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1- Regional center of gravity
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2- Center of gravity model

3- Precipitation barycenter

4 -Density and uniformity

5 - Indian Meteorological Department
6 - Degree Centrality

7 - Clustering Coefficient

8 - Mutual Information
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Figure 1- A general view of Ardabil Province and the location of the investigated rain gauge stations.
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10 - Canonical correlation analysis
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Figure 2- Monthly precipitation barycenter and its movement direction.
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Table 1- The direction and distance of monthly precipitation migration in the rain gauge stations of Ardabil

Province.

Month Longitude Latitude Movement direction Movement distance (km)
October 48.08 38.52 Northeast 3.35
November 48.12 38.39 Southeast 14.61
December 48.13 38.37 Southeast 2.52
January 48.15 38.37 East 1.58
February 48.15 38.34 Southeast 2.52
March 48.11 38.37 Southwest 4.25
April 48.10 38.40 Northwest 3.50
May 48.09 38.37 Southeast 3.19
June 48.02 38.46 Northwest 11.48
July 48.04 38.41 Southeast 5.65
August 48.04 38.44 Northwest 3.11
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Ok oSSV JS8) wiload g 595 (reed 9 8 (05
O DS ES (B dogiz Sex o | AST Al
s 4y oS VVVIVA oSl 5 S > &Ll
ES > S wonlple 09 WWOA Jlow jo 08 Jloo
a2 90 ;0w sl wl o VL b o L ool S
laans S50 1 5 b o Coams 43 [EST V¥R -1 Y5

R S

S 5 4L s oSS RS gl
VWO Jlo 5l Jos,l sl jo ai¥le i ,L o0l 5 oS >
54320 6l pCawl oo B oololas ¥ Sl o VYD b
oBlS gama—ig 5 &8 > Cuz W) (5 Jol
S 5 b o 5 o i Bl s 5 o
AVl slaollol 5 as ols i mulo as ol! )L

R Sin Juo ) s jo Lo Jouo )l il jo o)L

47°20'0"E 47°40'0"E 48°0'0"E 48°20'0"E 48°40'0"E 49°0'0"E
Z
=
e Z
N =3
o =3
2
o
Z .
= Standard distance O
% Annual precipitation barycenter EB 2
%
&
Z
)
g z
N s
a g
%
(g}
N
1367
mz | I Km
0 10 20 40
47°20'0"E 47°40'0"E 48°0'0"E 48°20'0"E 48°40'0"E 49°0'0"E

YA GV Jlw 51 fwo,yl plicw! 50 ai¥le ()b oK, €S o o -V JSCi
Figure 3- Migration path of annual precipitation barycenter in Ardabil Province from 1971 to 2016.
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Figure 4- Changes in (a) longitude and (b) latitude of the precipitation barycenter from 1971 to 2016.
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Extended Abstract

Introduction and Goal

The decreasing trend of precipitation in many regions of the country, including the northwestern
provinces, has made it more necessary to investigate new methodologies to complete the databases
of the country’s watersheds. In this regard, understanding the changes in precipitation barycenters,
as an emerging concept, that indicates the long-term spatial distribution of regional precipitation is
especially important for the administration of watershed management issues such as reducing drought
effect, flood control,and water resource conservation. To thisend, the present study analyzes the precipitation
barycenter and its relationship with the spatial distribution of the rain gauge network in Ardabil Province.
Materials and Methods

To calculate the precipitation amount, the statistics of 49 meteorological stations during the
statistical period of 45 years (1971-2016) were used. Based on the principle of station extraction and
considering the rationality of the lowest density and uniformity, five stations were determined as the
minimum possible number. Then, densities of 10, 20, 30, and 40 stations were extracted randomly to
compare the distribution of precipitation centroids with the density of the station network. The statis-
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tics above were used to implement the gravity center model, calculate the standard deviation ellipse in the
ArcMap 10.8 software environment, and conventional correlation analysis on monthly, seasonal, and
annual time scales using XLSTAT.

Results and Discussion

The results showed that in spring (April to June), the direction of movement of the precipitation
barycenter was significantly different and the movement distance was 18.17 km. In summer (July to
September),theprecipitationbarycentermainlymoved20. 1 8kmtothenorth. Inautumn(Octoberto December), the
precipitation barycenter mainly moves 20.49 km to the south and has the longest movement distance among
the seasons. In winter (December to March), the precipitation barycenter moves in different directions and
has the smallest movement distance (8.35). The annual precipitation barycenter migrated mostly in the
southeast direction. The maximum migration of barycenter for 1979 was towards the northwest with 111.78
km. Besides, the annual precipitation barycenter in Ardabil Province in the three decades of 1971-1981
migrated mostly to the northwest and in the other decades to the southeast. The stational network density was
positively correlated with changes in the precipitation barycenter (CCA = 0.65 at a significance level of 5%).
Conclusion and Suggestion

The highest conventional correlation coefficient of 0.80 was obtained for the density of 40 stations among
different densities of 5, 10, 20, 30, 40, and 50, and the lowest coefficient of 0.04 was obtained for the
minimum density of 5 stations. Based on the results of this study, changes in the movement of precipitation
patterns that can be effective in drought and wet periods were identified. It is suggested that the relationship
between climate change and elevation factors with spatial-temporal changes in the precipitation center of
gravity be investigated.
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