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Mann-Kendall test, This study investigated the trend of hydroclimate parameters of the Miankaleh wetland
Sen slope, using the Mann-Kendall test and Sen slope estimator. Temperature, precipitation, and
Hydroclimate, evaporation parameters were used from the synoptic stations of Dashte-Naz and
Miankaleh wetland Hashem Abad. Also, the discharge data were used from the hydrometric stations of

Khalil Mahalleh, Tazeh Abad, Baghoo, and Vatana stations. The results of the Mann-

Kendall test showed that the temperature in the Dashte-Naz station in spring and

summer seasons has a significant increasing trend with 95% confidence and a

significant decreasing trend in winter. Also, there is an increasing trend in Hashem

Abad station, with a 95% confidence level in the spring and autumn seasons.

Precipitation in Dashte-Naz station with a 95% confidence level has a decreasing and

increasing trend, respectively. The most frequent trend changes in Dubai are related to

Vatana station, which has a decreasing trend on an annual scale. Evaporation in Dashte-

Naz station has a decreasing trend in the autumn and winter seasons and has an

increasing trend in spring. Also, in Hashem Abad station, the evaporation rate in autumn

has a decreasing trend. The Sen slope estimator method results showed that

precipitation in Dashte-Naz station in December was -2.983, and on the annual scale, it

is related to Hashem Abad station with -6.283. The highest monthly positive trend line

) slope of all parameters is related to August precipitation in Dashte- Naz station with a
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Extended Abstract
Introduction

The increase in the temperature of the earth, the limitation of water resources, and climate change are among
the most critical environmental issues in the world (Ezaani et al., 2009:1). Climate change, with variations in
precipitation, temperature, and evaporation, affects the water balance of wetlands to a great extent and makes
wetland restoration and management programs more complicated (Zolfagarian, 2015:1). In recent years, the
Miankala wetland has faced the problem of water level reduction and one of the leading causes can be
considered climate changes and recent droughts (Dashti et al., 2017: 6). This issue has caused a decrease in
river water flow and the water level of the Caspian Sea, and as a result, a decrease in the water resources of
the Miankala wetland, therefore, in order to maintain the existing conditions and improve them, it is necessary
to examine the trend of changes in the time series of hydroclimatic data. Two categories of parametric and
non-parametric tests are used to investigate the trend of hydroclimatic variables (Ruzbeh et al., 2015: 756).
Non-parametric methods are more valuable than parametric methods; this requires more consideration of data
frequency distribution. Among the non-parametric tests, the Mann-Kendall test and the Sen slope estimator
are among the most common methods of time series trend analysis (Pudine et al., 2016: 115). Abbasi and
Rostami (1400) in llam station and Golgol station 30 years, investigated the trend of precipitation parameters,
maximum, minimum, and average temperature, and discharge using the Mann-Kendall and age test, and the
results showed that the discharge trend in most months is decreasing. Rainfall increases in some months and
decreases in other months. Most months' average and maximum temperatures are upward, but the average
minimum temperature trend is often downward. Omidvar and Mohammadi Ravari (1401) investigated
changes in temperature and precipitation in Baft City, and the results show a significant trend in temperature
and no significant trend in precipitation. Jain et al. (2023) investigated precipitation and temperature trends
in monthly, seasonal, and annual time series using the Mann-Kendall test and Sen slope in Damu, Madhya
Pradesh, India. The results showed that the rainfall has a significant downward trend, and the temperature
also has a decreasing trend. Ugwu et al. (2023) evaluated the trend of monthly rainfall data from 1986 to 2019
in the three states of Gombe, Kaduna, and Sokoto in Sudan using the non-parametric Mann-Kendall test. The
findings show that the rainfall in Gombe (Z-value = -0.5930) and Kaduna (Z-value = -2.520) has a decreasing
trend, but in Sokoto (Z-value = 1.9272), it has an increasing trend. Kaduna showed a uniform decreasing trend
with (P-value = 0.0117). In Sokoto, although there is an increase, it is not uniform as the P-value of 0.0540 is
greater than the significant value of 0.05. Due to the importance of climatic parameters on the survival of
wetlands, the research aims to investigate the trend of time series of hydroclimatic parameters of discharge,
precipitation, temperature, and evaporation in Miankale wetland in Mazandaran province using Mann-
Kendall tests and Sen slope estimator.

Methodology

The Miankaleh Wetland is geographically located southeast of the Caspian Sea, twelve kilometres from
Behshahr city of Mazandaran province. In order to investigate the trend of climatic parameters (in monthly,
seasonal and annual time series of rainfall, average temperature, and evaporation data) with a statistical period
of 21 years (2001-2021) from Dashte-Naz of Sari and HashemAbad stations in Gorgan and for discharge data
from Khalil Mahaleh and Tazeh Abad stations in Mazandaran and Bagoo and Vatana have been used in
Golestan Province with a statistical period of 19 years (2001-2019).

Mann-Kendall test and Sen estimation method

The present study used the Mann-Kendall test to investigate the time series trend. The Sen estimator method
is better than the Mann-Kendall method for checking the series trends with much-repeated data and more
acceptable results.
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Results and Discussion
Precipitation

In general, due to the insufficient number of series with a significant trend compared to the series without a
trend based on the available results, no significant trends have been observed on a seasonal and annual scale
in the two studied stations.
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Fig (1): Trend of precipitation Changes in Dashte-Naz station based on the Sen slop method

Discharge

The results indicate that the discharge series follows a downward trend. The main factor behind the
downward discharge trend is the extensive climatic changes in recent years.

Temperatures

Based on the results obtained about temperature, an increasing trend was observed in the studied time series.
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Fig (2): The trend of temperature changes in the Dashte-Naz station based on the Sen Slop method

Evaporation
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The trend of changes in the time series of evaporation based on the Mann-Kendall test in the stations shows
that evaporation also has a decreasing trend.

Conclusions

In general, it can be explained that many factors influence the climate; hence, its changes result from a few
specific parameters and many factors that lead to climate changes in a region.
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Fig (2): Trend of precipitation changes in Dashte-Naz station based-on Sen slop method
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Table (2): Trend of precipitation changes in Dashte-Naz and HashemAbad stations using Mann-Kendall Test and Sen slope estimator 2001-2021

Sen-Slope P-Value MK-Stat
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Fig (3): Trend of discharge changes in Tazeh Abad station based-on Sen slop method
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Fig (4): Trend of discharge changes in Khalil Mahalleh station based-on Sen slop method
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Table (3): Trend of discharge changes in Tazehabad and Khalil Mahalleh stations using Mann-Kendall Test and Sen slop estimator in 2001-2019
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Fig (5): Trend of discharge changes in Vatana station based-on Sen slop method

(R}




\Fe Y C)L’..MJLWa)LzJ AL o)}JL‘_;j‘,J}é)}ﬂj:j})J?h

W~T OM} "f’V .O)Loaii 4" .O)Sé

39999909959 30

0.14 4

0.12 4

0.10 +

0.08 4

LAY

0.06 4

0.04 4

0.02 4

0.00

Test Z 2.03
Signific *

® Data

Sen's estimate

1375

1380 1385 1390 1395 1400 1405
Il

O ol (09 41 g€ ol 50 (90 Ol et g :(F) S
Fig (6): Trend of discharge changes in Baghoo station based-on Sen slop method

WWACIFAA o o 55 cpndis g JIOSS— (y0 39031 31 eoliiuw! b L g g 9L gboolKimm! 30 (38 &l puads Wigy :(F) Jgior

Table (4): Trend of discharge changes in Baghoo and Vatana Stations Using Mann-Kendall Test and Gradient estimator from 2001-2019
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Fig (7): Trend of temperature changes in Dashte-Naz station based-on Sen slop method

"y

Test Z 2.60
Signific **

Test £ -2.39
Signific *

® Daa

Sen’sestimate

Test 7 2.05
Sigmfic *



‘?’Y QM} A"V .O)Lnag) c" .0)93

S39998)909959 30

\Fe Y OL‘;.MjLWa)uL\' 5)}}&65}5}5)}#}:3})-‘\:#

2500 1 Test 7 2.20 2000 Testz 281
Signific * Signific **
- - - - 2750 -
0.00 - I b oo
.2y Tewa - - =
- - _-
am.00 - /”/-
EY - -
B - Dats - / - - Dae
ro-00 ——sen's entimate - - ——sonsestimate
w0 anee e
2380 -
-
0.00 2300
1375 1380 1385 1390 1305 1a00 1205 1375 1380 1385 1300 1305 1a00 1405
a e
-
2500 - - -
- - - -
. e eve 5 Toe__av,_
000 - 2000 L
2 2900 - - . - % 1500
- - - - .. ———sen's estimate. — s
2800 - 1000 i o
- -
27.00 4 — 500
-
2600 000
. o
L'est Z 2.08 Test Z -1.96
25.00
Signific * 20.00 Sipnific *
- 1800 -
- - - g, %
20.00 Y e wen t_se e e teg e - —— e .
-
- a
-
15.00
x
.\ ® Oain . oua
——sews coumare Semaoanmare
...... o0
2 w0 T w0 T o a0 7 23800 an o0 13 P Ao
i o

oo o 59y g OLT e o] 53 &yl Az 53 Ol ki Kigy 1(A) JS
Fig (8): Trend of temperature changes in HashemAbad station using Sen slop method
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Table (5): Trend of temperature changes in Dashte-Naz and HashemabAd Stations using Mann-Kendall test and Sen slop estimator from 2001-2021

Sen-Slope P-Value MK-Stat
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Fig (9): Trend of evaporation changes Dashte-Naz station using Sen slop method
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Fig (10): Trend of evaporation changes in HashemAbad station using Sen slop method
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Table (6): Trend of evaporation changes in Dashtenaz and HashemAbad stations using Mann-Kendall test and Sen slop estimation from 2001-

2021
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