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Abstract

Diurnal air temperature modeling is a beneficial experimental and mathematical approach which can be
many fields related to Geosciences. The modeling and deatigoral analysis of air Diurnal Temperature Cy
(DTC) was conducted using data ohtd from 105 synoptic stations in Iran during the years 2013 for the first
time; the key variable for controlling the cosinetem® TC model i ng known as b we
as monthly and annual parameter. The effect of environmesmtdbles of humidity, pressure, diurnal ¢

temperature range, and wind speed were analyzed
bet ween considering b as monthly (dynamic) &SE of
approach with dynamic b was 2.1 AC and with con
analysis of environmental vari ables showed that
hi gher b valsseas ebuwtr etaisgts hprweed hi gher variabil ity
diurnal temperature range, |l ower b values with
positive effect on b values.
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1. Introduction

Air temperature is an important variable in
many fields like climat€Hansenand Lebedeff,
1987; Jonest al, 1999) biology (Penget al,
2004; Tanjaet al, 2003) agriculture(Walthall
et al, 2013) hydrosphergHaaset al, 2013;
Lofgren, 2014) atmosphergPhilandraset al,
2015) health (Lowen et al, 2007) and
biospherg(De Kauweet al, 2017). The spatie
temporal behaviors of air temperature depend
on many environmental factors like wind speed,
soil moisture and surface roughné@eiger et
al., 2009; Prihodko an@oward 1997; Prince
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et al, 1998) According to(Benaliet al, 2012)
solar radiation as the main energy influx is
controlled by many factors like latitude, cloud
cover, and particle matter. The influence of
surface energy budget components control the
air temperatureycles(Stensrud, 2009)n most

of climate studies daily mean temperature is
used which cannot explain theomplex
behavior of diurnal air temperature. In fact,
mean temperature is mainly affected by
maximum, and minimum diurnal temperatures
(Sunet al, 2006) Qu et al (2014)studied the
diurnal temperature range variations of
continental United StatesYue and Hashino
(2003) analyzed theannual, seasonal, and
monthly mean temperatures in Japan during
19001996. Tabari and Talaee (2011)
investigatedthe trends of annual, seasonal, and
monthly maximum and minimum  air
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temperature time series in western half of Iran.
T¢r kek an @04) Stydime the spa?io
temporal behavior of maximum and minimum
temperatures and diurnal temperature range in
Turkey. Gadgil and Dhorde (2008nalyzed air
temperature changes in Puci¢y of India. The
relation of environmental variables with air
temperature were investigated in some studies
(Aikawa et al, 2008; Bonnardott al, 2017;
Ephrathet al, 1996; Nojarov, 2014; Péet al,
2014; Xiaetal., 2016; Zhanget al., 2014)

Study of air temperature in continuous
temporal space is possible by enebydget and
empirical models. Energy budget models
require a large number of input parameters.
Empirical models like DTC models are
sinusodal models which only require maximum
and minimum temperature and some parameters
as input (Parton and Logan, 1981)These
parameters are calculated based on latitude, day
of year and maximum and minimum air
temperaturesLeuning et al (1995)proposed a
Diurnal Temperature Cycle (DTC) for air
temperature. One of these parameters in this
model , known as b in
half with cosine term in DTC model. In some
researcheqLeuning et al, 1995; Parton and
Logan, 1981; Stiseat al, 2007) this parameter
was considered as a constant parameter derived
experimentally. No methodology was proposed
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for calculation of theses parameter and it
relation to environmental variables in these
studies.

The main purposes of this studyere 1)
applying a DTC model for air temperature over
the study area for the first time, 2) calculating
ad analyzing
analyzing the relationships between
environment al variabl es
present study can pave the w&yr boosting
modeling temporal observations of air
temperature in the study area. As result more
accurate results can be achieved from climate
and meteorological researches.

2. Materials and Methods
2.1.Study area

Iran, located between 25 40° N and 4°-
60°E, has diverse climate regimes due to wide
latitude, Alborze and Zagros mountain chains in
north and west, vast deserts (the Kavir and Lut
Deserts). North of Iran is limited by Caspian

t h $ea and sostle af tran s ,constrained by #érsan t h e

Gulf and Oman Sea. According tdqDe

Martonne, 1926 the main climate zones
include: arid, sernarid, Mediterranean, Semi
arid, humid, very humid, and extremely humid.
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Fig. 1. a) Topographianap and weather statioof the study area. lihe climate classification of Iran basedd@ Martonne
climate type (19662005)(Tabariet al., 2014)

2.2 Data and Methodology

Data including Air temperature, relative
humidity, and pressure in three hourly intervals
were obtained from 105 synoptic stations of

Islamic  Republic of Iran Meteorology
Organization (IRIMO) for the studied area
during 2013 to 2014. Figure (1) shows the
spatial distribution of weather stations. The
acquired data were checked by constructed time

t larea, dnd 3) al u e

and

n
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series and missed data were excluded from
dataset. The applied air DTC model in this
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Where,4 is the air temperaturg e &t ime

t;4 and4  are two variables of minimum

and maximum diurnal air temperature3; is

the timg when maximum diurnal air temperature

occur,bOi's the turning poin

is day duration, and is modified day
duration indicating the width over the half
period of the cosine terny. is a coefficient
which was used to tune thgeriod of cosine
term with air temperature changes. In order to
calculater , the values of 105 synoptic stations
the proposed methodology {holamniaet al,
2017) was applied and the range of was
defined between 0 and 10.

Day duration was calculated b{puffie and
Beckman, 1980)

5 —AOAADRBIOAT &)
3 is latitude andj) is solar declination
dependent on day of year (DOY) based on

ELAGIBZ et al (1999)

1 ¢c& WEFH—cuyt$/ 9 (6)

The behavior and sensitivity of to
environmental variables of humidity, diurnal
temperature range, pressure and wgpked
were analyzed; in the first step the spatial
behavior off values for 12 months were shown
over study area by using Kriging interpolation
method. After that variation bars (mean values
with standard deviation) were applied to show
the behavior of r in contrast with each
environmental variable in each month. Finally,

10¢

study is based ofGholamniaet al, 2017)
(1)
K—06 0o 2)

the monthly average of environmental variables
was plotted witly values to analyze the general
trends in one year period for all weather stations
in the study area and their effects prwere

discussed.

3. Results

3LEstimation of b in the st uct
t Th fe eD-sr thiaItrrneg w(\j/eeeecljsﬁohmxin figure

(2) for each month in the study area. Imuary

t he maxi mu rn Nbrth Wass of Pan 6
(Figure 2a) . I n Fedsr uar y
decreased in North West but in other areas it
had sl ight increase. I n
had slight decrease except for south east of the
study area. I'n April
significantly specially at@uth part of Iran with

9.2 The spat | extent of high
south west, south east and central part of Iran
was increased and reached maximum in May,
June and July (Figure 2 e, f, and g). In July the
val ues of b were decreased
(Figure 2 h, i, j, k, and I).
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3.2. The accuracy of air temperature modeling

For model ing of air DTC,
both as constant parameter through the year and
as a dynamic variable which may changes every
month. The accuracy of both modeling
approaches are shown in Figure (3 fall
weather stations in the study area. Figure (3a
and b) shows the RMSE, kurtosis, and skewness
of air temperature modeling with fix and
mont hly dynamic b,
histograms do not show significant differences.
The dynamic b &l pbetteo a c h j
performance (0.1 ° C error in air DTC model) in
95% percent of data.

respec:

us
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3.3. Annual analysis of environmental variables
and their relation

The humidity pattern in the study area was
shown in Figure (4) for each month. In January
(figure 4 a) in west, south west, north and north
east of Iran, the relative humidity is more than
60 %. In south part (near coast stations) the
humidity was almost®%. The central part, east
and south east had relative humidity less than
55%. In FebruaryMarch, April, May, June,
July, August, September, and October (Figure 4
b, c, d, e f, g, h,i and j) the humidity in north
of Iran was more than other parts @@ahan
60%). The humidity in May was increased
slightly in northwest and west of Iran which can
be attributed to the activity of convective

HUM-Month-1

to b

HUM-Month-2

111

systems during this month of the ygadijani

and Harman, 1985)n south part in near coast
stations, the relative humidity was higher in
warm periods of yeadue to the effect of high
irradiation and sea breezén November and
December, the relative humidity was lieased

in Northwest, west, and north east again.

The annual trend showed that in central and
eastern parts of Iran, the relative humidity was
decreased in warm period of ye@he temporal
variations in north of Iran had the lowest
variation of humidity fninimum humidity range
was 4% in Jirandeh in north of Iran). In most of
weather stations the humidity was decreased in
warm seasons. West of the study area showed
high humidity variations (maximum variation
was 56.67% in Qasreshirin).
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Fig. 4. The spatigemporal behavior of humidity through a year in the study area; a) January, b) February) March, d) April, e) May,
f) June, g) July, h) August, i) September, j) Octolg Novemberand I) December

Figure (5) shows the variation bars of mean
humi dity and its
values for every month(from January to

December). The humidity values were divided

st an d aa fdur cthesesibased om the angoraXinuis t
changed

observed range. In Januamneanb

b
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between 1.9 and 2.3 (Figure 5 a).Hebruary same trend as July was almost observed and the

and March, meafd val ues had sl bghtandecmwaassedecreased sl igh
below 2 (Figure 5 b and c). The patternofmean ( Fi gure 5 i) the b reached

b variations in these t (Breirethenthirchgronpsof rumidity. édctoberst t h e
same; in class htee of humidity a slight (Figure 5 ), the myange of ¢
decrease is observed. Anf greup thtedn aft humidityh eand nhasa the b

range was increased and in April, except for maximum value of 3.4. In November (Figure 5
class two of humi di ty, Kknteeacurve bf plot éasdevessa in eohtrasd with
increasing trend (Figure 5d). In May (Figure 5 other plots and has the maximum value in the

e), b had a decreasi ng decordncidss ofhumidity. it Deaesnker (Fijuree e o f
humidity and then increased. In June the range 5 I) the trend ofplot has anincreasing trend
of b range was i ncr eas kot fird to fibrth ¢lasseof humadityi Tiheligeneral

value (5.8) was observed at fourth level of analysis of all variation bars showed no specific
humidity (Figure 5 f). tneddl ¥y of Fihgunrilals dearghet,n dt hnee abn

range still grew and except for group two it has meanb had an increasing trend
an increasing trend. lAugust (Figure 5 h), the then decreased after October.
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Fig.5. Variation bars of mean and standard deviation of relative
March, d) April, €) May, f) June, g) July, h) August, i) Septembécfpbe, k) November, and I) December

In figure (6) the monthly patterns of pressure showed that most of weather stations had small
in the study area were shown. The results pressure variations during a year. In North,
(Figure 6 a, b, c, d, e, f, g, h, I, j, k, and I) south west, south, and south east parts (near
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coast) which has low elevation almost 20 m contrast with other parts. One should note that
AMSL had highest pressures in the study area  since no weather station is present in Alborz
(more than 960 hPa). In mountainous regions,  Mountains in north of Iran, the pressure values
west and north west, the pressuraswower in at this part were not interpolated properly.

Fig. 6. The spatitemporal behavior of pressure in the study area; a) January, b) February) March, d) April, €) May, f) June, g) July,
h) August, i) September, j) Octab&) November, and |) December

The variation bars of meabh and me avas observed. After that from April to
pressure for each month is shoumnfigure (7) November b showed an increas:c
Based on annual maximum observed pressure the first to fourth class of pressure (Figure d, e,
range in weather stations, four classes were f, g, h, 1, j, and k). In December (Figure 7 I) the
defined. In January, February, and March trend of plot is almost like the bras belonged to
(Figure 7 a, b and c), almost the same pattern  January to March.



