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Statistical period. In 1935, the former institution of the world meteorological organization (WMO)

considered 1901-1930 as the reference period for obtaining the mean climate
condition (WMO report 2015). After this, the WMO has updated its 30 years period
reference periods as 1931-1960, 1961-1990 and 1991-2020. Considering 30 years
of data as a unit of climate identity suggests that a reasonable analysis of climate
change and trend detection need at least 60 years of continuous data. Since the
geographical location of many meteorological stations has changed during the last
few decades, constructing the long-term dataset of meteorological variables is one of

the challenging interests of meteorologists in such stations. To construct long-term

Received: time series of precipitation data in addition to randomness and homogeneity tests,
Dec/04/2022 WMO proposed standards were also considered. These standards, which mainly deal
with the distance and height of relocated stations, are adopted here as homotopy
. analysis.
Revised: . . . . . . I
Jan/10/2023 Shiraz is the capital city of Fars province, with a population of about two million and
the area of 500 Km2. The marble Tombs of Hafez and Saadi, honoring their revered
poets are located in this city. While the city is the fifth-most populous Iranian city,
Accepted: the population is ever increasing. The increasing population has caused a serious
Jan/10/2023 shortage of water even for drinking and sanitary purposes. For many, this question

is raised as to how much the lack of water depends on the changes in the annual or

seasonal precipitation of this city. The construction of the long-term time series of
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precipitation is an essential approach to answer such questions adequately. After obtaining the time
series, trend analysis shows whether precipitation has experienced a systematic increase or decrease.
Therefore constructing the long-term (near a century) time series of precipitation for Shiraz and
evaluation trend in the obtained time series are the main motivations of the present study.

Data and Methods

The monthly precipitation data collected by British consulate in Shiraz that span the period of
1920-1933, are the oldest water-resources data in Fars province. After this, the Iranian Bureau of
Reclamation and Irrigation (IBRI) collected precipitation data in another place of Shiraz city over
the period of 1943-1955. Although the Iranian Meteorological Organization (IRIMO) has been
collecting rainfall data at the Shiraz station since 1951, the station has been moved three times
since its opening. Besides IRIMO, Fars Regional Water Authority (FRWA) has started collecting
precipitation data in its own weather station in Shiraz since 1961.

To construct a long-term (1920-2020) time series of Shiraz precipitation, we examined all
aforementioned discrete or continuous precipitation datasets from the statistical and homotopy
points of view. The statistical examination was mainly based on the parametric Student t test and
the non-parametric Mann-Whitney and Run tests. We used the period of 1971-2000 as a reference
period to compute the anomaly time-series of the constructed dataset. The Mann-Kendal test and
the Sen’s slope index were used to identify the significance level and the magnitude of trend in the
constructed data series.

Results

Fortunately, we were able to construct the long-term precipitation data of Shiraz by joining the
collected precipitation data in three stations comprising the British consulate, the IBRI, and the
FRWA. Although data collection has already been stopped at the first two stations, this activity is
underway at FRWA. In other words, updating is possible for the constructed time series. Regrettably,
the collected data at the IRIMO weather station in Shiraz airport were found inconsistent with the
old time series of this variable and hence were not used to construct the long term dataset. This
inconsistency mainly attributed to the long distance from other stations, distance from mountainous
areas and low altitude of the IRIMO station.

We did not find a significant trend in the constructed annual time series. Moreover, while the
autumnal and wintertime time series did not show significant trend, the spring and summer time

series exhibited a positive trend. (tablel)
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Table 1. General results of Mann-Kendall test for the 98-year time series of Shiraz

Sens Slope(mm/year) P-value Zyk Length period series type

-0.028 0.9 -0.073 (1302-1400) (Anomaly series)

-0.028 0.9 -0.073 (1302-1400) (98-years time

series)

-0.065 0.75 -0.32 (1302-1400) (Autmn season)

-0.52 0.11 -1.55 (1302-1400) (Winter season)

0.47 5 4 (1302-1400) (Spring season)
0 0.02 2.21 (1302-1400) (summer season)
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Table 4. The results of t-student test for two periods (1344-45)-(1302-3) and (1399-400)-(1345-46).

SIS Jits Gloj 03 93 Jobo
P-Value
t-Value The length of two independent time periods
(1302-3)-(1344-45)
0.348 -0.94 and

O S erRileo 3 5l i el (535 70 4a>U 33 0595 £ 95 9 )b (oulBl (sloo 90 .0 J9u
.Table 5. Climatic periods of precipitation and type of period in the central area of Shiraz city and its averages

(%0 (ko) A¥Lw )b (Silo

Average annual precipitation (mm)

(ownos) S0y 0,90

time period (solar)

0)9° &9

Type of period

332.6 (1302-3)-(1329-30) (Climatic period) sl o,g0
343.2 (1310-11)-(1339-40) (Climatic reference period) o8l g 5o 0,90
323.1 (1320-21)-(1349-50) Climatic period
3434 (1330-31)-(1359-60) Climatic period
337 (1340-41)-(1369-70) Climatic reference period
385.9 (1350-51)-(1379-80) Climatic period
370.9 (1360-61)-(1389-90) Climatic period
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Table 6. The results of comparing the mean of the Mann-Whitney test for seven climate periods two by

two. (z-statistics)

oolil sla 050 Pl P2 P3 P4 P5 P6 P7
Climatic periods

P1 - -0.132 -0.43 -0.13 -0.28 -1.32 -1.26
P2 - - -0.57 -0.39 -0.52 -1.3 -1.9
P3 - - - -0.81 -0.19 -1.2 -1.2
P4 - - - - -0.25 -1.6 -1
P5 - - - - - -1.2 -1.2
P6 - - - - - - -0.15

L i yalo bl ay il o VWYY 558
OV OTYAAL) el 050 Al )+ e S
s ) (e g2 yo (oorlil o5l e 4y (VYO
Sl =Siles 50551 Cws 4 3l s D9 o 43S
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T 4o ) (Hbegl (65w g 00 4 wlS (- Sile

A sy oS (V) Jousr
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Oloson 09145 @y (50593 i 2 10 (50,9
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Table 7. Anomaly series according to solar reference climatic period

year 1300 1310 1320 1330 1340 1350 1360 1370 1380 1390
00/01 o -271.92  -15192  -62.92  -10592 163.48  -33.52 -5.62 92.18 -45

01/02 - -43.92 82.08 -89.92  -24592 -17472  -8.02 239.88 -8.02 47.68
02/03 8.08 -88.92  -104.92 196.08 -146.92  -80.42  -1574 -184.22  35.38 -85.92
03/04 1.08 26.08 112.08 177.08 110.08 14.58 -63.72  143.18 200 -130.9
04/05  -52.92 -75.92  -154.92  -66.92  -302.92 12848 -90.82  268.18 -5.42 -104.9
05/06 -148.92 -12592 -157.92 112.08 -155.82 -129.32 174.88 -143.62 14.58 -28.8
06/07  -97.92 23.08 9.08 140.08 7.28 48.68 67.58 153.38  -256.1 -252
07/08  115.08 11.08 -92.92  -141.92 -5.92 63.58 -167 -33.92  -190.5 4.08

08/09  48.08 -54.92 -63.92  -187.92 -246.52  93.18 33.98  -164.52  -127 21.78
09/10  102.92 -107.92  -30.92 -93.92  -220.82  -72.72 36 -119.62  -151.3  -196.7
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Table 8. General results of Mann-Kendall test for the 98-year time series of Shiraz

o b o ke =P IS (o o )lef 0399 Job S EF
Length period series type
Sens Slope(mm/year) P-value Zyk
-0.028 0.9 -0.073 (1302-1400) SlogsT (6 0
(Anomaly series)
-0.028 0.9 -0.073 (1302-1400) Al A (5
(98-years time
series)
-0.065 0.75 -0.32 (1302-1400) b
(Autmn)
-0.52 0.11 -1.55 (1302-1400) ey Juad
(Winter)
0.47 5 4 (1302-1400) e
(Spring)
0 0.02 2.21 (1302-1400) bl Jad
(summer)

700

600
500 |
400 1
300
200
100

Annual Precipitation Totals (mm)

1302-03

1307-08

1312-13 1
1317-18 1
1322-23 1
1327-28 1
1332-33 1
1337-38 1

1342-43 1

| — Annual =e=MA30

1347-48 1
1352-53
1357-58
1362-63
1367-68
1372-73
1377-78
1382-83
1387-88 1
1392-93

e 5L Al (o Syt (5255Leo g (o) (5w HI0 905 Y SIS
Fig 2. Time series chart and moving average of 30 years of Shiraz rainfall
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Fig 3. Graph of time series and moving average of thirty years of seasonal rainfall in Shiraz
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