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Table 6. Evaluation and comparison of climatic parameters with satellite indicators
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Table 7. Evaluation of correlation of equations
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Fig 9. De Martonne Climate Classification Map: a) Meteorological data, b) Satellite data

Sloslsale 5 wlislsn 5 lss gluail ulul 5 LOT A5 5 Ol sl cadlil Slaasl C\y\ A Jgd>
Table 9. Types of climatic regions of Iran and their percentage based on the meteorological and satellite
classification of De Martonne
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Table 10. Validation of De Martonne Climate Classification Meteorological data with satellite indicators
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Abstract

Knowing the natural characteristics of each region,
especially identifying the climate classes, plays an
important role in planning and optimal use of
natural resources. In the most climate classification
methods, data such as temperature and
precipitation are required. However, due to the
fact that some areas do not have a ground synoptic
station, and also because of the distance and cost,
satellite data is used, which can be received at any
time, place and free of charge.The purpose of this
research is to investigate the climatic classification
of Iran with satellite data, which was investigated
in accordance with the climate map of De Martonne
during the years 2016 to 2019. In this study, two
MODIS sensor satellite products including
normalized differential vegetation index images
and land surface temperature and the data of global
precipitation images obtained from the IMERG
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algorithm were used.

The temperature-vegetation index was calculated
from the combination of the two mentioned
indices. The parameters used in the De Martonne
climate map include the mounthly average
temperature and annual precipitation, which were
used as the inputs of De Martonne method. The
correlation between ground-based precipitation and
satellite precipitation data, was 0.52. As well
correlation between ground based temperature and
satellite data was found to be 0.89. A kappa of
%90 aws obtained by comparing ground based and
satellite based De Martonne maps. The highest
climate class is belong to the arid climate (around
70%) and the lowest level is the Mediterranean
climate with less than 5%.

Background and purpose

Climatic data obtained from synoptic stations
cannot be easily generalized to areas with sparsly
located stations. For this reason, usually researche
are interested to estimated ground data from
satellite data and using the pixel value of these
data. For this purpose, satellite data has been used
for climate classification. The purpose of this
reseach is to create a climate classification map
based on De Martonne from satellite data as
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ancillary data. for this, data over 3 years (April
2016 to March 2019) were used.

Research Methods

According to the objectives of the research to, two
climatic parameters, namely temperature data and
precipitation on a monthly scale, have been obtaied
from the Meteorological Organization. Then,
average temperature and annual precipitation were
calculated through Excel software. To carry out
this research, Ts (MOD11A2) products, NDVI
(MOD13A3) products from TERRA / MODIS
sensor and daily rainfall images from IMERG data
were used. To calculate temperature-vegetation
index, Ts and NDVI indices are combined in the
scatter diagram and the desired index is calculated
.Due to the coverage of 35 km of Sinopitec
stations, this distance has been applied to the
images, which has provided the highest correlation
with meteorological data; De Martonne climate
profile has been chosen as the research climate
method, which uses only two average parameters
of temperature and precipitation. Pearson's
correlation  coefficient  (rp), coefficient of
determination (R2) and kappa coefficient were
used for zoning the data from interpolation
methods and for evaluating the results of satellite
data with the results of statistics and
meteorological information.

Results and discussion

In order to interpolation of ground data, llwis 3.3
software were used. Among the performed
methods, the cokriging method was found to be a
suitable method for interpolating annual rainfall
data compared to other methods. The rest of the
data in different time periods were interpolated
using the kriging method. In this research, it was
observed that the average annual temperature of
the country from April 13, 2015 to April 11, 2018
is 18.16 degrees Celsius and the average annual
rainfall is 222.97 mm. In addition, altitudes higher
than 1500 meters in the northern part of country,
have the lowest surface temperature and its value is
12.38 degrees Celsius; and average Ts with a
temperature of 32.91 degrees Celsius are located in
the desert areas of Iran. According to IMERG data
showed that Iran experienced an average rainfall of
330.09 mm during the study period. The highest
rainfall occurred in some parts of the north in
Mazandaran and Ardabil provinces, in the west and
neighboring provinces and in the south, and the
lowest rainfall occurred in desert areas. Average
seasonal rainfall was estimated at 128.38 mm in

winter and 5.53 mm in summer. The lowest rainfall
in both seasons was related to the desert areas of
Iran.

Pearson's correlation coefficient and R* coefficient
of determination were used to investigate the
relationship  between meteorological climate
parameters and satellite data. All meteorological
climatic parameters were defined as independent
variables and satellite indicators as dependent
variables. Also, the correlation between average
ground rainfall data and IMERG data was equal to
0.52. In addition, in checking air temperature with
Ts, a strong correlation of 0.89 was obtained. At
first, 143 synoptic stations were zoned by the De
Martonne method. According to Figure 9.a) and
Table 9, out of 6 climate groups of De Martonne in
the studied period, 3 climate groups were
recognized. Based on the results, two arid and
semi-arid regions have the largest climatic extent
with 70.62% and 27.03%, respectively, and the
smallest climatic region belongs to the
Mediterranean region with 2.34%. Arid climate is
often located in areas where average precipitation
and temperature are less than 300 mm and more
than 18 degrees Celsius, respectively.

According to the results indicated in Table 10, the
comparison of the estimated results of the De
Martonne classification method using
meteorological data with the results of satellite
data showed a Kappa coefficient of 0.90 and
accuracy of 93.76. have achived. In both
classifications, the desert areas of Iran were under
the influence of arid climate and the areas located
on the heights of Zagros were under the influence
of semi-arid and Mediterranean climate. Also, the
the area covered by Mediterranean climate climate
class was found to be % 1.87 lower than other
climate classes. According to the topography of
the study region and its prevailing climatic
diversity, in order to determine the precise border
of climates and climate changes, downscaling can
be used to change the pixel size of IMERG images
from 10 to 1 km in future research

Conclusion

Climatic data from synoptic stations cannot be
easily generalized to areas without stations that can
be calculated through interpolation for points
without stations. For this reason, pixel value of the
satellite-derived indices were used to estimate the
required parameters. Although De Martonne
climate classification has not been done with
satellite data, the results of this research are in
some ways similar to the results of the mentioned

110



J RS gis for Natur Res (2024) 15(2):89-111.

4 Journal of RS and 615
~ for Natural Resources 2

studies when ground data is used. For example,
they have assigned the maximum climatic extent of
Iran to arid and semi-arid climates and a some area
to other climates. In the research presented by
Moghari and Tang (11), the climate of most
regions of Iran varies from arid to semi-arid and
from arid to very humid. Mokhtari et al.'s research
(21), indicared that the climate of Yazd is arid or
semi-arid according to the De Martonne method.
Piri et al. (24), a large part of the central regions of
Iran has a arid and semi-arid climate, and factors
such as being far from moisture sources and being
in high pressure latitudes have had the greatest
impact on it. Gholami et al. (9) investigated the
climate of Manjil weather station in Gilan province
and presented its climatic changes from semi-arid

to arid based on the De Martonne method.
Imamian et al. (8) introduced the climate of
Khorasan-e-Razavi province from arid to semi-arid
according to the De Martonne method. The
limitations of this research that have influenced the
accuracy of the research results include: the
presence of clouds and the lack of data in the form
of pixel values of the images; which caused the
average value of 35 kilometers around the station
points to be used. Also, the volume and number of
data increased the need for data pre-processing.

Key words: Climate, Modis, precipitation, De
Martonne.
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