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ABSTRACT 

Tanzania, like other countries in the world, is affected by climate change. There is 

enough evidence to substantiate this that comes from the increase of temperatures 

across the country over the past thirty years. Despite the mitigations approved to 

attack the problem of climate change in the country, forecasting of climate variables 

is a prerequisite. Studies about climate change that have been conducted in Tanzania 

have mainly focused on assessing the weakness and adaption to the effects of climate 

change in Tanzania while using either temperature or rainfall variables. Further, the 

studies have depended on the information at the national level rather than the 

regional level. To fill this gap, this study forecast the climate variables in Mbeya 

Region. Specifically, the study analyzed the pattern of climate in Mbeya region with 

the help of the fit climate model using time series techniques and the fitted model. 

The climate variables included in the study are temperature, rainfall, evaporation, 

humidity, and wind speed. The study used secondary data from 1981-2019 collected 

from Tanzania Meteorological Authority (TMA), Mbeya center. The analysis of the 

data revealed that the patterns of climate variables are seasonal for monthly data 

while observing the yearly data trend. Either, there was no data to show irregularities 

and cyclic components. Basing on the theory of Box and Jenkins, SARIMA were 

fitted and used to forecast rainfall and temperature respectively. The study 

recommends Box and Jenkins to be used to get the ARIMA model, either seasonally 

or non-seasonally. 
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CHAPTER ONE 

INTRODUCTION 

1.0 Background to the Problem 

The world has experienced an increasing change in the climate following the socio-

economic drives. The term climate change is used here to mean change in weather 

with time, which may be brought up by natural circumstances or due to human 

actions (UNFCCC, 2015). Climate change becomes a central concern because it has 

serious impacts on sustainable livelihoods and financial progress, particularly for 

least developed countries like Tanzania (Conway et al., 2009). Amongst the alarming 

impacts of climate change are drought and water scarcity which are the outcome of 

the rise in temperature and a greater likelihood of extreme weather events, which 

follow-on from climate change. There is an imbalance of the effects of climate 

change in the globe and developing countries are more likely to suffer compared to 

developed countries. As well, developed countries are affected by the high 

temperature which affects the economy and reduces personal income (Burke et al., 

2015; Colacito et al., 2016).  

The effects of climate change in Africa are so troublesome that studies have 

considered the continent as defenseless in the world because they have a great 

revelation and have a less adaptive capacity. Africa is being hit hard by climate 

change in the world compared to other continents (Niang et al., 2014). Climate 

change is affecting most African countries due to their institutional capacity to adapt, 

poor economic and dependence on agriculture and technical mean (Huq et al., 2004; 

Nordhaus, 2010; Collier et al., 2008 and Singh et al., 2013).  

As climate change is a challenging phenomenon, more actions are required to tackle 

the effects. Underlying this call is the target set forth through Sustainable 

Development Goals (SDGs) No. 13. The goal communicates the world’s intent to 

reduce greenhouse gas emissions to overcome the increase in climate change through 

the provision of a fund to different countries and mostly to the least developed 

countries (Elder, 2018). 

Tanzania like other countries is facing the same problem and evidence on this comes 

from climate trends. Temperatures across the country have steadily been increasing 
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over the past thirty years, with the average temperature rising by 1°C between 1960 

and 2006 (Sweeney et al., 2010).  

Impacts on climate differ from one region to another in Tanzania. Some of them 

experience normal temperature and rainfall. Other countries are getting extreme 

temperatures and severe droughts leading to food insecurity, loss of lives, and 

infectious diseases (Ojija et al., 2017). Mbeya is one the region which is nowadays 

experiencing different weather situation like extremely warmer and drought 

compared to so some few years ago as a result of climate change (Mwakalila, 2018). 

However, there are some efforts underway to strengthen the institutional capacity 

and coordination between governmental institutions, private sectors, civil society, 

and other non-governmental organizations such as CARE International, Danish 

International Development Agency (DANIDA) to fund attempts to address climate 

changes. However, some difficulties are still is observed (Jansen et al., 2009; URT, 

2009). The initiatives taken in Tanzania are instigated in line with other initiatives, 

like the National Environmental Policy 1997, Environmental Management Act 2004 

(EMA), the Tanzania Vision 2025; Tanzania Five Years Plan (2011-2015), the 

Sustainable Development Goal (SDGs); Tanzania's National Strategy for Growth and 

Reduction of Poverty (NSGRP). Climate change effects are taken as key 

intimidations towards reaching the SDGs and Tanzania’s Vision 2025 (Sei, 2016).  

Despite the mitigations approved to attack the problem of climate change, 

forecasting of climate variables is needed. An organized investigation of the future 

from recognized evidence helps to assimilate all managing scheduling. Therefore, the 

integrated overall tactics can be established into which the plans can be engaged in 

forecasting (Lonis, 2010).  

Forecasting is the procedure of creating an analysis of the upcoming time and 

planning is impossible if there is no good analysis of the future. In this nature, 

climate change variables like pressure, wind speed, and direction, temperature, 

precipitation, and humidity can be predicted and even the combating of climate 

change can be easily done after knowing the future. Thus, forecasting is important 

because it predicts many areas for example in government, finance, medicine, 
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environmental sciences, business, industry, economic, social science, and politics 

(Montgomery, 2008). 

1.1 Statement of the Research Problem 

Irrespective of the different ways of mitigating and adapting to climate change and 

different policies by the government, the climate change is still prevailing (Yanda et 

al., 2013). A bunch of research has drawn some evidence about climate change and, 

thus, recommended systematic planning for the future. For example, Thorpe et al. 

(2015) argued that we need to have a plan for the future but, first, climate change 

needs to be projected to avoid alterations of plans. These predictions should base on 

numerical global climate models, which are the critical output of climate change 

(Thorpe et al., 2015). 

For instance, the temperature in Africa is projected to rise while there is a decreasing 

trend in precipitation in the US by 2050 (Mitchell et al., 2015). Since the climate is 

the statistic of an Atmosphere which is continuously and strongly interacting with the 

surface characterized by its temperature, reflectivity, and surface moisture, then the 

climate changing is inevitable. This makes it necessary to forecast climate variables 

(Glantz, 2016). Thorpe (2005) argues that climate change predictions based on 

numerical models are critical. Reliable and stable models, especially in lower levels, 

e.g. regional, district, etc. are of high need.  

Studies related to climate change conducted in Tanzania include that of Mwandosya 

et al. (1998) who focused on the weakness and adaption to climate change effects in 

Tanzania. The study adopted the General Circulation Models (GCMs) method which 

does not reproduce the past and present data effectively. Moreover, its prediction is 

of a long period, such that some seasonal variables are left unpredictable (Hubert et 

al., 2009). Another study Shemsanga et al. (2010) conducted a study to analyze 

climate change in Tanzania. These studies used either temperature or rainfall 

variables. Moreover, they covered plenty of information at the national level rather 

than regional level. The information at regional level is also required for planning. 

For instance, there is evidence of temperature increase in regions, like Mbeya, 

Kilimanjaro, Zanzibar, Dar es Salaam and Mtwara (Chang’a et al., 2017). This 



 

 

4 

affects crop production in regions, like Mbeya, Iringa and Kilimanjaro following 

uneven seasonal distribution of rainfall (Kangalawe et al., 2017).  

Thus, it was important to conduct a study at the lower level and forecast the future. 

This study worked on climate variables, such as temperature, rainfall, wind speed, 

evaporation and humidity and forecast the future.  

1.2 Objectives 

1.2.1 General Objectives 

The general objective of the study was to forecast the climate variables in Mbeya 

Region. 

1.2.2 Specific Objectives 

Specifically, the study intended: 

i. To analyze the pattern of climate in Mbeya region 

ii. To fit the climate model using time series techniques  

iii. To forecast the climate using the fitted model. 

1.3 Research Questions 

i. What is the pattern of the climate in Mbeya Region?  

ii. What is the best model which can be used to forecast the climate?  

iii. What is the expected climate for the next twenty-four months using the fitted 

model?  

1.4 Significance of the Study 

This study is important to society, academicians, and policymakers since it has 

generated information on future climate change in Mbeya Region. Policymakers may 

use the study findings to plan and improve approaches to fight the impacts of climate 

change. It will provide the future pattern of climate change at a lower level and hence 

let the comparison between the relation of climate change at a lower level and that at 

the national level. Moreover, the information may be used to assess the existing 

climate interventions. All these evaluations and strategies are very important in 

attaining SDGs No. 13. For academicians, the study permits a comparison of the 

model to be fitted in determining the stable and reliable forecasting model. A society 
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such as livestock keepers, farmers as well as industries can use the findings of the 

study for planning issues in agriculture, mining, fishing, transport infrastructure like 

roads, railways as well as ports to mention a few. 
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CHAPTER TWO 

LITERATURE REVIEW 

2.1 Introduction 

This chapter provides an empirical literature on this study. Different literatures 

concerning forecasting of the climate variables are reviewed to easily observe the 

research gap. The chapter also makes reviews of the methodologies used for their 

studies conducted. 

2.2 Definition of Terms 

2.2.1 Forecasting 

Forecasting is a statement about the future which approximates the future event 

variables, by using past data which are analytically collected in prearranged means to 

get the estimate (Harmmer et al. 2002). In this study, the past monthly data on the 

different climate variable is used to forecast future climate variable. There are two 

methods which are used in forecasting, quantitative and qualitative. Quantitative 

forecasting is much based in time series data in which a time is ordered and also 

mathematical models are used.  

Qualitative forecasting is the analysis of predicting the future based on the past 

observation but based on the opinions and judgements instead of quantitative 

analysis. The examples of qualitative forecasting are sales force composite, which is 

the forecasting of production basing on each individual firm (branch or area); jury of 

executive and consumer market survey in which the customers are asked on what is 

required. This study relies on the quantitative forecasting because the data used is 

with respect to time. 

2.2.2 Climate Variables 

Climate variable is a physical, chemical or biological adjustable or a collection of 

linked items that judgmentally donates to the characterization of earth's climate. 

The changes of the climate system are due to the characteristics of the variable 

(Sihvola et al., 2010). The climate variables included in this study are precipitation 

variable. This study included temperature, rainfall, wind speed, evaporation and 

humidity. 
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2.2.3 Time Series Analysis 

Time series analysis is the statistical method, which is used to analyze the data, 

which are taken at an equal interval of time. It uses past observation to predict the 

future (Raicharoen et al., 2013). These time series data occur in many areas like 

economics, environmental, medicine and in finance. Mathematically, it is defined as 

the set of vectors  in which t represents time. 

2.3 Theoretical Literature Review 

Forecasting method of the data depends on the type of data. There are different 

methods in forecasting these including qualitative and quantitative forecasting. 

Qualitative forecasting is the forecast, which is based on the judgment and opinions. 

The approaches like consumer surveys, Delphi technique, Executive opinions and 

Delphi technique follow under this method of forecasting and as explained above 

under the section 2.2.1. 

Quantitative forecasting which the base of this study is the method for making 

prediction basing on the numerical measures of the previous data. This method is 

divided in two groups, time series models and associative models. Time series 

approach is the way of predicting the future using the previous data, which are 

spaced on an equal interval of time, and the associative models (casual models) 

which are based on the relationship between each variable and then its projections is 

based upon that relationship. A good example of this is linear regression and the 

multiple regression. 

The study adopted time series method, in which different forecasting techniques in 

Time series are used. These are like  Autoregression (AR), Moving Average (MA), 

Autoregressive Moving Average (ARMA), Autoregressive Integrated Moving 

Average (ARIMA), Seasonal Autoregressive Integrated Moving-Average 

(SARIMA), Seasonal Autoregressive Integrated Moving-Average with Exogenous 

Regressors (SARIMAX), Vector Autoregression (VAR), Vector Autoregression 

Moving-Average (VARMA), Vector Autoregression Moving-Average with 

Exogenous Regressors (VARMAX), Simple Exponential Smoothing (SES), Holt 

Winter’s Exponential Smoothing (HWES) are known (Brownlee, 2018). Some of the 

common methods used are explained below. 
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2.3.1 Autoregressive AR (p)  

The Autoregression is a simple idea on forecasting that uses the past time series data 

to predict the next value of the coming time using the regression equation. It also 

uses lag variable as the input variable which shows correlation between values. 

(1) 

2.3.2 Moving Average MA (q) 

Moving Average is another forecasting method which also uses previous observation 

for forecasting, but this uses the past forecast errors in the regression equation ready 

for prediction. 

 

where q is the order of the model written as . 

2.3.3 Autoregressive Moving Average ARMA  

ARMA (p,q) is the model which combines the autoregressive model AR(p) and the 

moving average MA(q). This model is said to be the basic for analyzing the 

stationary time series. ACF and PACF are used for determining the order of p and q. 

 

whereby  is the white noise and ,  and  must be , also p and q are the 

autoregressive and moving average orders respectively. 

2.3.4 Autoregressive Integrated Moving Average ARIMA (p, d, q)  

ARIMA is used to model a non-seasonal data without white noise. If time series is 

not stationary, then it should be made stationary by differencing it from the 

commonly way used for making the series stationary. The differencing can be done 

more than one time depending on the complexity of the series. In ARIMA (p, d, q) p, 

d and q represent orders of auto-regression, integration (differencing) and moving 

average respectively, the following equation represents the ARIMA model. 
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where  and B is a backward shift 

operator such that  

2.3.4.1 Differencing 

This is the change between an observation and an equivalent observation from the 

previous time. It is for the data which are non-stationary and can be expressed as: - 

 

Where  denotes the previous series 

But also, the differencing  can be expressed as  in which  is the 

backward shift operator (Brockwell et al., 2002). 

A backward shift operator can be used before either a value of the series or an 

error term to mean to move that element back one time as shown below 

 

Also, the power of an operator   means the shift is to be repeated as expressed 

below 

 

2.3.5 Seasonal Autoregressive Integrated Moving Average SARIMA 

 

SARIMA model is an advancement of the ARIMA model in which seasonal bases 

are taken into considerations. This seasonal effect can lead to strong correlation 

between two consecutive time data. In SARIMA there are trend elements and 

seasonal elements as SARIMA  where, p, d, q are the 

autoregressive order, difference order, and moving average order respectively and (P, 

D, Q) are the seasonal autoregressive order, seasonal difference order and seasonal 

moving average order respectively. m is the number of time steps for a single 

seasonal period. The Seasonal AR and MA terms are written as equation below. 
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Seasonal AR: 8) 

Seasonal MA: (9) 

Together with all those methods used for forecasting, this study used Seasonal 

Autoregressive moving average because the climate variables observed to have 

pattern with repeated turns. 

2.4 Empirical Evidence 

Haleem et al. (2016) conducted a study on the impact of climate change on air 

temperature and humidity in province of Basra south of Iraq for the period of 72 

years. They adopted regression analysis. The findings show that while temperature 

increases over time, and humidity decrease.  

Akinbile et al. (2015) conducted a study on Trend analysis in climatic variables and 

impacts on rice yield in Nigeria. The study focused on discovering the effects of 

changes in meteorological parameters on rice yield using weather parameters: solar 

radiation (SR), temperature (T), relative humidity (RH), rainfall (R), and solar 

radiation (SR). The data collected and used was from 1980 - 2010 and the trend for 

each parameter with respect to rice yield was observed. The Mann–Kendall trend and 

Sen's slope tests were achieved and the result obtained was that T, RH and rice yield 

were negative and reduced significantly (p < 0.001) while R and SR showed 

statistically non-significant growing trends in that time. 

Another study was conducted focusing on the analysis of climate variability, trends, 

and prediction in the most active parts of the Lake Chad basin in Africa. A 

combination of trend analysis methods was used to examine the climate variability 

and trends for the period of 1951–2015 using observed and Climate Research Unit 

(CRU) data. It was observed that 84% of the temperature time series indicated 

extremely strong signals of increasing trends (α = 0.001) and 25–38% of the 

precipitation time series indicated strong decreasing trends (α = 0.05) to mean that 

temperature was expected to increase and precipitation was expected to decrease in 

the future (Mahmood et al., 2019). 
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Choudhury et al. (2012) conducted a study on Trend Analysis of Long-Term 

Weather Variables in Mid Altitude Meghalaya, North-East India in which the data 

used was from 1983 – 2010 to detect trend changes. Non-parametric Mann Kendall 

test was used to test trend in a series of data in mid altitude of Meghalaya as a result 

maximum temperature reflected a linear, significant rising trend (+ 0.0860   per 

year) while minimum temperature enumerated a non-significant decreasing trend (-

0.0110  ). Also, the climatic water balance studies (rainfall and PET) reproduced 

an increasing trend of water surplus during May to July (Z: +0.08 to 1.56). However, 

a reverse trend (declining, Z: -0.56 to -0.87) was observed during post monsoon 

months (December to February). 

Hamis (2012) conducted a study on rainfall in which he used the monthly rainfall 

data from 1982 to 2012. The data were obtained from the Tanzania Meteorological 

Agency in Dar es Salaam. These data, from different zones of the country, were 

analyzed for trends by graphical and statistical Methods and time series analysis, 

single mass curve analysis, coefficient of variation and spatial analysis using surfer 

program. The findings then demonstrated that there are both spatial and temporal 

variability of rainfall over Tanzania. 

Chen et al. (2018) conducted the study on Forecasting of Temperatures using 

SARIMA in which the data from 1951 to 2017. The results show that the proposed 

research approach obtains good forecasting accuracy. As the results the model was 

able to predict the next 36 months’ mean temperature at Nanjing station, based on the 

35 years of past data since the MSE of the forecast values was 0.89, which is 

relatively low and hence forecasts results are accepted. 

Hossain et al. (2018) had a study on Modeling and forecasting of climatic parameters 

univariate SARIMA versus multivariate vector Autoregression approach, in which 

forecasting abilities of univariate seasonal autoregressive integrated moving average 

(SARIMA) and multivariate vector Autoregression (VAR) models of the monthly 

maximum and minimum temperatures, humidity, and cloud coverage in Bangladesh 

was compared. Data from the period 1972-2008 and out-of-sample from 2009-2013 

were generated via a univariate SARIMA and a VAR approach in which the forecast 

outcomes were observed using VAR (9) Model from January 2014 to December 
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2021. The analysis revealed that extreme and smallest temperature and humidity was 

seen to be increasing while the cloud coverage was decreasing which is, consistent 

with global warming. 

Kihoro et al. (2014) conducted a study to forecast precipitation Using SARIMA 

Model in Kenya. Univariate time series model was used and the SARIMA model 

was fitted through the use of AIC and BIC values and through the steps by Box-

Jenkins methodologies. SARIMA model was identified to be good model for 

forecasting with ME = -0.0053687, MSE=0.96794, RMSE=0.98384 and MAE= 

0.75197. 

Shengwei et al. (2013) conducted a study on application of seasonal time series 

model in the precipitation forecast and SARIMA was used to analyze the statistical 

data from 1996:1–2009:12. In this, they observed that it is difficult to forecast due to 

random sequential and seasonal features. Therefore, they observed that, in times 

series, the precipitation has a strong autocorrelation of seasonal features and this was 

a reason that they used. At the end, they found the advantages of forecasting that can 

make full use of normal rainfall for consistent areas and save underground water 

resources. 

Tara Ahmed Chawsheen & Mark Broom (2017) conducted a study to analyze the 

monthly records of mean temperature. One of the most significant environmental 

parameters used was the classical stochastic processes. SARIMA Box–Jenkins model 

was used to forecast the mean temperature. Then SARIMA  

model was used to predict that the average temperature in the governorate of Erbil, 

Iraq. 

2.4.1 Variables to be Included in the Model 

Murphy et al. (1999) conducted a study on predictions of climate change over 

Europe using statistical and dynamical downscaling techniques in which the 

temperature and precipitation were the variables used. Two methods were used. 

These are general circulation model (GCM) and statistical method (STAT). The 

findings showed that temperature, differences between the RCM and GCM 

predictions were quite small but larger differences occur between STAT and the 
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dynamical predictions. For precipitation, there was a wide spread between in all three 

methods. The differences between the RCM and GCM were increased by the meso-

scale detail present in the RCM. 

Munishi et al. (2018) conducted a study on Prediction of future climate in 

Ngerengere river catchment, Tanzania in which rainfall and temperature were the 

variables used and its data from 1971 to 2000. The study used the GCM model. The 

analysis of the data obtained revealed that LARS-WG performed well in generating 

future rainfall and temperature data series in such a way that there could be an 

increase in minimum and maximum temperature between 0.2-2.6°C in the 2050s and 

between 2.7-4.4°C in the 2080s.  

Conticello et al. (2016) conducted a study on Projecting changes in Tanzania rainfall 

for the 21
st
 Century in which a non‐homogeneous hidden Markov model (NHMM) 

was developed using a 40 ‐ year record (1950–1990) of daily rainfall.  The findings 

revealed that there was a slight decrease in the number of wet days and seasonal 

rainfall in March–May (MAM) and June, July, August, and September (JJAS) but 

not in October and December (OND); a decrease of annual total rainfall; and an 

intensification of the frequency and intensity of extreme rainfall, as identified by 

90th, 95
th

, and 99
th

 percentiles. 

2.5 Research Gap 

As seen from the reviewed literature, studies were conducted on forecasting of the 

climate variables in different areas of the world and some few of them in Tanzania. 

However, the studies conducted in Tanzania concentrated on impacts, relating 

climate variable with agriculture, diseases problems, energy problem due to climate 

change of the climate variables. Studies on forecasting are done on other issues like 

on prices of commodities, bank issues as well as relating the climate change and 

existence of diseases like malaria and cholera. 

Again, most of the studies conducted on climate change were focused on only one or 

two variables (temperature and precipitation) and usually at national level. This study 

looked on many variables to get real essence of climatic change since many variables 
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in one region have been covered. The national level is the area used by most 

researchers on climate change, but this study has focused at the regional level. 

2.6 Conceptual Framework 

In the framework shown below, it is conceptualized that strategies to handle climate 

changes depend on the facts established by statistical models. At the first stage, the 

climate variables are identified before their characteristics; are checked to determine 

appropriate time series model to be fitted. The climate variables which may be used 

in model building include temperature, rainfall, humidity, wind speed and 

evaporation. Before model building, characteristics of the variables are checked to 

determine whether they have trend, seasonality, cyclic or irregular. This is very 

important for the model to capture the behavior of the climate. During the model 

building, several models are generated and evaluated through auto correlation 

function (ACF) and partial auto correlation function (PACF) which recommends for 

selection of the trend’s elements. Figure 2.1 below summarizes the whole process of 

building climate time series model. 

 

Figure 2.1: Schematic Representation SARIMA  

Source: Researchers’ own construction, 2020 
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CHAPTER THREE 

RESEARCH METHODOLOGY 

3.1 Introduction  

This chapter presents a plan of the study in collection and analysis of data. It covers 

research design, study area, data sources, study variables, target population, sampling 

technique, data collection method, data cleaning process and analysis and selecting 

the best model for forecasting the climate variables.  

3.2 Research Approach 

This study used quantitative approach because all the three objectives depends on the 

climate variables which were numerical variables. The data collected for the study 

included temperature, rainfall, wind speed, evaporation and humidity which were 

quantitative by nature. 

3.3 Research Design 

A research design is the plan of conditions for the collection and analysis of 

information in a way with the purpose to combine relevance to the research purpose 

with budget and procedure (Jahoda, Deutch & Cook, 2010). For the sake of this 

study, longitudinal research design was used because series of data for 39 years from 

1981 – 2019 were collected.  

3.4 Study Area 

The location of the study covered Mbeya Region only. The region was intentionally 

selected because it is among the affected regions by climate change. Despite being 

one of the four major regions for food production, production has decreased in recent 

years because of climate change compared to previous time (Bisanda et al., 2016). 

Other major food production regions include Iringa, Njombe and Rukwa (Suleiman 

et al., 2015). Mbeya has been experiencing drought, which was not common 

previously.  

3.5 Population and Sample 

A population is defined as a group of individuals of the same species living and 

reproducing within a given area. Sample is part of the population that represents the 

characteristics of the population (Kabir et al., 2016). In this study, Mbeya Region 
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was selected out of 36 regions in Tanzania. The region was selected basing on 

reasons outlined in section 3.4.  

3.6 Data Type and Data Collection Methods 

There are two sources of data: primary and secondary data. Primary data is an 

original and directly collected information by the researcher from a source such as 

interviews observations, case studies, surveys and questionnaires. Secondary data is 

easily reachable but are not pure as primary data because they have undergone 

through many statistical treatments. Sources of secondary data are government 

publications, websites, books, journal articles, internal records, etc. (Douglas, 2015).  

This study used secondary data collected from Mbeya (old airport center) as one of 

the stations of Tanzania Meteorological Agency TMA instead of Songwe 

International airport because it was observed that there are few data at the Songwe 

International airport station since it is not as old as the Mbeya Station. These data 

were used to find the pattern of climate variables, to fit the model for forecasting and 

hence to forecast the climate variables.  

3.7 Data Analysis 

Before data analysis, data were organized and checked for quality through 

descriptive analysis such as measure of central tendency and dispersion. the data was 

checked to know whether there were missing values, outliers, and tested for 

normality. Outliers were tested using Box plot, which is suitable for showing outliers 

very clearly, Shapiro-Wilk test was used to test normality. 

Because time series data were collected, all requirements, such as stationarity, 

seasonality and autocorrelation were checked. Seasonality was observed by checking 

the periodic fluctuations on time series plot and the autocorrelation function plot, the 

Dickey-Fuller test was used to test the stationarity of the data in such a way that if 

the p value  then the data are non-stationarity otherwise they are stationary. 

The plan of data analysis for each objective was presented as follows. 

Time series data consists of systematic pattern and random noise, we can observe the 

systematic pattern by time series plot and decomposition of the time series and those 

patterns can be trend or seasonality as well as cyclic. The trend can be either linear or 
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nonlinear but can also be negative meaning decreasing or positive meaning 

increasing depending on the way it is going but trend is not repetitive with time. 

Seasonality is always showing repetition of data at an equal interval of time. Cyclic 

is repetition of the data (rise or fall) but non-periodic fluctuating.  These patterns are 

systematically after presentation of the time series plot of the climate variables data.  

3.7.1 Fitting of the Model 

Seasonal Autoregressive Integrated Moving Average (SARIMA) models were used 

rather than ARIMA model because the climate variables were seasonal and the 

seasonality test have been used to verify this. SARIMA is the advancement of 

ARIMA model such that the seasonal (repeating cycle) is added differently from the 

ARIMA model. The following is the general SARIMA model. 

 

Where 

 and  are Autoregressive (AR) parameters of seasonal and non-seasonal 

components respectively. 

 and  are the Moving Average (MA) parameters of seasonal and non-seasonal 

components respectively. 

 is an independently distributed random variable  

 is the backward shift operator such that; 

 

 seasonal difference of season S, 

D and d are seasonal and non-seasonal difference terms       

The selection of the SARIMA model was based on the steps by Box Jenkins in which 

there are four of them namely model identification, model estimation, Diagnostic 

checking and then forecasting.  



 

 

18 

3.7.1.1 Model Identification  

Stationarity is one of the requirements of the Box Jenkins approach. Stationarity test 

(Augmented Dickey-Fuller) was conducted to decide whether to transform the data 

or not. But the data was observed to be stationary. The correlation between 

successive values say  and  (ACF and PACF) graphically was found to get the 

orders of the series. Akaike Information Criterion (AIC) which is a measure of the 

relative quality of statistical model for a given set of data used for SARIMA model 

selection and identification. The less the AIC the best the model would be. 

 

This can be more simplified as:    

 

where in which k is the number of parameters in the model which yield 

the minimum AIC that specifies the best model. 

3.7.1.2 Parameter Estimation  

Parameter estimation methods, used were the maximum likelihood and mean square 

error MSE. After the guess of the possible models, the estimates coefficients were 

revealed to use Stata 20 software. The quantities, such as MSE, RMSE, MAD, 

MAPE were estimated using R-software and the Ljung-Box statistics (Portmanteau 

test) was also estimated but using Stata 20 software. 

3.7.1.3 Diagnostic Checking  

Diagnostic checking was done by plotting the ACF and PACF of the residuals. The 

model was considered adequate for forecasting since the ACF and PACF was flat. 

This means that most of the lags lied in the 95% confident area otherwise the model 

would have been re-examined by adjusting the values of p and or q until when the 

residual did not contain additional structure. Also, the Box-Pierce (Ljung) test was 

used to test the lack of fit of the model. 
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3.7.2 Forecasting the Climate Variables 

After fitting the model, then it may be used to generate forecasts of future time. The 

mean squared error (MSE) was the standard criterion used in obtaining the best 

forecast for which the expected value of the squared forecast errors was minimized.  

 

Also, measures like mean absolute percentage error (MAPE) were used to judge the 

forecasting ability of the fitted model. Mean Absolute Percentage Error (MAPE) is 

the average absolute percentage change between the smoothed and the true values. 

     

Taking for ARIMA (0,1,1)  its model is: - 

 

This is equivalent to: - 

 

The equation above was the forecasting equation. 

3.8 Reliability and Validity 

3.8.1 Reliability 

When quantities are measured repeatedly with different people/method, under 

dissimilar condition, which measure the concept is called reliability (Drost, 2011). 

The study used the secondary data collected by TMA, which is the institution in 

which the government depends it on this type of data and they are collecting data 

using both the automatic weather station (AWS). AWS is a fully computerized 

software instrument for automatic measuring of the weather and manual weather 

station, like different thermometers for temperature measurements, barometers for 

the atmospheric pressure measurements, hygrometers for humidity measurements. 

Simple hand-held anemometers for wind speed measurements, standard precipitation 
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gauges. Standard precipitation gauge is constructed on different shapes for 

measurement of precipitation which are of good quality. It should be remembered 

that these collected data are also used for airport activities; i.e. they are genuine, 

reputable and acceptable and thus data that was used on this study are said to be 

reliable. 

3.8.2 Validity 

The data is valid when it is measures what it was intended to measure (Bajpai, 2014). 

The validity of this study depended much on the statistical approach, which was used 

to reach to the predicting of the climate variables. Time series approach is one of the 

best forecasting methods following the four steps of the Box Jenkins. The plotting as 

the way the patterns were determined lead to the conclusion of using SARIMA 

model since seasonality was shown. Even if other methods would be used, the same 

answers would have been obtained and hence valid. 

3.9 Research Ethics Consideration 

A good research should be well planned and ethically approved. This may lead a 

researcher not to misconduct. To ensure this, the following considerations were taken 

for the study. All protocols for the administration of both the University and Mbeya 

TMA station (old airport center) were observed. Also, confidentiality was well 

observed in all the processes of data collection and data analysis. 

No negative findings were observed during data collection. However, if there could 

be negative findings, they could also be reported because unreported negative 

findings can lead to misconduct. 
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CHAPTER FOUR 

FINDINGS AND DISCUSSION 

4.1 Introduction  

This chapter presents and discusses the findings of the study. The findings were 

obtained after the preliminary analysis of the climate variables (rainfall, temperature, 

humidity, evaporation and wind speed) including checking of the presence of the 

missing values and estimating them. Also, the analysis was done after checking data 

outliers. After the preliminary analysis is conducted, the analysis for each objective 

was followed and conducted. 

4.2 Preliminary Analysis 

4.2.1 Missing Values 

Monthly data were checked for missing values and found that rainfall had 9 missing, 

temperature had 16 missing, humidity had 23 missing, wind speed had 33 missing 

and evaporation had 18 missing values. Missing data were estimated through linear 

interpolation. Linear method is a common and recommended method in estimating 

data (Noor et al., 2014). The missing values were observed to vary in terms of 

months and years which permitted estimation.  

4.2.2 Outliers 

Box plot was used to show whether the data contain outliers or not. Figure 4.1 shows 

that two variables wind speed and rainfall have outliers. There are no outliers for the 

rest of the variables. For wind speed, the outliers seemed not to alter the results but 

not the case to rainfall variable. Nothing was done to the wind speed variable. For the 

case of rainfall, to handle the issues small values which ranged between 0 and 10 mm 

and high values greater than 400 mm were deleted. Figure 4.2 is a box plot of the 

rainfall, which shows that the variable has no more outliers. 
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Figure 4.1: Box plot of Temperature, Wind speed, Evaporation, Humidity and 

Rainfall 
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Figure 4.2: Box plot of Rainfall when outliers are removed 
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4.3 Pattern of the Climate variables 

In order to find the pattern of the data, time series components, i.e. trend, seasonality, 

cyclic and irregularity were examined.  

4.3.1 Trend Analysis 

Figure 4.3 presents plot of temperature data against year. The findings show that 

there is an upward trend of the temperature from 1981 to 2019, which is linear. 

Despite fluctuations from one year to another year, generally through the line, there 

is increasing trend of temperature over years. The years 1985 and 1989 recorded 

minimum temperature of  and  respectively.  

 

Figure 4.3: Temperature Trend Analysis 

High temperature of  is observed in 2019. This is an increase of  from 

that of 2018 ). The temperature in 2019 was recorded high just as anomalous 

warmer, which was experienced in the country for the year 2019. These anomalous 

were also experienced in Mbeya (TMA, 2019). An equation used to predict 

temperature is presented in equation (18). If other things remain the same, 

temperature increases by 0.0385 per year.  



 

 

24 

(18) 

Trend analysis for rainfall is presented in Figure 4.4. The trend for the rainfall is 

observed to increase over time. Abrupt increase of rainfall in 1982 was a result of 

heavy rainfall although no specific reason recorded on why that heavy rainfall in that 

year. In 1997, the trend shows that there was a heavy rainfall, this was recorded in 

different areas of the country due to El nino (Reynolds et al., 2017). 

 

Figure 4.4: Rainfall Trend analysis 

According to Sourabh et al. (2016), a study on the trend analysis of annual and 

seasonal rainfall in Tawa had the trend, which was determined by non-parametric 

Mann-Kendall test and concluded that there were trend variations. This is contrary to 

this study whose trend is visualized through the trend analysis plot. 

Rainfall trend can be either negative or positive because of the fact that there are dry 

rain season and comprehensive rain season. A study by Maina al. (2019 analyzed 

average annual rainfall in Kenya and concluded that the trend of rainfall was 

declining and it was averaged to 8.8 mm. This is different from the current study in 

which the average annual rainfall is 200.2 mm, which is positively increasing with 
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the trend. Equation 19 represents the line of fit for the rainfall in Mbeya for the data 

from 1981 to 2019. 

 

Ropo et al. (2018) did a study which assessed changes in climate variability and 

simulation of relative humidity. The study observed that there are trend patterns on 

relative humidity and concluded with the prediction of 14 years from 2017 which 

was predicted from the trend analyzed. This is different from this study in which 

forecasting is done by the use of SARIMA and not trend analysis.  

4.3.2 Seasonality 

Figure 4.5 presents time series plot of the five variables rainfall, temperature, wind 

speed, evaporation and humidity. The figure aims to examine presence of seasonality 

among the variables. It shows presence of seasonality because of up and down 

movement of the data at an interval of three months for rainfall and four months for 

temperature, evaporation, wind speed and humidity. 

Rainfall seasonality is of thick peak and in some years, the peaks are like in 1997 and 

1998 which advocates the presence of the heavy rain. Also, the years 2000 to 2005 

seems to be the years with the least rainfall compared to other years because the up 

and down of the peaks are very small compared to other months. 

For the case of temperature, the peaks which are observed to show the seasonality are 

said to have a slight difference and in 1983 and 1984. The temperature showed the 

less peaks compared to other years and the longest peak is of from 2018 to mean that 

the year was the warmest compared to the other years. 

There was a range between 2.5 knots and 14.5 knots as the maximum length of the 

peak for wind speed but, from 2002 to 2012, the seasonality of those years 

experienced less wind speed on an interval of 2.5 knots to 9 knots. This advocates 

that there was low amount of wind speed compared to other years.  

As for humidity, seasonality shows the peaks with equal interval to each other 

although in 1986 and 2002 humidity has shown less peaks compared to the other 
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years. And, for the evaporation, the peaks are high spaced from one month to 

another. In 1987 and 1988, the peaks for the seasonality are very low with the range 

interval of 4 to 7 although the general interval for the whole process was between 2.0 

and 8.5 mm.  

 

Figure 4.5: Time Series Plot of the Temperature, Wind speed, Evaporation 

Humidity and Rainfall 

Figures 4.6: and 4.7: present decomposition of the variables as apart from detecting 

non-randomness of data will also be useful in identifying the appropriate time series 

model but also, the ACF of the variables in figures 4.8 to 4.12. 

The pattern of the climate variables (temperature, wind speed, evaporation, humidity 

and rainfall) was observed through the decomposition of the components of time 

series. Figures 4.4 and 4.5 show that there is up and down shapes (curves) of the 

components of the time series namely trend, seasonal and random. The trend for each 

variable does not support linearity but rather seasonality because of fluctuations. 
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These fluctuations are due to the up and down values for each climate variable and 

each variable is observed to repeat the same point after each year. 

 

Figure 4.6: Decomposition of Rainfall and Temperature 
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Figure 4.7: Decomposition of Humidity and Wind Speed 

The findings of this study are contrary to that conducted by Oyamakin et al. (2014) 

on the analysis of the rainfall in South west of Nigeria. While they found seasonal 

patterns as when temperature was increasing slowly with time and the rainfall was 

decreasing averagely with time, this study found seasonality and no specific trend 

due to fluctuations was observed. 

Srivastava et al. (2011) conducted a study on Modelling diurnal pattern of relative 

humidity from daily air temperature and relative humidity data. The study came with 

a conclusion that relative humidity patterns have been worked out both from the 

assessed dew point and the actual relative humidity recorded. This is contrary to this 

study because first the relative humidity was daily recorded while in this study it is 

monthly recorded and also this study has relative humidity just from the actual 

recorded data not as from the assessed dew points as that study. 
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Also, Sidiq (2018) conducted a study on forecasting rainfall using the time series 

models in which the ARIMA (1,1,1) was used. But in fact, that study observed that 

rainfall was not seasonal and it was the reason that ARIMA (1,1,1) was used which 

was contrary to this study, here seasonality was observed and thus SARIMA 

 was the best adequate model used for forecasting. 

Małgorzata et al. (2017) conducted a study about forecasting the rainfall using Holt 

Winters, the autoregressive integrated moving-average, seasonal auto regressive 

integrated moving-average, including trend and seasonality and through the 

comparison of the forecasting errors (MSE, MAPE, RMSE). They concluded that 

SARIMA  was the best adequate since it had less forecasting 

errors comparing to others and this is different from my study because, forecasting 

errors were not used. They were not used because there was only one model to be 

used for forecasting. 

4.3.3 Cyclic and Irregularities 

The up and down of the data in time series with a specified interval is the seasonal, 

the cyclic refers to the up and down peaks of data without a specified interval. The 

study had seasonality but not cyclic patterns (Gerbing, 2016). 

Irregularities is the random up and down movement of the data. For this study, there 

was such specified movement as in figure 4.6 and figure 4.7. As the evidence of 

figure 4.6, in 1985 and 1997, the irregularities of rainfall were observed to be higher 

than all of the time of the data set. However, in 1999 – 2010, the randomness of 

rainfall was completely constant while from 2011 – 2019 there was a decreasing of 

irregularities with time.  

Also, these irregularity of the temperature in Figure 4.6 was observed to be constant 

only in 1993 and in 2015 where higher irregularities occurred. In 2015, there were 

most irregularities while, as shown in Figure 4.7, the irregularities were constant 

except for the years 1987, 2005, and 2009 in which in 1985 there were highest 

irregularities compared to other years. Also, in the same figure 4.7, the irregularities 

of the humidity were also constant except in 1985, 1993, 1997, 1998, 2003, 2005 and 

2010 where the irregularities were high compared to other years. 



 

 

29 

4.4 Time Series Model Building 

The formation of the model for forecasting passed through three steps: identification 

of the model, estimation of the parameters and diagnostic checking. Each climate 

variable passed through those steps as recommended by Box and Jenkins. However, 

before we need to confirm on the stationarity of the data for each variable by 

conducting the Augmented Dickey-Fuller (ADF) test as presented in Table 4.1. 

These results have been used to test the hypothesis below. 

 

 vs 

 

Table 4. 1: Augmented Dickey-Fuller Test for Unit Root  

 

Test 1% Critical 5% Critical 10% Critical Number of 

 

Statistic 

 

Value 

 

Value 

 

Value Observation 

Wind speed -8.15 

 

-3.452 

 

-2.876 

 

-2.57 355 

Humidity -11.712 

 

-3.451 

 

-2.875 

 

-2.57 367 

Evaporation -11.238 

 

-3.465 

 

-2.881 

 

-2.571 235 

Temperature -10.1 

 

-3.443 

 

-2.871 

 

-2.57 463 

Rainfall -16.825 

 

-3.443 

 

-2.871 

 

-2.57 463 

MacKinnon approximate p-value for Z(t) = 0.0000 

From the test for unit root in Table 4.1, the absolute test statistic (-16.825) is greater 

than all the critical values 1% (-3.443), 5% (-2.871) and 10% (-2.57) which implies 

that the rainfall data is stationary. For the humidity from the same Table 4.1, the 

absolute test statistic (-11.712) is greater than all the critical values 1% (-3.451), 5% 

(-2.875) and 10% (-2.57) which is a sign of stationarity.  

Also, temperature is stationary since the absolute test statistic (-10.1) is greater than 

all the critical values 1% (-3.443), 5% (-2.871) and 10% (-2.57). For wind speed, the 

absolute test statistic (-8.15) is greater than all the critical values 1% (-3.452), 5% (-

2.876) and 10% (-2.57) then the wind speed data is stationary. The absolute test 

statistic for evaporation (-11.238) is greater than all the critical values 1% (-3.465), 

5% (-2.881) and 10% (-2.571) then the evaporation data is stationary. Data from all 
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climate variables are stationary which permits the process of determining a time 

series model. 

4.4.1 Identification of the Model 

Data from all climate variables are stationary which permits the process of 

identifying a time series model. SARIMA  is the suggested 

model, in which p, d, q are the orders of ARIMA and P, D, Q are the seasonal orders. 

Since the data were stationary, then d = D = 0, and the orders p, P, Q and q were 

determined through the ACF and PACF. Visual inspection technique was used to 

identify the order of either AR (p) or MA (q) leading to the suggestion of models. 

From Figure 4.8, it can be observed that the rainfall variable is seasonal due to the 

way the lags fluctuating at a specific interval, and since there is sinusoidal movement 

of lags, this suggests the presence of MA(q). Also, because lag 1 is out of the 

significant interval, the order of q will be 1. Again, the PACF of rainfall as in Figure 

4.8 suggest the presence of an AR(p) in which also since lag 1 is out the significant 

interval, then the order of p will be 1. Initial model for rainfall is observed to be 

SARIMA  and hence the tentative models for rainfall can be:  

Model 1: SARIMA  

Model 2: SARIMA  

Model 3: SARIMA  

Model 4: SARIMA  

Model 5: SARIMA  

Model 6: SARIMA  

According to the study conducted by Pasaribu et al. (2017) on rainfall forecasting 

using Autoregressive Integrated Moving Average Model, ARIMA (2,0,2) was found. 

They concluded that the intensity of rainfall has decreased and there was a seasonal 

shift from the previous period. Sourav et al. (2015) conducted a study on forecasting 

monthly precipitation in Sylhet city SARIMA  models concluded 

that the prediction done would help decision makers to succeed in scheduling of 

urban planning, flood prediction, crop management and rainwater harvesting. 
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Figure 4.8: ACF plot and PACF plot of Rainfall 
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Figure 4.9: ACF plot and PACF plot of Temperature 
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The ACF and PACF plot in Figure 4.9 above shows gradually decrease and it is of 

sinusoidal curve. This suggests that it is MA (1) because it has a large spike at lag 1 

and the PACF plot on figure 4.9 has a sharp drop at lag 1, which is an indication of 

AR (1). Thus, this ACF/PACF plot suggest an appropriate model to be SARIMA 

 for temperature. But to be assured on this model, AR and MA 

can be modified by . 

Model-1: SARIMA   

Model-2: SARIMA  

Model-3: SARIMA  

Model-4: SARIMA   

Other studies on temperatures, like the one by Kishore et al. (2015) conducted in 

India revealed that temperature was seasonal and the SARIMA  

was observed adequate and used to forecast temperature for the three years. 

Mohammad et al. (2019) conducted time series analysis of climate variables using 

seasonal ARIMA approach in Bhagirathi river basin. It was observed that the most 

adequate model for temperature data was SARIMA  . The trend 

observed and used in forecasting is different from this study that there is no specified 

trend. 
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Figure 4.10: ACF plot and PACF plot of Evaporation 

Since the ACF and PACF plot of evaporation in Figure 4.10 is gradually decreasing 

and it is of sinusoidal curve as if the higher points of the peaks are joined. This 

indicates that there is seasonality and it is MA (1) and most of the lags are not within 

the significance limit but lag 12 of an ACF produces the maximum spike compared 

to others. 

 Also, the PACF plot in Figure 4.10 have a sharp drop at lag 1 which is an indication 

of AR (1).  Thus, these plots (ACF and PACF) indicate that an appropriate model 

which can be used is SARIMA . But to be assured on this model, 

AR and MA can be modified by  and form the following models. 

Model-1: SARIMA  

Model-2: SARIMA  

The SARIMA  model provided acceptable and reasonable 

forecasts for the study by Moshrik et al. (2008) on Developing Reference Crop 
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Evapotranspiration Time Series Simulation Model Using Class a Pan in Jordan 

Valley.  
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Figure 4.11: ACF plot and PACF plot of Wind speed 

Figure 4.11 which is ACF and PACF plot of wind speed, advocates that the data are 

seasonal due to the pattern having the same movement in each certain period. And 

for lag 1 to be out of the confidence interval of ACF plot it advocate that this is MA 

(1). The PACF also in figure 4.11 shows that the order of AR can be 1. Hence, the 

following models can be suggested for forecasting. 

Model 1: SARIMA   

Model 2: SARIMA   

Model 3: SARIMA   

Model 4: SARIMA   
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Figure 4.12 ACF plot and PACF plot of Humidity 

The ACF plot of humidity, suggest the MA of order 1 as from Figure 4.12 above 

have been used since the first lag is in the confidence interval. PACF suggests the 

use of AR with order 1. Thus, the models, which are being suggested for these data 

are:  

Model 1: SARIMA  

Model 2: SARIMA   

Other researchers like Oluwatobi et al. (2017) used SARIMA  to 

forecast the relative humidity. They did it in the study of forecasting one-decade 

ahead minimum temperature and relative humidity for water resources management 

in lower Niger and ended with the conclusion that a ten-year forecast resulting from 

the model would be for effective preparation and attainment of water resources 

schemes in the study area. 
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4.4.2 Estimation of Parameters 

The best model is selected based on the Akaike Information Criteria (AIC) and the 

Bayesian Information Criteria (BIC). The AIC and BIC are computed using the 

STATA software and the model with the smallest AIC and BIC value is considered 

as the best model for forecasting. The tables below show the results for each 

variable.  

Table 4. 2: The AIC, BIC and Log Likelihood for the Suggested Models 

Rainfall Model Observation 

Log 

likelihood df AIC BIC 

1 275 -1560.874 5 3131.749 3149.833 

2 275 -1558.074 6 3128.147 3149.848 

3 275 -1593.93 4 3195.851 3210.318 

4 275 -1574.68 6 3161.364 3183.065 

5 275 -1572.85 7 3159.701 3185.019 

6 275 -1557.15 7 3128.295 3153.612 

Temperature 

model           

1 468 -871.8129 5 1753.626 1774.368 

2 468 -900.1307 4 1808.261 1824.855 

3 468 -766.6854 5 1543.371 1564.113 

4 468 -792.9827 5 1595.965 1616.708 

Evaporation 

Model           

1 240 -393.9118 4 795.8236 809.7461 

2 240 -334.8645 7 683.729 708.0935 

Wind speed 

model           

1 360 -822.1436 4 1652.287 1667.832 

2 360 -813.6117 5 1637.223 1656.654 

3 360 -803.79 5 1617.58 1637.011 

4 360 -734.286 6 1480.572 1503.889 

Humidity model           

1 372 -1336.357 4 2680.714 2696.389 

2 372 -1257.694 5 2525.388 2544.983 

 

From Table 4.2: rainfall Model 2: SARIMA  is the one with the 

minimum value of AIC, BIC and log likelihood thus MA (1) and AR (3) have been 
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used. However, we need to check the residual to approve that the model is good for 

forecasting. 

Table 4. 3: Output Parameter Gradient of the SARIMA Model of Rainfall 

Rainfall Coef. Std. Err. Z P>z [95% Conf. Interval] 

_cons 76.06009 4.482693 16.97 0 67.27417 84.84601 

ARMA4 ar           

L1. -0.29323 0.078211 -3.75 0 -0.44652 -0.13993 

L2. -0.24866 0.052873 -4.7 0 -0.35229 -0.14503 

L3. 0.555048 0.045582 12.18 0 0.465708 0.644388 

Ma             

L1. 0.075766 0.090103 0.84 0.4 -0.10083 0.252364 

/sigma 57.29859 1.42185 40.3 0 54.51182 60.08537 

Note: The test of the variance against zero is one sided, and the two-sides confidence 

interval is truncated at zero. 

From the Table 4.3 above, the coefficients L1, L2 and L3 for MA model are 

significant since their probabilities (P>z) are less than 0.05 which suggest that the 

model is good to be used. Thus, the equation for this MA model can be written as: 

 

where  

 

For SARIMA  

 

Which leads to 
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But  

 

Thus, 

 

The absolute value of AIC and BIC from Table 4.2 which are lowest compared to 

others are 1543.371 and 1564.113 respectively from Model 3 and thus the best model 

is SARIMA . The table below shows the complete estimation on 

the model SARIMA  for temperature. 

Table 4. 4: Output Parameter Gradient of the SARIMA model of Temperature 

Temperature Coef. Std. Err. z P>z [95% Conf. Interval] 

_cons 24.23961 0.043359 559.04 0 24.15463 24.32459 

ARMA4 ar 

      L1. -0.93015 0.039669 -23.45 0 -1.0079 -0.8524 

L2. -0.77612 0.029713 -26.12 0 -0.83436 -0.71789 

ma 

      L1. 2.946319 . . . . . 

L2. 0.999858 0.115184 8.68 0 0.774101 1.225615 

/sigma 0.483815 0.018007 26.87 0 0.448521 0.519109 

 

From the Table 4.4 above, all the parameters, L1, L2 for AR and L1 and L2 for an 

MA are all significant since the p value is less than 0.05 Thus, the seasonal 

autoregressive integrated moving average model of the time series for the 

temperature will be the following equation: 

 

where  
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For SARIMA  for temperature 

 

This leads to 

 

But 

 

Thus, 

 

From the Table 4.2 above, model 2: SARIMA  is selected to be 

the best fit among the others on humidity since it has the lowest values of AIC and 

BIC. The table below shows the complete estimation on the model SARIMA 

. 

Table 4. 5: Output Parameter Gradient of the SARIMA model of Humidity 

Humidity Coef. Std. Err. z P>z [95% Conf. Interval] 

_cons 70.50121 0.259425 271.76 0 69.99275 71.00967 

ARMA4 ar 

      L1. -0.79837 0.053639 -14.88 0 -0.9035 -0.69324 

L2. -0.623 0.049334 -12.63 0 -0.71969 -0.5263 

ma             

L1. 0.644182 0.060535 10.64 0 0.525536 0.762829 

/sigma 7.067333 0.267119 26.46 0 6.543789 7.590878 
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From Table 4.5 the parameters L1 and L2 are observed to be statistically significant 

different from zero because their p-value are less than 0.05 of the AR and also L1 of 

MA is said to be significant since their p-value is also less than 0.05. The following 

equation will represent the Autoregressive integrated moving average model of time 

series humidity: 

 

where  

 

For SARIMA  for Humidity 

 

This leads to 

 

But  

Thus, 

 

From the Table 4.2 above, the Akaike's information criterion (AIC) and Bayesian 

information criterion (BIC) were used to select the best model and model 3 is the one 

having less AIC and BIC for wind speed and thus SARIMA  is 

suggested. 
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Table 4. 6: Output Parameter Gradient of the SARIMA model of Wind Speed 

Windspeed Coef. Std. Err. z P>z [95% Conf. Interval] 

_cons 6.820492 0.107625 63.37 0 6.609551 7.031433 

ARMA4 ar 

      L1. -1.01214 0.004348 -232.77 0 -1.02066 -1.00362 

L2. -0.99738 0.002939 -339.36 0 -1.00314 -0.99162 

ma 

      L1. 1.070838 80.8083 0.01 0.989 -157.311 159.4522 

L2. 1.00001 150.9258 0.01 0.995 -294.809 296.8092 

/sigma 1.785694 134.7798 0.01 0.495 0 265.9492 

 

From Table 4.6 the parameters L1 and L2 of an AR are observed to be statistically 

significant different from zero because their p-value are less than 0.05 but the 

parameters L1 and L2 of MA are insignificant from zero and the following equation 

will represent the Autoregressive integrated moving average model of time series 

wind speed: 

 

where  

 

For SARIMA  for wind speed 

 

This leads to 

 

But 
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Thus, 

 

Table 4.2 shows the AIC and the PACF in which Model 2: SARIMA 

 with the ACF 683.73 and PACF 708.09 for evaporation is 

selected as the best model since it has the least values of ACF and PACF. 

Table 4. 7: Output Parameter Gradient of the SARIMA model of Evaporation 

Evaporation Coef. Std. Err. z P>z [95% Conf. Interval] 

_cons 5.13805 0.056435 91.04 0 5.027439 5.248661 

ARMA4 AR 

      L1. -0.1211 0.233941 -0.52 0.605 -0.57961 0.33742 

ma 

      L1. -0.30397 0.237395 -1.28 0.2 -0.76926 0.161311 

L2. -0.07333 0.097674 -0.75 0.453 -0.26477 0.118104 

L3. 0.5822 0.059461 9.79 0 0.465659 0.698742 

L4. -0.26557 0.14037 -1.89 0.059 -0.54069 0.009551 

/sigma 0.965052 0.047303 20.4 0 0.87234 1.057764 

 

From Table 4.7, the parameter L1 for an AR is observed to be statistically 

insignificant different from zero and for MA only L3 is observed to be significant 

while L1, L2 and L4 are not significant. The following equation will represent the 

Autoregressive integrated moving average model of time series evaporation: 

 

where  
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For SARIMA  for evaporation 

 

Which leads to 

 

But  

 

Thus, 

 

The study conducted by Dwivedi (2017) used SARIMA model to forecast mean 

temperature. Box and Jenkins steps as in this study selected SARIMA 

. The model selected is contrary different from the one which has 

been used by this study because here SARIMA  was selected 

but with the same steps of Box and Jenkins. 

Although the same study on forecasting temperature are conducted, but to get the 

same forecasting model is not possible, another study differently from this study by 

Peng et al. (2018) used SARIMA (1, 1, 1) × (1, 0, 1)12 to forecast the temperature 

for two years. What is making different is the environment not being the same so 

even climatic conditions cannot be the same but also the range of the data used (Peng 

et al. 2018). 

4.4.3 Diagnostic Checking 

This is the stage where adequacy of the models selected is checked through the 

residual with respect to the specific variable.  
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4.4.3.1 Time Series Plot of Residuals 

For the best fit of the model, the time series plot of the residual must show the 

existence of stationarity as the way the normal data showed. All variables residuals 

plot observed stationarity since their movements were around the same value (zero), 

as the evidence of the Figure 4.13 shows:  
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Figure 4.13: The time series plot of the residuals of the study variable 
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4.4.3.2 ACF and PACF plot of Residuals  
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Figure 4.14: The AC plots of the residuals for all variables 
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Figure 4.15: The PACF of the residual of all variables 
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ACF and PACF plot as in Figure 4.14 and Figure 4.15 respectively of the residual of 

all the variables, both ACF and PACF plot showed that most of the lags are within 

the 95% confidence limit which shows that the information was well captured 

through the model used and thus the model suggested is good for fit the specific 

variable.  

4.4.3.3 Histogram of the Residuals of Each study Variable 

Residuals of the variable are supposed to be normally distributed, the histogram of 

the residual of the variables of the study showed the normality tendency to advocate 

that model selected was best fit and the residuals were the white noise. This is 

verified through the Figure 4.16 below.  
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Figure 4.16: The histogram of the study variables residuals 

4.4.3.4 Portmanteau Test for Each Variable 

Portmanteau test is the improved Box – Pierce test to test the presence of white noise 

in residuals. Table 4.8: shows that the all variables are the white noise since the  

 Chi (40)  (0.05).  
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Table 4. 8: Portmanteau Test for white Noise of the Study Variables 

Variable Portmanteau (Q) statistic Prob > chi2(4) 

Rainfall 7.22 0.00247 

Temperature 252.8437 0 

Wind speed 389.1733 0 

Humidity 266.3185 0 

Evaporation 53.5537 0 

 

Then the model selected from all variables are adequate because the time series plot 

of residual, histogram of residuals, ACF and PACF plot of residuals and Portmanteau 

test have proved that the models SARIMA , SARIMA 

, SARIMA , SARIMA ,  

and  SARIMA  for rainfall, humidity, temperature, wind speed, 

evaporation respectively can be used for forecasting. 

4.5 Forecasting 

To predict the future values of the climate variable in Mbeya was done for only 

temperature and rainfall because of lack of enough data for other variables.  

4.5.1 Forecasting of Rainfall 

At this point, the rainfall is projected for twenty-four months (24) and discussed 

basing from the data from 1981 to 2019. Table 4.9: below shows the forecasted 

values of rainfall obtained from SARIMA . They have been 

used to present the figures 4.17 and 4.18 to show the time series of the forecasted 

values and the general trend of the forecasted values. 
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Table 4. 9: Actual and Forecasted Values for the Rainfall 

Time 

Actual 

Rainfall(mm) Time 

Forecasted 

Rainfall(mm) Time 

Forecasted 

Rainfall(mm) 

1/1/2019 213.1 1/1/2020 210.5884 1/1/2021 176.269 

2/1/2019 184.3 2/1/2020 197.1705 2/1/2021 168.86 

3/1/2019 163.6 3/1/2020 168.9498 3/1/2021 149.4945 

4/1/2019 110 4/1/2020 101.9569 4/1/2021 104.7944 

5/1/2019 14.8 5/1/2020 78.44028 5/1/2021 95.86771 

6/1/2019 0.7 6/1/2020 1.2 6/1/2021 2.1 

7/1/2019 0.5 7/1/2020 1.1 7/1/2021 1.0 

8/1/2019 0.6 8/1/2020 0.9 8/1/2021 1.3 

9/1/2019 0.7 9/1/2020 1.3 9/1/2021 1.4 

10/1/2019 21.2 10/1/2020 73.66344 10/1/2021 92.86819 

11/1/2019 93.2 11/1/2020 109.983 11/1/2021 113.1947 

12/1/2019 247.1 12/1/2020 188.6762 12/1/2021 157.3719 

 

The rainfall in Table 4.9 is observed to increase in most of the months, except in 

January 2019 where the rainfall was 213.1 mm. In January 2020, the rainfall was 

observed to be 210.6 mm and 176. 3mm in 2021 which show the decreasing of the 

rainfall. The April figure shows the fluctuation whereby there is a decrease in 2020 

but increased in 2021. Still the forecast shows that the months June, July, august and 

September will be having no rain for both 2020 and 2021. 

The Figure 4.17 shows the time plot of the forecasted values for rainfall in two years. 

From January 2020 to December 2021, it shows an increase of rainfall since the 

mean of the rainfall in 2019, 2010 and 2020 was 87.275, 113.8593883 and 

116.1929942 respectively. Due to the actual data, in 2019, being low compared to the 

other years in 2020 and 2021 then we conclude that there is an increase of the rainfall 

in seasonal rainfall months like November to May. 
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Figure 4. 17: The Time Series plot of Forecasted Rainfall 

The study by Mwinuka et al. (2017) on prediction of rainfall in Southern Highlands 

of Tanzania concluded that that the rainfall in Southern Highlands of Tanzania is 

initiated and extremely associated with the Outgoing Longwave Radiation (OLR), El 

Nino Southern Oscillation (ENSO), Indian Ocean Dipole (IOD) and Quasi-biennial 

Oscillation (QBOu30) such that OLR and IOD were observed to be potential 

predictors of both OND and MAM rainfalls. El Nino Southern Oscillation (ENSO) as 

the predictor of MAM although weak. It gives reason to why there was a time with 

great amount of rainfall like in 1998 as shown in Figure 4.4, which was a result of El 

Nino Southern Oscillation (ENSO). 

4.5.2 Forecasting of Temperature 

This part shows the forecasting of the temperature in twenty-four months (24) basing 

on the data from 1981 to 2019. Table 4.10 below shows the actual values of the year 

2019 and the forecasted values for the two years 2020 and 2021. These forecasted 

values have been used to plot the time series plot of the forecasted values in figure 

4.18. 
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Table 4. 10: Actual and Forecasted Values for the Temperature 

Time 
Actual 

Temperature  
Time 

Forecasted 

Temperature 
Time 

Forecasted 

Temperature 

1/1/2019 25.5 1/1/2020 23.81351 1/1/2021 23.75558 

2/1/2019 26.7 2/1/2020 24.44852 2/1/2021 24.12831 

3/1/2019 26.7 3/1/2020 24.46664 3/1/2021 24.12405 

4/1/2019 26.2 4/1/2020 24.60288 4/1/2021 24.39032 

5/1/2019 24 5/1/2020 22.25869 5/1/2021 23.00311 

6/1/2019 22.7 6/1/2020 21.29653 6/1/2021 22.34433 

7/1/2019 22.3 7/1/2020 21.10179 7/1/2021 22.21862 

8/1/2019 24.7 8/1/2020 22.98718 8/1/2021 23.41411 

9/1/2019 28 9/1/2020 26.41288 9/1/2021 25.76542 

10/1/2019 28.5 10/1/2020 26.81499 10/1/2021 26.0889 

11/1/2019 28.7 11/1/2020 26.98206 11/1/2021 26.20913 

12/1/2019 26 12/1/2020 25.12262 12/1/2021 24.89049 

 

Table 4.10 shows the actual temperature in  for the year 2019 and the forecasted 

temperature in  for the year 2020 and 2021. In January 2019, the temperature was 

 while for the same month in 2020 the temperature was 23.81  and 23.76 . 

This shows that there is a decrease in temperature as when compared with the actual 

data of that month. It is not only for January 2019 on actual data but also for all 

months of the year 2019 when compared with the forecasted values, they show the 

tendency of decreasing.  

Although the temperature is decreasing, the hottest months were observed to be in 

October of 2020 and June of 2021 with the temperature of . The coldest 

months in Mbeya is expected to be in July for 2020 and March for 2021 with the 

temperature of  this is as evidenced in Table 4.10. 

Charabi (2013) on his study on projecting the future changes in temperature in 

Oman, concluded that the temperature will be increasing. This is contrary to this 
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study because here temperature is decreasing at an average of 2.0  for each year and 

perhaps due to different areas. 

Gebrechorkos et al. (2019) had a study on long trends in rainfall and temperature in 

which they used high-resolution climate data sets. They came up with the conclusion, 

which is in line with this study that there will be a decreasing trend of temperature in 

Southern Highland part of Tanzania. 
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Figure 4. 18: The Time Series plot of Forecasted Temperature 

Figure 4.18 shows the time series plot of the forecasted temperature in which by 

visual inspection technique, there are up and down peaks to mean that the predicted 

temperature will also not be constant but will show the seasonal tendency. There is 

an increase of temperature forecasted of about  for the year 2019 to 2020. 

These results presented in Table 4.10 are in line with the study conducted by Chang'a 

et al. (2017) on Spatial and Temporal Analysis of Rainfall and Temperature Extreme 

Indices in Tanzania. Chang'a and colleagues concluded that there would be an 

increase of the temperature in the country by   per year. The study insisted 
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that the increase of temperature would be more in the regions around, Mbeya, 

Zanzibar, Kilimanjaro, Mtwara, Dar-es-Salaam, and Mtwara regions, which is in line 

with study on consideration of Mbeya Region. 

Moreover, for the region like Mbeya, this forecasted temperature trend will lead to 

different impacts since Mbeya is the agro-based region, and lead to the uniformly, 

necessary and systematic analysis of the climate change. Hence, we realize that Box 

and Jenkins seasonal ARIMA is one of the best approaches on short period 

forecasting (Erhardt, 2015). 
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CHAPTER FIVE 

CONCLUSION AND RECOMMENDATIONS 

5.1 Introduction 

In this chapter, the summary of the study and the recommendations are presented. 

The summary of the findings, recommendation, and the conclusion are as well 

included.   

5.2 Summary of the Findings 

The main objective of this study was to forecast the climate variables in Mbeya. 

Specifically, the study intended to analyze the pattern of climate variables, fit the 

model that used to forecast the climate, and forecasting the climate variables using 

the fitted model. The following is a summary of the findings.  

The patterns of the climate variables were observed to be seasonal for the data were 

month for all climate variables. Moreover, the yearly data showed the trend of 

increasing with time as among the four components of the time series. Either, there 

was no data showing irregularities and cyclic components. 

Seasonal ARIMA (SARIMA) model was fitted since the data were stationary and 

seasonal. The model fitted for each climate variable was SARIMA 

 for rainfall, SARIMA  for humidity, 

SARIMA  for temperature, SARIMA  for 

wind speed and SARIMA  for evaporation. 

Forecasting for the twenty-four months from January 2020 to December 2021 was 

conducted for temperature and rainfall. Humidity, evaporation and wind speed had 

few data which limited to conduct forecasting. The results showed that there would 

be a general decrease in rainfall with huge rain in January 2020 and 2021. 

Temperature is observed to increase in 2020 and 2021 compared to the year 2019. 

5.3 Conclusion 

ARIMA model was used to forecast temperature and rainfall variables after data 

were found to be stationary and fulfill all time series conditions. The study could not 

forecast evaporation, wind speed and humidity because they missed the current 5 to 
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10 years of the actual data. The evaluation of the model through AIC and BIC, 

SARIMA  for rainfall and SARIMA  for 

temperature revealed the model to be the best. 

5.4 Recommendations 

From the study findings, it is recommended that Box and Jenkins should be used to 

get the ARIMA model either seasonal or non-seasonal. 

5.5 Area for further Research 

This study focused on forecasting of the rainfall and the temperature as climate 

variables using SARIMA. In order to determine the best model, recommendation is 

to forecast climate variables using other methods such as Seasonal Autoregressive 

Integrated Moving-Average with Exogenous Regressors (SARIMAX), Vector 

Autoregression Moving-Average (VARMA), Vector Autoregression Moving-

Average with Exogenous Regressors (VARMAX), Simple Exponential Smoothing 

(SES) and Holt Winter’s Exponential Smoothing (HWES). 
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APPENDICES 

Appendix 1: Stata do file 

*generate time variable 

set obs 468 

gen year=tm(1981m1) +_n-1 

format %tm year 

tsset year, monthly 

*Preliminary analysis 

graph box Temperature Windspeed Evaporation Humidity, name(boxall) 

graph box Rainfall, name(boxRain) 

graph combine boxall boxRain, col(2) row(2) 

graph box Rainfall if Rainfall > 10 & Rainfall < 400 //*When outliers are removed 

summarize Temperature Windspeed Evaporation Humidity 

summarize Rainfall if Rainfall > 10 & Rainfall < 400 

*Time series plot 

twoway (tsline Rainfall, name(rainfall), if Rainfall > 10 & Rainfall < 400)  

twoway (tsline Temperature, name(temperature)) 

twoway (tsline Windspeed, name(windspeed)) 

twoway (tsline Evaporation, name(evaporation)) 

twoway (tsline Humidity, name(humidity)) 

graph combine rainfall temperature windspeed evaporation humidity, col(2) row(2) 

*test of stationarity 

dfuller Rainfall, lags(4), if Rainfall > 10 & Rainfall < 400 

dfuller Temperature, lags(4) 

dfuller Evaporation, lags(4) 

dfuller Humidity, lags(4) 

dfuller Windspeed, lags(4) 

*ACF, and PACF 

ac Rainfall, name(RainfallAC), if Rainfall > 10 & Rainfall < 400 

pac Rainfall, name(RainfallPC), if Rainfall > 10 & Rainfall < 400 
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graph combine RainfallAC RainfallPC, col(2) row(2) 

ac Temperature, name(TemperatureAC) 

pac Temperature, name(TemperaturePC) 

graph combine TemperatureAC RainfallPC, col(2) row(2) 

ac Evaporation, name(EvaporationAC) 

pac Evaporation, name(EvaporationPC) 

graph combine EvaporationAC EvaporationPC, col(2) row(2) 

ac Windspeed, name(WindspeedAC) 

pac Windspeed, name(WindspeedPC) 

graph combine WindspeedAC WindspeedPC, col(2) row(2) 

ac Humidity, name(HumidityAC) 

pac Humidity, name(HumidityPC) 

graph combine HumidityAC HumidityPC, col(2) row(2) 

*To select the best model, we need to have AIC 

arima Rainfall, sarima(2,0,1,4), if Rainfall > 10 & Rainfall < 400  

estat ic 

arima Rainfall, sarima(3,0,1,4), if Rainfall > 10 & Rainfall < 400 

estat ic 

arima Temperature, sarima(1,0,2,4) 

estat ic 

arima Temperature, sarima(1,0,1,4) 

estat ic 

arima Temperature, sarima(2,0,2,4) 

estat ic 

arima Temperature, sarima(2,0,1,4) 

estat ic 

*To do residual checking 

arima Rainfall, sarima(3,0,1,4), if Rainfall > 10 & Rainfall < 400  

predict Rainfallres, resid, if Rainfall > 10 & Rainfall < 400 

arima Temperature, sarima(2,0,2,4) 
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predict Temperatureres, resid 

arima Humidity, sarima(2,0,1,4) 

predict Humidityres, resid 

arima Windspeed, sarima(2,0,2,4) 

predict Windspeedres, resid 

arima Evaporation, sarima(1,0,4,4) 

predict Evaporationres, resid 

*Then draw the AC and PAC of the residual to check if they are flat 

 ac Rainfallres, name(rainfallac) 

 pac Rainfallres, name(rainfallpc) 

 ac Temperatureres, name(Temperatureac) 

 pac Temperatureres, name(Temperaturepc) 

 ac Humidityres, name(Humidityac) 

 pac Humidityres, name(Humiditypc) 

 ac Windspeedres, name(Windspeedac) 

 pac Windspeedres, name(Windspeedpc) 

 ac Evaporationres, name(Evaporationac) 

 pac Evaporationres, name(Evaporationpc) 

 *Other ways to show that the residual are normal 

 twoway (tsline Rainfallres), name(rainfallres) 

 twoway (tsline Temperatureres), name(Temperatureres) 

 twoway (tsline Humidityres), name(Humidityres) 

 twoway (tsline Windspeedres), name(Windspeedres) 

 twoway (tsline Evaporationres), name(Evaporationres) 

 graph combine rainfallres Temperatureres Humidityres Windspeedres 

Evaporationres, col(2) row(2) 

histogram Rainfallres, name(Rainfallhist) 

 histogram Temperatureres, name(Temperaturehist) 

 histogram Humidityres, name(Humidityhist) 

 histogram Windspeedres, name(Windspeedhist) 
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 histogram Evaporationres, name(Evaporationhist) 

 graph combine Rainfallhist Temperaturehist Humidityhist Windspeedhist 

Evaporationhist, col(2) row(2) 

*Portmanteau test for white noise 

wntestq Rainfallres, lags(4) 

wntestq Temperatureres, lags(4) 

wntestq Humidityres, lags(4) 

wntestq Windspeedres, lags(4) 

wntestq Evaporationres, lags(4) 

*To predict each variable for the next 24 months, first we need to add sopace for 

those 24 months. 

arima Rainfall, sarima(3,0,1,4), if Rainfall > 10 & Rainfall < 400  //*The estimates 

are required before predictions 

tsappend, last (2021m12) tsfmt(tm) //*This will increase the space to december 2021 

predict Rainfalldy, dynamic(tm(2020m1)) y //*Creates the variable rainfalldy with 

the predictable variables 

twoway (tsline Rainfalldy) 

arima Temperature, sarima(2,0,2,4)  //*The estimates are required before predictions 

tsappend, last (2021m12) tsfmt(tm) //*This will increase the space to december 2021 

predict Temperaturedy, dynamic(tm(2020m1)) y //*Creates the variable 

Temperaturedy with the predictable variables 

twoway (tsline Temperaturedy) 

arima Humidity, sarima(2,0,1,4)  //*The estimates are required before predictions 

tsappend, last (2013m12) tsfmt(tm) //*This will increase the space to december 2021 

predict Humiditydy, dynamic(tm(2012m1)) y //*Creates the variable Humiditydy 

with the predictable variables 

twoway (tsline Humiditydy) 

arima Windspeed, sarima(2,0,2,4)  //*The estimates are required before predictions 

tsappend, last (2012m12) tsfmt(tm) //*This will increase the space to december 2021 

predict Windspeeddy, dynamic(tm(2012m1)) y //*Creates the variable Windspeeddy 

with the predictable variables 

twoway (tsline Windspeeddy) 
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arima Evaporation, sarima(1,0,4,4)  //*The estimates are required before predictions 

tsappend, last(2005m12) tsfmt(tm) //*This will increase the space to december 2021 

predict Evaporationdy, dynamic(tm(2004m1)) y //*Creates the variable 

Evaporationdy with the predictable variables 

twoway (tsline Evaporationdy) 
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Appendix 2: Actual data from Tanzania Meteorological Authority (TMA) 
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Appendix 3: Data used after estimations of missing values  

Mbeya Monthly Temperature  

Year Jan Feb mar Apr may Jun Jul Aug Sep Oct Nov Dec 

1981 23.9 24.0 24.0 23.5 22.2 22.2 22.3 24.0 25.4 26.9 27.5 24.8 

1982 24.2 24.2 24.1 23.5 22.1 21.8 21.5 22.9 25.3 25.8 25.0 23.5 

1983 23.2 25.0 24.9 24.3 23.8 22.7 22.6 23.1 25.6 26.8 27.1 24.2 

1984 22.8 23.2 23.8 22.2 22.2 20.8 21.0 22.8 25.8 26.6 25.8 22.6 

1985 23.8 21.8 23.5 22.5 21.9 21.5 21.4 22.1 24.8 26.1 23.9 23.2 

1986 22.4 23.7 23.4 22.8 22.2 21.0 21.6 23.9 24.9 26.8 24.8 23.0 

1987 22.9 23.3 24.5 23.9 22.6 21.8 23.1 23.8 26.2 25.9 26.8 25.6 

1988 23.3 24.2 24.1 23.8 22.6 22.4 22.3 23.3 25.6 26.7 25.1 24.3 

1989 22.0 22.4 23.1 22.2 21.9 20.9 21.0 22.9 25.2 26.6 25.7 23.1 

1990 23.2 23.7 23.9 23.6 22.6 22.4 22.3 22.4 24.4 27.4 27.1 25.1 

1991 23.2 24.5 24.3 23.6 22.8 22.5 21.3 23.7 25.6 25.6 26.6 24.9 

1992 24.1 23.8 24.2 23.5 22.4 22.1 21.4 22.6 24.8 26.8 25.0 24.2 

1993 22.6 23.2 23.5 23.1 23.1 21.4 21.2 22.7 24.9 26.6 26.5 27.5 

1994 23.9 22.9 23.7 23.0 22.1 22.2 21.6 23.0 25.3 26.7 27.0 25.6 

1995 23.7 23.1 24.0 23.3 22.4 22.5 22.3 23.9 25.7 27.6 27.7 24.9 

1996 23.6 23.7 24.1 22.6 22.7 21.4 22.3 24.4 26.3 27.5 27.3 24.4 

1997 24.5 23.2 24.3 23.3 23.1 23.3 21.9 24.8 26.8 27.5 27.2 25.7 

1998 24.3 24.1 23.6 22.9 22.7 22.4 22.5 23.0 25.8 27.0 27.0 26.9 

1999 24.2 24.9 22.9 22.4 22.2 21.2 20.6 22.5 24.8 25.8 25.9 25.2 

2000 24.0 23.9 23.3 23.6 23.1 21.8 21.4 22.8 25.5 27.1 24.7 23.5 

2001 22.2 23.6 24.2 23.5 22.3 21.6 21.8 23.9 26.2 27.2 27.1 25.3 

2002 22.8 24.0 23.9 23.4 23.2 21.7 23.6 23.1 25.4 27.3 26.3 24.9 

2003 23.9 25.1 25.1 23.6 23.6 21.8 21.7 24.0 25.3 27.4 27.5 25.3 

2004 24.6 23.9 24.1 22.8 22.6 21.5 22.4 24.4 25.2 26.7 27.1 23.9 

2005 23.9 25.6 24.4 23.7 23.5 23.0 22.2 24.1 25.5 27.1 27.2 26.7 

2006 24.8 24.6 23.7 23.0 22.6 21.5 21.7 24.5 25.0 27.7 25.9 23.1 

2007 23.6 24.1 24.5 24.1 22.9 22.3 22.3 23.7 26.2 27.0 27.3 24.4 

2008 23.3 23.3 23.5 22.4 22.6 21.2 21.8 23.8 26.4 27.3 26.6 23.9 
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2009 24.4 23.5 24.2 23.3 23.8 23.6 21.9 23.8 26.8 27.8 25.8 25.0 

2010 24.6 24.2 24.7 24.5 23.8 22.3 22.0 23.4 25.6 28.1 27.9 25.2 

2011 24.5 24.2 24.2 23.6 23.4 23.7 23.1 24.4 25.8 27.3 26.9 24.7 

2012 24.4 25.4 24.7 23.6 23.6 23.2 23.2 25.3 27.0 28.2 26.7 26.1 

2013 25.0 25.4 24.9 24.1 23.0 22.4 22.7 23.9 27.1 27.7 27.1 25.3 

2014 23.8 23.8 24.6 23.6 23.2 27.0 23.1 24.5 25.4 27.6 27.5 25.4 

2015 24.7 24.7 25.3 23.5 23.2 23.4 23.7 25.0 26.5 27.5 26.5 25.1 

2016 24.4 25.6 26.0 23.6 22.5 22.1 22.1 23.8 26.0 28.1 28.0 26.1 

2017 23.8 25.6 24.2 23.9 22.8 22.6 22.9 24.1 26.5 29.0 26.7 25.7 

2018 23.1 25.5 23.8 24.2 23.6 22.6 21.6 26.0 26.6 27.6 27.8 25.2 

2019 25.5 26.7 26.7 26.2 24.0 22.7 22.3 24.7 28.0 28.5 28.7 26.0 

Mbeya Monthly Rainfall (mm) 

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

1981 102.2 237.9 0.0 19.3 9.8 0.6 0.0 0.0 0.5 10.9 32.3 105.5 

1982 181.3 115.4 171.1 92.7 15.7 2.3 0.0 0.0 0.0 41.2 101.7 185.2 

1983 180.3 91.1 145.9 66.7 15.8 0.1 0.0 0.4 3.0 3.2 21.4 144.1 

1984 314.3 136.8 161.9 115.0 2.8 0.0 0.0 0.0 0.0 3.3 80.2 267.3 

1985 131.1 203.8 127.4 124.0 37.6 0.0 0.0 0.0 0.0 0.3 181.9 178.3 

1986 235.0 177.3 191.6 92.7 7.0 0.0 0.0 0.0 0.0 82.1 68.0 250.9 

1987 247.3 166.8 76.3 62.9 27.1 0.0 0.0 0.0 33.1 14.6 39.6 140.0 

1988 266.1 133.0 324.6 59.8 0.0 0.0 0.0 0.2 0.0 11.5 71.3 200.7 

1989 216.1 100.0 230.4 183.5 41.3 0.0 0.5 0.0 0.6 18.1 89.2 268.5 

1990 131.0 159.8 87.9 70.8 21.3 3.0 0.0 0.0 0.5 15.7 8.6 202.4 

1991 150.9 129.0 135.6 125.9 6.8 0.0 0.4 0.0 3.4 28.1 5.1 215.8 

1992 151.4 179.9 183.5 26.7 55.6 0.0 0.0 0.0 0.0 3.5 74.7 137.8 

1993 332.3 124.7 200.0 104.2 22.0 0.0 0.0 0.0 0.0 0.0 42.7 20.4 

1994 244.5 216.1 181.3 49.5 9.8 0.0 0.0 0.0 0.0 2.2 12.0 110.8 

1995 247.3 223.4 224.3 59.6 0.0 0.0 1.2 0.0 0.0 0.0 20.3 106.6 

1996 254.4 200.0 147.3 156.9 9.4 0.0 0.0 0.0 0.1 22.4 35.6 235.9 

1997 137.2 190.4 41.0 192.1 0.0 0.0 1.4 0.0 0.0 22.7 246.1 372.4 

1998 190.7 351.8 124.3 160.7 8.8 0.0 0.0 0.0 0.0 16.5 8.6 76.6 
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1999 331.2 124.6 329.7 169.7 52.6 2.5 0.0 4.9 2.1 3.1 12.2 144.7 

2000 150.9 179.6 215.5 66.1 0.0 0.0 0.0 0.0 0.0 16.9 154.4 252.6 

2001 451.3 106.5 103.0 95.6 24.1 0.0 0.0 0.0 8.6 32.6 33.3 174.5 

2002 191.5 182.7 152.0 61.4 0.0 0.0 0.0 0.0 0.8 3.2 21.4 153.9 

2003 247.7 111.2 167.0 43.5 0.0 0.0 3.4 0.0 0.0 16.6 24.2 162.3 

2004 175.5 144.0 110.0 134.3 0.0 0.0 0.0 0.0 8.0 7.4 38.5 286.9 

2005 163.9 127.8 132.6 54.8 0.0 0.0 0.0 0.0 0.0 2.2 47.1 112.9 

2006 199.4 94.6 114.0 160.7 60.5 0.0 0.0 0.0 0.0 17.8 74.1 319.6 

2007 240.2 140.5 141.6 70.1 12.2 8.0 0.0 0.8 0.0 17.7 11.0 209.1 

2008 197.7 187.0 169.0 76.7 25.2 0.0 0.0 0.0 0.0 8.2 74.3 167.4 

2009 242.2 187.7 229.9 25.8 10.7 0.0 0.0 0.0 0.0 7.2 105.4 160.7 

2010 151.1 123.9 239.1 37.8 14.7 1.0 0.0 0.0 0.0 0.0 17.6 93.1 

2011 134.6 167.4 167.4 118.3 9.0 0.0 0.0 0.0 14.5 43.1 62.3 356.3 

2012 149.9 153.0 105.7 24.4 12.5 0.0 0.0 0.0 0.0 24.4 38.2 181.9 

2013 124.5 159.2 144.1 53.2 72.2 0.0 0.0 0.0 0.0 0.0 34.0 159.6 

2014 258.3 363.9 135.8 127.1 5.3 0.0 0.0 0.0 0.0 26.0 51.6 180.3 

2015 215.8 127.3 97.8 94.2 2.5 0.0 0.0 0.0 0.0 32.2 126.1 145.6 

2016 355.4 146.0 138.8 160.7 20.5 0.0 0.0 0.0 0.0 3.0 43.3 52.6 

2017 200.9 217.3 130.8 106.2 13.1 0.0 0.0 0.0 0.0 6.2 132.5 236.6 

2018 84.7 152.9 196.4 113.8 16.5 0.0 0.0 0.0 0.0 36.2 53.8 257.6 

2019 213.1 184.3 163.6 110.0 14.8 0.0 0.0 0.0 0.0 21.2 93.2 247.1 

Monthly Relative Humidity ( ) 
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1981 71 74 76 80 79 75 72 64 50 61 58 75 

1982 79 79 80 79 80 74 73 68 63 67 76 84 

1983 83 80 81 82 71 62 65 68 47 49 61 74 

1984 79 79 69 75 67 64 64 57 49 59 69 78 

1985 69 85 78 74 68 63 70 68 62 59 75 78 

1986 82 79 82 74 72 74 67 65 60 63 69 80 
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1987 76 78 78 75 68 61 62 63 59 59 55 65 

1988 78 76 78 70 65 63 66 65 53 48 61 67 

1989 78 77 74 75 71 64 59 54 45 47 65 78 

1990 74 78 75 73 70 67 64 68 64 52 58 70 

1991 80 76 75 76.5 74 72 69 62 58 63 65 75 

1992 76 80 79 80 79 74 68 61.5 58 58 68 74 

1993 81 82 79 78 75 69 64 61 52 48 60 56 

1994 75 77 73 80 71 65 62 54 49 53 53 78 

1995 82 86 83 82 82 77 72 66 59 58 57 74.3 

1997 79.2 83 81 82 76 75 71.3 66.7 62.3 59.3 58.3 66.8 

1998 78.4 84 81 82 76 74 71 67 64 60 59 63 

1999 77.2 73 83 82 76 72 66 65 56 50 56 68 

2000 76 76 78 75 70 68 66 66 57 54 67 73 

2001 80 74 72 73 72 68 66 60 54 55.3 56 66 

2002 79 74 77 77 77 72 69.5 62.5 58.5 56.7 59 70.5 

2003 75 67 70 75 77 76 73 65 63 58 62 75 

2004 80 83 82 80 75 73 70 64 64 60 66 83 

2005 81 77 80 79 77 74 73 64 59 56 60 66 

2006 76 77 80 81 80 74 71 65 63 57 70 84 

2007 84 81 79 78 79 72 70 67 57 61 62 76 

2008 82 80 81 82 77 72 68 67 55 58 66 80 

2009 80 81 80 80 77 75 75 72 62 62 75 82 

2010 85 86 85 83 82 79 75 69 62 57 60 77 

2011 80 83.5 85 86 82 77 74 70 65 64 73 85 

2012 84 81 84 81 81 76 73 65 57 58 68 77 

Mbeya Monthly Wind Speed (Knots) 

Year jan feb mar apr may jun jul aug sep oct nov dec 

1981 10 6 7 6 6 6 6 7 13 11 10 9 

1982 5 5 5 6 6 7 14 8 9 10 6 5 

1983 4 5 5 5 8 11 10 9 10 10 8 7 
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1984 4 4 5 5 7 7 8 8 9 11 10 6 

1985 7 5 6 5 6 6 7 9 10 11 8 6 

1986 4 4 4 5 6 6 7 8 11 9 8 3 

1987 6 5 4 7 11 8 7 11 14 10 11 8 

1988 6 6 5 7 9 8 9 10 12 11 9 10 

1989 6 6 5 7 8 8 9 9 11 12 9 7 

1990 7 6 6 6 7 7 8 8 9 11 11 7 

1992 5.7 4 4.7 6.7 6.2 6.2 7.2 9.5 11 9.8 10 6 

1993 5 3 4 7 5.8 5.8 6.8 10 11 9.2 9.5 6 

1994 4 3 4 6 5.4 5.4 6.4 11 12 8.6 9 6 

1995 3 3 4 5 5 5 6 8 7 8 8 6 

1996 6 6 7 9 9 11 10 11 12 13 13 8 

1998 3 3 5 5 5 6 6 8 10 9 11 8 

1999 4 6 5 6 7 8 10 11 13 14 13 10 

2000 5 5 5 7 9 10 11 11 12 11 9 7 

2001 8 7 6 8 9 8 10 11 9 11 8 6 

2002 5 7 6 7 7 7 7 10 10 11 9 5.5 

2003 5 5 5 5 5 5 6 6 7 7 7 5 

2004 4 4 4 5 5 6 5 6 6 9 6 3 

2005 4 3 3 4 5 5 6 6 8 8 7 5 

2006 4 4 3 4 4 6 5 6 7 8 6 3 

2007 2 3 4 4 5 5 6 6 8 8 6 4 

2008 3 3 3 4 5 5 6 6 6 7 5 3 

2009 3 4 3 4 5 5 7 5 6 8 5 4 

2010 3 4 3 4 4 5 7 7 6.7 7 8 5 

2011 5 4 4 5 5 5 6 8 7.3 7 6 3 

2012 4 4 4 5 6 5 5 6 8 7 6 5 

 

 

 



 

 

79 

Mbeya Monthly Evaporation (mm) 

Year Jan Feb mar Apr may Jun Jul Aug Sep Oct Nov Dec 

1984 4.2 4.9 4.2 4.1 3.7 4.7 5.1 5.2 7.2 7.7 6.3 4.1 

1985 4.6 3.3 4.4 4.0 3.8 4.2 4.9 5.6 6.6 7.6 5.6 4.5 

1986 3.8 4.4 4.0 4.2 3.5 5.2 5.2 6.1 7.9 7.4 5.1 3.6 

1987 4.5 4.0 3.3 4.1 4.2 4.3 4.8 5.7 6.7 6.2 6.5 5.3 

1988 3.7 4.3 4.5 4.1 4.4 4.2 5.4 5.4 7.3 7.2 5.9 5.3 

1991 5.0 4.6 4.9 3.9 4.5 5.0 4.7 5.4 7.1 5.8 6.8 5.4 

1992 5.4 4.7 5.0 3.8 3.8 5.1 6.0 6.6 7.5 8.0 6.8 6.0 

1993 5.1 3.4 4.2 3.8 4.6 4.6 5.3 5.2 6.7 8.0 6.8 6.6 

2001 2.5 3.2 3.7 3.9 4.1 4.5 4.9 6.0 7.0 8.6 6.7 4.6 

2002 2.5 4.2 3.0 3.9 4.6 4.9 5.4 6.3 7.0 8.7 6.6 4.9 

2003 4.3 5.1 4.2 4.3 4.8 4.5 5.0 6.3 7.0 8.3 7.6 5.1 

2004 4.0 4.1 4.2 3.7 5.0 4.7 5.4 6.4 6.8 7.9 6.7 4.1 

2005 3.6 4.0 3.6 3.7 4.4 4.5 5.1 5.8 7.4 8.0 7.2 5.8 

2006 2.9 4.0 3.9 3.6 3.4 4.5 5.0 6.1 7.0 8.4 5.5 2.9 

2007 2.2 3.7 4.2 4.3 4.4 5.4 5.2 6.2 8.1 7.5 6.6 3.6 

2008 3.1 3.5 3.3 3.5 4.5 4.8 5.6 5.9 7.6 8.2 5.7 3.3 

2009 3.8 3.6 3.7 4.3 4.8 4.9 5.0 6.3 7.3 7.9 5.8 3.9 

2010 3.5 3.4 3.4 3.9 4.7 4.9 5.1 6.3 7.1 8.7 6.9 4.0 

2011 3.6 3.1 3.1 3.4 4.5 4.7 5.2 6.1 6.8 7.1 5.3 4.0 

2012 2.8 4.2 3.8 4.7 4.8 4.8 5.2 6.2 7.7 7.8 6.3 4.6 
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