal for this species of Bro-
mus are 23.48 and 8.80 degree Celsius, respectively. Also, 
the average annual relative humidity for the growth and 
evolvement of this species of Bromus tomentellus is 37%, 
which has a lower relative humidity percentage than the 
previous three species because it is located in a drier area. 
The average rainfall of cold and warm seasons is 117/20 
and 36.15 mm, respectively, and is strongly dependent on 
the cold season’s rainfall, also in this distribution area the 
average annual wind speed is 4.95 knots and the number 
of days with annual dust is 18 days. As can be seen, four 
types of Bromus have been introduced that have com-
pletely different needs of climatic characteristics and are 
distributed in completely different bio-climatic zones and 
environments, unfortunately, despite these differences, 
Pabout’s method has named these species “semi-steppe” 
climates. While the multivariate statistical methods sepa-
rate each of these species according to the type of climatic 
need, in a segregate climate, and exactly specific to each 
of the vegetation species. Various vegetation species of 
“Bromus” as an example of the “semi-steppe” zone and 
different vegetation species of “Astragalus” as an example 
of the “arid forests” mentioned in the previous section are 
examples of incorrect zoning of the Pabout method, but 
multivariate statistical methods knowing that climate is a 

phenomenon composed of several climatic elements and 
considering the obvious and influential climatic factors in 
each of climatic zone, the bio-climatic zonation of Iran has 
been separated in such a way that each of bio- climatic 
zone has its own unique characteristics in the distribution 
and growth of vegetation species. On the other hand, spe-
cies and even vegetation varieties in each bio-climate zone 
are separated according to their specific traits.

5  Concluding remarks

Investigation of Iranian vegetation implies that the bio-cli-
matic zones separated in the multivariate statistical methods 
correspond with the dominant vegetation species in each 
zone. In any climatic zone, adaptable vegetation species are 
distributed within that climate. Given such explanations, 
the fact that multivariate statistical methods are effective in 
separating of bio-climatic classification is more apparent. As 
well, such efficiency of multivariate statistical methods has 
been confirmed by a large number of climatologists in com-
parison with the traditional methods of bio-climatic classi-
fication [1, 15]. Iran is characterized by a special climate in 
different parts of the country, which is dominated by differ-
ent climatic phenomena in different parts of Iran. For exam-
ple, the climatic factor of wind in the eastern, southeastern, 
northern (Manjil and Rudbar) and southwestern regions 
of Iran is one of the main climatic factors in the formation 
of climate in these regions. Also, special climatic phenom-
ena such as thunder, in the northwestern regions (East and 
West Azerbaijan) and the southeast (south of Sistan and 
Baluchestan province) are considered as the main factors 
forming the climate in these areas. Or the climatic factor of 
dust in the eastern regions of Iran, as well as the southern 
and southeastern regions of Iran, are effective in the distribu-
tion of vegetation in these regions and ultimately affect the 
climate of these regions.

With this introduction and these explanations, these cli-
matic factors have not been used in any of the traditional 
methods of dividing the bio- climatic zones of Iran (espe-
cially Pabout method) and conversely, in most traditional 
methods, only the two factors of temperature and rainfall 
are used in the classification of bio-climatic zones, so their 
results are not very accurate. Therefore, their results are 
not very accurate and have many drawbacks and do not 
correspond with the vegetation covered in the separated 
climates. On the other hand, the basis and criteria defined 
for the range of bio-climatic zones do not correspond to 
each other by the pabout method and are completely dif-
ferent from each other. While, in the multivariate statistical 
methods, all defined ranges for bio-climatic zones are sepa-
rated based on the intensity and amount of climatic factors 
obtained in each climatic zone.



Vol.:(0123456789)

SN Applied Sciences (2020) 2:1694 | https://doi.org/10.1007/s42452-020-03500-9 Research Article

Finally, here are some of the advantages of a multivariate 
statistical methods:

1. They have the potential to use a large number of cli-
mate variables and it has more in common with the 
definition of climate, as a complex phenomenon and 
since one or more elements are usually dominant in 
each area, they clearly form the area. These methods 
make it possible to identify these elements.

2. They have the potential to summarize a lot of climatic 
data without losing much of the information.

3. These methods enable the researcher to better visual-
ize and interpret data more easily

4. These methods enable the simultaneous analysis of a 
large set of data.

5. These methods provide a convenient way to handle a 
set of multi-variable data.

6. These methods provide an accurate reflection of mul-
tidimensional and multivariate systems.

7. These methods provide a good formula and suitable 
principles for integrating variables.

8. They allow identify and quantify real multi-variable 
patterns that arise from the correlation structure of a 
set of variables.

9. They have the potential to use the latest scientific 
achievements related to mapping and statistical meth-
ods in multivariate methods.
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