Journal of Geography and Environmental Planning, Vol 32, No. 3, Ser No. (83) Autumn 2021 1

Variation in the Spatial Factors Affecting Precipitation in Relation to the
Decadal Changes of Annual Precipitation in Iran

Hossein Asakereh ! * | Seyed Abolfazl Masoodian *, Fatemeh Tarkarani *
1- Proffesor in Climatology, Department of Geography, University of Zanjan, Zanjan, Iran
(*Corresponding Author Email:asakereh@znu.ac.ir)
2- Proffesor in Climatology, Department of Geography, University of Isfahan, Isfahan, Iran
3- Ph.D candidate in Climatology, Department of Geography, University of Zanjan, Zanjan, Iran

Extended Abstract:

Introduction

Some mechanisms of climate change, particularly changes in precipitation, are the result of
changes in local mechanisms, while some others are caused by the interaction of events on larger
scales, e.g., regional, synoptic, hemispherical, or planetary scales. However, in all these changes, the
reactions of spatial factors like geographical coordinates (latitude and longitude) and topographic
features, including altitude, terrain slope, and terrain aspect, on a local scale can be a proper signal of
large-scale changes. In particular, numerous studies have shown that spatial variations, as well as
temporal variability of precipitation, are in relation with spatial coordinates (longitude and latitude)
and topography (altitude, terrain slope, and terrain aspect). Nevertheless, the fact that the temporal
variation of precipitation is in relation with the roles of spatial factors has been neglected.

Using the Artificial Neural Network (ANN) technique, the present study aimed to provide
inferences about the decadal changes in the overt and covert links of spatial factors with the
precipitation climatology of Iran. Thus, using the national network data (Asfazari), 3" version, the
spatial distributions of precipitation for the last four decades were compared based on spatial factors.
Also, an attempt was made to show the decadal variation of precipitation in Iran in relation to spatial
factors, which could serve as an index of climate change as an essential field of research on
precipitation.

Data and Methodology

Two datasets were employed to conduct this investigation; the 3™ version of Asfazari Precipitation
Dataset and the data of a Digital Elevation Model (DEM) related to Iran. The first dataset with the
dimensions of 16801x205x167 and a resolution of 10 km was applied to study the temporal and
spatial behaviors of precipitation within Iranian borders. The second dataset with a resolution of 10 km
belonged to the US Geological Survey produced via ASTER satellite imagery with a global coverage.

Based on the two above-mentioned datasets, the following steps and methods were taken and
adopted to conduct the current study:

1- The average precipitation for the whole period (1969-2015) was calculated and its spatial
relationships were examined. To investigate the variability of decadal precipitation, the average
precipitation for each decade up to the decade of 2006-2015 was measured. Thus, the first 6 years
(1969-1975) did not fit into the study decades to provide a comparison. Accordingly, the spatial
characteristics of precipitation in Iran during the four decades of 1976-1985, 1986-1995, 1996-2005,
and 2006-2015 were studied.
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2. Precipitation is considered as one of the elements, phenomena, and climatic processes, as well as
an important indicator, in climate change tracking. One of the notable features of precipitation is its
strong and often nonlinear relationship with geographical coordinates (latitude and longitude) and
topographic factors (altitude, slope, and slope direction). There are several ways to study this
relationship. In this regard, we can refer to regression methods, control methods, ANN methods, etc.
In recent years, the use of regression techniques (for example, Singh et al., 1995; Glazin, 1997;
Alijani, 1373; Ghayyur and Masoudian, 1375; Mojarad and Moradifar, 1382; Asakereh, 1384; Razi'i
and Azizi, 1387) has been in focus.

Modeling the time series of climate like precipitation and chaotic spatial relationships of such
nonlinear series are difficult and complex task due to atmospheric dynamics and its nonlinear
relationships with spatial variables and since temporal change (variability) of precipitation in a
continuous and chaotic system reflects a complex and nonlinear atmospheric behavior in the
"geographical space". The spatial analysis showed that the relationships between precipitation and
spatial factors had undergone a change on the tempo-spatial scale. Accordingly, complex algorithms,
such as ANN methods, were more suitable for modeling these chaotic time series in a broad space like
Iran.

To study the characteristics of precipitation in Iran and compare the spatial relationships of
precipitation in the current research, the spatial distribution of precipitation on the decadal scale and
the decadal variability of precipitation were first investigated. Based on the selected spatial-
topographic factors in all 16203 cells on the map of Iran as the ANN inputs, a model could be
extracted to better fit the data. In this paper, the precipitation in Iran was regarded as the target
variable to be compared with the model outputs.

Results and discussion

General characteristics of annual rainfall

The spatial average of precipitation was about 250.5 mm. There was a very large spatial difference
of precipitation in Iran. The spatial variability of precipitation was estimated based on geographic
coordinates and topographic variables by using the ANN technique. Although the model’s error rate
(88809.3) was noticeable, the correlation coefficient (0.95) showed that the estimated spatial
distribution pattern of precipitation and the spatial distribution of real precipitation were very similar
(90%). The absolute values of the model’s coefficients revealed that longitude, latitude, and altitude
played the most important roles, respectively. The terrain aspect played the least important role in
justifying precipitation.

Decadal changes of precipitation

The average precipitation in the country demonstrated a significant decrease from 268.1 to 220.3
mm from the first to the fourth decade. Nonetheless, the second decade had experienced a relatively
significant increase and thus disrupted the general downward trend. The average precipitation anomaly
was negative in the last two decades as well. This was evidence of the impact of the decreasing trend
of precipitation in all regions of the country. Consequently, in the last two decades, 76.1 and 81% of
Iran’s territory had received less precipitation than the long-term average precipitation between 1969
and 2015, respectively. The amounts of precipitation in the models fitted to each decade were
compatible with the actual precipitation amounts. Therefore, the role of spatial factors in estimating
rainfall had an acceptable capability.
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Decadal changes in the effects of spatial factors

Assessment of latitude coefficients revealed that both the pattern and coefficient values were
corresponding to the first, third, and fourth decades. It seemed that the negative values of latitude
increased towards the last decade. For the second decade, which was associated with a relative
enhancement in rainfall, the coefficients were different from those of the other decades. In this decade,
coefficient variability was higher than those of the other decades. The average longitude coefficients
of 10 neurons for the four studied decades were 1.76, 29.35, 0.91, and -1.19, respectively. The average
altitude coefficients of neurons for these decades were about -2.87, -7.3, 0.1, and 3.75, respectively.
Also, the average slope coefficients for the decades were almost similar to those of the altitude pattern
(-2.29, 29.91, 0.3, and -0.22, respectively). However, the degrees of influence (coefficient values) and
their signs were highly different for these two factors. Finally, the average coefficients for slope for
the mentioned decades were about -0.71, 31.18, 0.34, and -2.83, respectively.

Conclusion

In this investigation, the diversity of spatial factors, such as geographical coordinates and
topographic features, were found to have led to the spatial diversity of climatic elements like
precipitation. In association with the temporal changes of precipitation, spatial factors played different
roles in the process. Therefore, despite the relative stability of spatial factors, it could be inferred that
these factors played different roles in the context of precipitation changes. To track the roles of
geographical coordinates and topographic factors, i.e., altitude, terrain slope, and terrain aspect, in
precipitation, the Artificial Neural Network (ANN) model was utilized. The research findings could be
presented in two categories as follows:

Keywords: Iran, Artificial Neural Network (ANN), decadal variation, precipitation variability, spatial
variable, topographic factor
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Figure 3. a. Spatial distribution of Iran annual precipitation, b. the fitted values and c. the error of



\¥o O, Kes 56 Sl prmm o300l BV 3,L (slans S o b LS, 53 i 30 S Jalse B 5y ek

model for the period of 1970-2016

S 38 bl Ol o) Jsdor S5 0ddal)l Stean o i pslis 51 bl el 4 55 I Jis sllast Ol e

) Ao s Ar i alid cpl il o e Sl e3lsg, 0L 5 ekds sl AL S w5 N

BE) LSJJJTJ—’Q':";—’ 6L]a;— ccv Jg_& ‘5LMJ.’ sl sdalie L};B (d},a‘jj ‘_;:Ll))\ CU’LJ‘}'J) SHe 4w 33 (wﬁ"'?

o= gl s @ﬂiﬁrséua}-)<ou;guw)uo|ﬁ| ot el o S (o b)) OL s
e sdalin JJU)U\.MVS dlﬁl.bl.:)}.;sf‘f olas ‘U’i\ )j};jl{.b}&& odu> aJ.S\I:‘)j.bm_jf‘f

&5‘;3‘;Jﬁ‘f—&@‘k&@h}‘ybdﬁ)bjjw#ﬁwuﬁj‘ﬁ&ﬂduojb]\ JJJ’:

VAL \YER &, 05 ol

Table 1. Best fitting statistics of neural network of precipitation based on geographical coordinate
and topographic factors for the period of 1970-2016

MSE g3 =) Sl
AMA QY v /900 VAYAY v/40)

ol ol e 5B Lol el SLIY sl s (935,55 e e 51 K p O S 4 by e ol s
o Ll codle uslie Glle 53 edle das o 0L (3oL 55 53 1) dl8es lads 5 s La e 5 Sy
Al flil 5 bl e aLdlar dpb cd S s AB it 45 3 Ol Sl
Sledoas G285 Slelis) a5 a3 olal 53 W s 5 il o ol 42303 (o g 1y Sk a5 53 SEE (58
lelisyl 5 a8 Jld 555 o s 5 Sl S e s 4 bl ils 5528 2oL SIS w5 s
V| Y- g - TR N] [ WO YD SR = IV S I | E GO P W wwaﬁyé\ﬁdewiwsg ol o
el a3l B3 Sl ar Jsb 4 bgy e

Sl 2 S SO S 5 sl e — gl Slamses Koy Gl 4 b cal o2 Y Jsu
Table 2. The neuron's coefficients of geographic coordinate and topographic factors effecting

precipitation
d e b gus)! @bl A b @bl A 52
Y —2 /00 VAl =Y/ VLY
-1 —Y/\V VA o/F V4
— Y et —o T YAV —Y/+A
—/0 = /AN /YA £/0) /YA
— o —YE VoY o/F Vgt
/ey V0N —/\A —Y/AY -0/t
Y ~Y/VA £/Yv VY4 ~£/A
— /Y A -\ A Vs
— /Y ¥/ —Y/Y VAY g8y
-/ —o —Y/re V/Y4 /3




VErr 5l O oyled AT by FY Jle ase s p,00 p 5 Wla 1)

O @3lade 5 2L (slans Ol ks
DL Ol ATAE SIVER 8555 iy ol 550 (ol .o e300l S S sy il IS
5l ens lag Olasiin das o OLS sld sy 5 das sl (gl 1y e sllast s 50 5 03l el
ol SIY sl 53 b S35 0l
£ S 4 b 0ddas gl - Bl oL (Kowen 5 2L sobeal ()L T sl Sy ¥ Jgus
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Figure 4. a. Spatial distribution of Iran precipitation, b. precipitation anomaly, c. model estimated
precipitation, and d. the model error for the foure under study period
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Figure 5. Neuron's coefficient of geographical coordinate for the fitted models on decadal
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