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Abstract 
The study was conducted to quantify the change of selected climatic variables (rainfall, 
relative humidity, maximum and minimum temperature) over 50 years at Rajshahi and 
Sylhet districts in Bangladesh. Annual, seasonal, and monthly climatic data comparisons 
have been executed between 1968-1992 and 1993-2017 through trend analysis. The 
Mann-Kendall statistic and Sen's Slope model were used to reveal the trends and estimate 
the magnitude of change respectively. Prediction of the climatic variable of 10 years 
(2018-2027) was made based on the ARAR algorithm using MaxStat Pro software. 
Rainfall data were used to analyze drought by using climatic indices (De Mortone Aridity 
Index, IdM; Seleaninov Hydrothermic Index, IhS; Donciu Climate Index, IcD). Average 
rainfall was decreasing dramatically in monsoon season at Rajshahi and in both pre-
monsoon and monsoon seasons at Sylhet. The negative change of average rainfall in the 
monsoon at Rajshahi from 1968-1992 to 1993-2017 was found 29.17 mm. The maximum 
temperature was increasing in all seasons in both Rajshahi and Sylhet. Annual Mann-
kendall trend test and Sen’s slope revealed that relative humidity was decreasing and 
maximum temperature was increasing significantly at Sylhet for the period 1993-2017. 
At Rajshahi, during 1968-1992, relative humidity was increasing by 0.247 % per year, 
and minimum temperature was decreasing 0.049℃ per year. Rainfall was decreasing 
insignificantly in both time scales. ARAR algorithm predicted that average maximum 
temperature might become comparatively higher than the previous 50 years. 1992 and 
2010 were identified as drought years from all climatic indices, and 1969, 1981, and 1997 
as excessive wet years at Rajshahi. No drought events were identified during 1968-2017 
at Sylhet and the year 2017 to be an excessively wet year. IhS predicted 2020, 2025, and 
2027 as drought years and 2024 as an excessive wet year at Sylhet. 
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Introduction 

The Inter-Governmental Panel on Climate Change (IPCC) characterizes environmental 
change as an adjustment in the condition of the atmosphere  that can be recognized (e.g., 
using statistical tests) by changes in the mean  and  additionally  the  changeability of its 
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properties and that continues for an expanded period, ordinarily decades or more 
(Solomon et al. 2007). Changes in atmospheric condition and climate have critical effects 
on the society (Karl et al. 2008). Variability of temperature, rainfall, and relative 
humidity are significant influencing factors for studying climate variability and extremes 
(Fahad et al. 2015). Bangladesh, a South-Asian country, is one of the most climate 
vulnerable states in the world (Rajib et al. 2012). According to Bangladesh 
Meteorological Department (BMD) data, the average maximum temperature has an 
increasing trend at a rate of 0.29ºC per century but the rainfall is decreasing at a rate of 
8.8 mm over the north-western region (Bhuyan et al. 2018)  

Knowing the nature and extent of conceivable climate change at Sylhet and Rajshahi is 
crucially essential for individuals, stakeholders, and policymakers to adapt appropriate 
measures. For instance, accurately predicting rainfall trends can play a vital role in a 
country’s potential economic development.  

Time series analysis and forecasting have become a significant tool in numerous 
applications in meteorology and other environmental areas to understand different 
phenomena, like rainfall, humidity, temperature, draught, etc. (Nury et al. 2013).  ARAR 
algorithm is one of the most widely used time series forecasting methods. The ARAR 
algorithm applies memory shortening transformation and fits the autoregressive model to 
the transformed data. It is used to predict future data from existing sequence data. This 
algorithm is the adaptation of the ARARMA algorithm and had functioned better in a 
wide range of real data sets (Miswan et al. 2016).  

Globally many countries are vulnerable to drought due to climate change and other 
natural conditions (Wilhite 2000). The rainfall distribution throughout the region and year 
is non-uniform. This non-uniform rainfall very often causes droughts in every year (Keka 
et al. 2012). According to the NASA’s Tropical Rainfall Measuring Mission (TRMM) 
data, the minimum rainfall zone was Rajshahi in summer monsoon during 2001-2010 
(Bhuiyan et al. 2018). The temperature of this region is comparatively higher than other 
regions in Bangladesh. Thus, the Rajshahi region is vulnerable to drought conditions. On 
the other hand, Sylhet experiences the highest rainfall in Bangladesh and has 
susceptibility to heavy-rainfall and flash floods. Though the drought has attracted less 
scientific attraction than flood or cyclone, several authors found that the impact of 
drought can be more defenseless than flood and cyclone (Shahid and Behrawan 2008). 
For instance, the loss of 1978/79 drought was greater than the loss of flood in 1974 (Paul 
1998). Rice production losses in the drought of 1982 were 50 percent more than the 
losses that occurred due to the flood in the same year (Selvaraju et al. 2006).  
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For ease of calculation, investigators frequently use the De Mortone Aridity Index (IdM) 
for identifying susceptibility to drought conditions (Botzan et al. 1998). We used 
different climatic indices; De Mortone Aridity Index (IdM), Seleaninov Hydrothermic 
Index (IhS) and Donciu Climatic Index (IcD) . 

According to TRMM information, the minimum rainfall zone was Rajshahi in South Asia 
(Bhuiyan et al. 2018). On the other hand, Sylhet meets the highest rainfall in Bangladesh. 

The study of drought trends is extremely critical as it is related to food security and the 
management of scarce water resources, which becomes critical in case of drought events. 
Our present study helps to identify the change of climatic variable (rainfall, temperature 
and relative humidity), understanding drought at Rajshahi and heavy rainfall at Sylhet 
using past rainfall performance. Further, the results may help in planning to take 
necessary actions to manage regional drought and reduce the adverse impacts of drought 
and heavy rainfall across Rajshahi and Sylhet districts of Bangladesh. The present study 
was aimed at assessing monthly, seasonal and annual climatic variables (rainfall, 
temperature and humidity) through trend analysis and prediction of the near future (10 
years) changes in particular climatic variables. 

 

Materials and Methods 

Study area: This study was conducted at Rajshahi and Sylhet Districts. Geographically 
Rajshahi is situated within Barind Tract and lies 23 m (75 ft) above sea level. The city is 
located on the alluvial planes of the Padma River. Rajshahi sits between 24⁰ 37′ north 
latitude and 88⁰ 70′ east longitude. Sylhet district lies on 21 m above sea level in the 
north-eastern part of Bangladesh and sits between 24⁰ 90′ north latitude and 91⁰ 88′ east 
longitude on the River Surma bank. Fig. 1 shows the locations of these two districts. 

Study materials and Data collection: The research was carried out on the basis of 
climatic data analysis. The climatic data were collected from the Bangladesh 
Meteorological Department (BMD). Daily maximum temperature (°C), minimum 
temperature (°C), relative humidity (%), and rainfall (mm) data for the period 1968-2017 
(i.e., 50 years) were used in this study. To maintain the continuity the gaps were filled up 
by the long-term average values of the existing days of the month for each parameter. 
Secondary data and relevant information were collected from national and international 
journals, books, thesis and earlier research papers. 

Data processing and analysis: After gathering the necessary data, all collected data were 
arranged, classified, and analyzed. MS Excel was used for statistical analysis of the data 
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and making graphs. The map for location of the BMD stations was made by Arc GIS 
(version 10.3). The annual average, seasonal average, and monthly average of climatic 
parameters (rainfall, temperature, and relative humidity) of Sylhet and Rajshahi were 
calculated to analyze the variability of climatic parameters and compare at the change 
rate of the climatic variable of these districts. The software named MaxStat Pro (version 
3.60) was used for the prediction utilizing the ARAR algorithm.  
 

 

Fig. 1. Location of BMD stations of Rajshahi and Sylhet District. 
 

Mann-kendall analysis: Trend analysis is the prediction of future outcome by using 
historical results. The increasing or decreasing trend of all the independent weather 
parameters (e.g., annual and seasonal temperature, rainfalls etc.) was statistically 
examined in two phases. The first one was the using of non-parametric Mann-Kendall 
test and the second one was the nonparametric Sen’s slope estimator. The increasing or 
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decreasing trend was tested based on normalized test statistics (Z) value. When Z is 
positive, the trend is said to be increasing, and when Z is negative, it is said to be 
decreasing. The trend’s slope gives the annual rate and direction of change (Kendall 
1995). The Mann-Kendall trend test is a non-parametric way of identifying trends in data 
collected over time series. Mann-Kendall Statistic (S) is given by, 

S = ∑∑푠푖푔푛(푋 − 푋 )                                       (1) 

here, i = 2, 3, … , n;  j=1, 2, 3, …, i-1 and  

 

푠푖푔푛 푋 − 푋 =
1, 푖푓 푋 − 푋 > 0
0, 푖푓 푋 − 푋 = 0
−1, 푖푓 푋 − 푋 < 0

         (2) 

For a sample size > 10, a normal approximation to the Mann-Kendall test may be used. 
For this, a variance of S is obtained as, 

V(s) = ( )( ) ∑
      (3) 

Here, p= 1, 2, …., q 

Where 푡  is the number of ties for the p th value and q is the number of tied values. Then 
standardized statistical test is computed by: 

푠푖푔푛 푋 − 푋 =

⎩
⎪
⎨

⎪
⎧ ( )

, 푖푓 푆 > 0

0   , 푖푓 푆 = 0

( )
 푖푓 푆 < 0

                   (4) 

The magnitude of the trend was estimated by Sen’s slope method (Sen 1968), which was 
proceeded by calculating the slope as a change in measurement per change in time, 

푄′ =                                                        (5) 

Where, Q’ is the slope between data points 푋  and  푋  , 푋  is the data measurement at 
time t’ and 푋  is the data measurement at time t. Sens slope estimator is simply given by 
the median slope, 

퐵 =
푄  ,                         푁 푖푠 표푑푑 

푄′ + 푄′ ,    푁 푖푠 푒푣푒푛
            (6) 
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Where, N is the number of calculated slopes. A positive value of B indicates an 
increasing trend, and a negative value indicates a decreasing trend in the time series. In 
this study, to represent the confidence level ***, **, * and + signs have been used to 
represent 100%, 99%, 95%, and 90% levels of confidence, respectively. 

The Auto-regressive auto-regressive (ARAR) prediction method: The ARAR algorithm 
approach to modeling time series {푆 } is described as one of the following three memory 
types: long memory, short memory, and no memory. A long-memory series is non-
stationary due to trends or cycles. A short-memory series is a stationary and a no-memory 
series is a white noise. The memory-shortened series can be described as follows: 
 

푆 = ʋ  + ʋ  +⋯+ ʋ   ……            (7) 
 

Where, S is denoted as the sample means of  푆 , … , 푆  is the memory-shortened series, t 
is 1,…,T andʋ , ʋ , … ʋ  is the coefficients of memory-shortening filter (Shitan and Ng., 
2015). If the alternative long-memory or moderately long-memory is chosen, then the 
transformed series {푆 } is again checked. If it is found to be long-memory or moderately 
long-memory, then a further transformation is performed. The process continues until the 
transformed series is classified as a short memory. The Autoregressive model is fitted 
using the model as below, 
 

푋 = 휆 푋 + 휆 푋 + 휆 푋 + ⋯+ 푍     (8) 
 

Where, {푍 }~ WN (0,휎 ), 푙 , 푙 , 푙 is lag values, 휆 is coefficient and 휎  is white noise 
variance (Brockwell and Davis, 2016).  

Yearly drought analysis by the climatic indices: To analyze drought, the meteorological 
drought analysis method was adopted. Yearly drought analysis was performed by four 
climatic indices. The climatic indices used are De Mortone Aridity Index, IdM; 
Seleaninov Hydrothermic Index, IhS; and Donciu Climate Index, IcD. With the help of 
annual rainfall assurance (A %), yearly drought analysis was performed by the climatic 
indices. The correlation established between the assured rainfall (A %) for years and 
climatic indices provide the polynomial expression, statistically very significant. It has 
quantified a very significant correlation between annual rainfall assurance (A %) and 
climatic indices using a logarithmic expression, which is shown in Table 1 (Keka et al. 
2012). 
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Table 1 Climatic indices.  
 

Climatic Index Symbol Mathematical Function 
Mortone Aridity Index IdM IdM = – 7.3566 lnA + 58.037 
Seleaninov Hydrotheremic Index IhS IhS = – 0.4006 lnA + 3.1001 
Donciu Climate Index IcD IcD = – 24.269 lnA + 191.17 

 

The data registered in the meteorological stations were used for the calculation of the 
climatic indices. The annual rainfall assurance (A %) was calculated in the following 
way: (i) the average rainfall of all years was determined (ii) percentage of rainfall for 
every year of average rainfall was determined (iii) deducting percentage value from 150 
the annual rainfall assurance (A %) was found. By putting the value of A in each climatic 
index equation, each climatic index's value was determined. By comparing the value of 
climatic indices with Table 2, the yearly drought analysis was performed (Keka et al. 
2012). 
 
Table 2. Value of interpretation limits for climatic indices. 
 

Characterization 
Climate Index 

IdM IhS IcD 
Excessive rainy > 40 > 2 > 110 
Very rainy 33-40 1.6-2 100-110 
Rainy 29-33 1.4-1.6 95-110 
Medium 25-29 1.3-1.4 80-95 
Droughty 24-25 1.1-1.3 70-80 
Very droughty 23-24 1.0-1.1 65-70 
Excessive droughty < 23 < 1.0 < 65 

 

Results and Discussion 

The annual average maximum temperature was increasing with 0.005°C and 0.030°C per 
year in the trend of 1968-1992 and 1993-2017, respectively at Rajshahi. The trend of 
1968-1992 and 1993-2017 had an increment rate with 0.024°C and 0.048°C per year 
respectively at Sylhet. According to Basak et al. 2013, the yearly average maximum 
temperature increased at the rate of 0.007°C in the north-western region and 0.022°C at 
eastern region of Bangladesh during the period of 1976-2008, which supports our 
findings. 2024 may be going to experience the highest average maximum temperature, 
32.4℃, at Rajshahi over the last 60 years. Therefore, our findings suggest that the climate 
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has become warmer both at Sylhet and Rajshahi in recent years, and warming will 
continue in the future too. 

Rainfall trend in monsoon decreased at Rajshahi but increased in pre-monsoon. A 
decrease in monsoon rainfall may be a threat to agricultural production at Rajshahi. The 
annual rainfall of Rajshahi station had a significant negative trend in the study of Bari     
et al. 2016, which is analogous to the findings of this study. Overall trends of rainfall 
increased slightly, but a considerable decrease of monsoon and post-monsoon annual 
average rainfall was observed at Sylhet; Choudhury et al. 2013 reported decreasing 
monsoon rainfall for Sylhet region in recent time periods, which is not contradictory to 
this study.  Heavy rainfall will occur in 2024 at Sylhet; this result encourages farmers to 
grow flood tolerant crops in 2024. 

In recent years, relative humidity had increased more at Rajshahi than at Sylhet. So, the 
climate has changed in terms of relative humidity. Ferdous and Baten (2012) reported 
that the annual average relative humidity for the period 1961-2010 was found to increase 
over Rajshahi which supports this study's findings. 

Instead of being in a drought prone zone, medium to the rainy condition of future drought 
analysis indicates no drought in the near future at Rajshahi. It is a relief for farmers of 
Rajshahi. 

At Sylhet, the year 2020, 2025, and 2027 will be considered medium years in most 
climatic indices, but IhS identified those years as droughty. That means there is less 
indication for the probability of flood and higher dry conditions; therefore, farmers 
should be encouraged to plant drought-tolerant crops for those years.  
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