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Abstract 

Climate changes can seriously affect the environment and rural communities, water availability, health, food security, biodiversity, and agricultural production. Farmers in Africa who depend on rain to grow crops are already recognizing the effects of changing climate. Weather is essential to farmers' for their decision-making.
The present study analysed spatial and temporal trends of precipitation and temperatures over Morogoro Region by using available climate data from meteorological agencies. The weather data was analysed during the period of 1991–2015 for the mean monthly precipitation and temperature and predicted the monthly precipitation and temperature by using the time series analysis. The result showed that climate is highly variable from arid to humid. At the same time, the trend line of mean monthly showed a slightly decreasing linear trend in precipitation and an increase in temperature. The forecast values of the rain and temperature until 2025 by the decomposition method with the multiplicative model showed that precipitation in May – October will be low. Moreover, the seasonal indices predict that precipitation in those months will be lower than the previous normal level. The probable future trends should be carefully considered to help farmers in selecting proper strategies in their farms.
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Introduction
Over the last few decades most parts of Tanzania have experienced an increased incidence of extreme climatic events, particularly floods and droughts that have been associated with severe socio-economic and ecological implications. The most recent severe floods include those of 2006, 2009, 2010, 2011, 2012, 2014, 2016 and 2017 that affected many parts of the country associated with many fatalities including loss of life and severe infrastructural destructions.((Kijazi and Reason, 2009)(Viste, Korecha and Sorteberg, 2013).
The climate in Africa is semi-desert (semi-arid), and the rainfall amounts vary across an area or through time. Morogoro region lies between the seasonal rainfall patterns of northern and southern Tanzania. Northern Tanzania has bimodal rainfall. The short Vuli rains start between mid-September and mid-October and continue till December. The long Masika rains start in mid-March and last until late May. Southern Tanzania has unimodal Msimu rains, which start in November and end in April or May. (Paavola, 2008).
General climatic conditions and climate change are well captured by mean monthly observations, but extremes are better reflected by daily observations. During the last decades, daily temperature and precipitation observations have been used for computation of indices. (Zhang et al., 2011).
Droughts are the most important aspect of climate variability in Morogoro region. Recent droughts happened in 2005. Annual rainfall in Morogoro region varies from 4000 mm in the high altitudes of the eastern slopes of the Uluguru Mountains to about 600 mm in the low altitude plains (Kangalawe et al., 2014) . Smallholder families live in farms which in many countries are significantly smaller than 2 hectares (Rapsomanikis, 2015). More than 95% of sub-Saharan African agriculture is rainfed, and so the impacts of rainfall changes are felt particularly by those who directly depend on reliable weather patterns to secure their livelihood. (Simelton et al., 2013) (Mkonda and He, 1980).
Weather is a multiple parameter made up of air temperature, atmospheric pressure, humidity, precipitation, solar radiation and wind.
In the dry and semi-dry areas climate plays a crucial role in the agriculture and livelihood of the population. As a result of the climate change and variability, climate indicators have become unstable. The most important indicator is the rain. The change in the quantity and distribution of rain has major long-term effects on the natural system, such as surface waters and rivers, especially on those who rely on agriculture for their livelihoods. Rainfall fluctuations are the main cause of crop change in the major crops in many areas of Tanzania. (Dayoub et al., 2018). Although other factors such as soil type, temperature and low agricultural inputs may play a role in reducing crop productivity. Therefore, the study of characteristics of mean monthly precipitation and temperature including monthly precipitation and temperature in Tanzania using time series analysis are of paramount importance. (Hamisi, 2013).

Materials and methods
Description of the study area
The United Republic of Tanzania is among the East African countries lying in the south of the equator between 1 - 12˚S and 29 - 41˚E. The country has a total area of 945,087 km2 of which 883,749 km2 is covered by land area, and 59,050 km2 is covered by inland water bodies and part of the Indian Ocean. The country is characterized by diverse and complex topographical features extending from a narrow coastal belt of the western Indian Ocean with sandy beaches to an extensive plateau with altitude ranging from 1000 to 2000 m above mean sea level. The plateau is fringed by narrow belts of highlands, including Mount Meru with an altitude of (4566 m), and the highest mountain in Africa and the second highest mountain in the world: Mount Kilimanjaro with an altitude of (5895 m). Tanzania has several fresh water bodies, including the largest lake in Africa; Lake Victoria, the longest and deepest lake in Africa; Lake Tanganyika and Lake Nyasa (Chang’a et al., 2017) (Kijazi and Reason, 2009).
Morogoro is a town with a population of 315,866 (2012 census) in the eastern part of Tanzania, 196 km west of Dar es Salaam, the country's largest city and commercial centre, and 260 kilometres east of Dodoma, the country's capital city. Morogoro is the capital of the Morogoro region. It is also known informally as "Mji kasoro bahari", which translates as "city short of an ocean/port”.  The climate is tropical. In winter, there is much less rainfall than in summer. This location is classified as Aw by Köppen and Geiger. The temperature here averages 24.6 °C and the rainfall  935 mm.
Data collection

Weather data for precipitation and temperature in Morogoro region, Tanzania were collected from WeatherOnline Ltd. - Meteorological Services. (‘www.weatheronline.co.uk’, 2018)
The precipitation data set was consecutive monthly from January of 1991 to December of 2015 and January of 2004 to August of 2019 for temperature data set.

Trend analysis 

Trend analysis of mean monthly precipitation and temperature with Microsoft Excel 2013 were analysed to determine the trend line of mean monthly precipitation and temperature in Morogoro region. The model is Y = a + bt, where Y is  precipitation/temperature, a is intercept, b is slope and t is time.
Time series analysis

The decomposition method was used with the multiplicative model to identified trend cycle, and the seasonal and irregular analysis for mean monthly precipitation and temperature. 
Multiplicative model is Y  = T  C  S  I, where Y = precipitation/temperature, T = the trend component, C = the cycle component, S = the seasonal component and I = the irregular component. The analysis was carried out using Microsoft Excel 2013. Measures of forecast accuracy consist of Mean Absolute Deviation (MAD), Mean Squared Deviation (MSD) and Mean Absolute Percent Error (MAPE).

Results and Discussion

1. Descriptive Statistics of mean monthly precipitation and temperature

	Table 1.
	Mean  SD of mean monthly precipitation and temperature in Morogoro, Tanzania.



	Month
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12

	Precipitation
	150.2941.82
	129.8936.37
	174.5036.31
	147.8329.52
	56.8217.80
	12.676.13
	5.32         2.90
	7.91   3.72
	17.8410.03
	33.0510.46
	89.4337.13
	148.6153.07

	Temperature
	27.290.80
	27.200.76
	26.561.54
	25.580.64
	24.110.62
	22.540.65
	22.070.45
	22.990.45
	23.930.58
	25.560.80
	26.720.40
	27.300.67



2. Trend Analysis of mean monthly precipitation and temperature



The trend line of mean monthly precipitation and temperature in Morogoro region were presented in figure 1 and 2, respectively. The trend line of mean monthly precipitation was observed that the result showed slight deceasing linear trend as equation:The linear equation showed that for every 83.445 monthly mean in Morogoro, precipitation will decrease by 0.015. Furthermore, it was observed that there was season component but there was no cycle and irregular component. For trend line of mean monthly and temperature, it showed slight increasing linear trend as equation:. The linear equation showed that for every 25.125 monthly mean in Morogoro, temperature will increase by 0.0002.


	Figure 1.
	Trend line of mean monthly precipitation in Morogoro, Tanzania  (1991– 2015).

















	Figure 2.
	Trend line of mean monthly temperature in Morogoro, Tanzania              (2004– 2019).



3. Time series Analysis of mean monthly precipitation 

The result of time series analysis of mean monthly precipitation by using decomposition method with multiplicative model indicated that Mean Absolute Deviation (MAD) was 18.707. Mean Square Deviation (MSD) was 810.365. Mean Absolute Percentage Error (MAPE) was 38.399. Forecast values mean monthly precipitation in the future (2016 – 2025) was presented in table 2 and figure 3. 

	Table 2.
	Forecast values of monthly precipitation in the future (2016 – 2025).



	Year
	Month

	
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12

	2016
	149.37
	129.93
	174.15
	143.75
	60.62
	12.70
	4.67
	7.78
	16.91
	31.69
	93.29
	152.20

	2017
	149.21
	129.80
	173.97
	143.60
	60.56
	12.69
	4.67
	7.77
	16.89
	31.66
	93.20
	152.05

	2018
	149.06
	129.67
	173.79
	143.46
	60.49
	12.68
	4.66
	7.76
	16.88
	31.62
	93.10
	151.89

	2019
	148.91
	129.54
	173.61
	143.31
	60.43
	12.67
	4.66
	7.76
	16.86
	31.60
	93.01
	151.73

	2020
	148.76
	129.40
	173.44
	143.16
	60.37
	12.65
	4.65
	7.75
	16.84
	31.56
	92.91
	151.58

	2021
	148.61
	129.27
	173.26
	143.02
	60.31
	12.64
	4.65
	7.74
	16.82
	31.53
	92.82
	151.42

	2022
	148.45
	129.14
	173.08
	142.87
	60.25
	12.63
	4.64
	7.73
	16.81
	31.50
	92.72
	151.27

	2023
	148.30
	129.01
	172.90
	142.72
	60.18
	12.61
	4.64
	7.72
	16.79
	31.46
	92.63
	151.11

	2024
	148.15
	128.87
	172.73
	142.58
	60.12
	12.60
	4.63
	7.72
	16.77
	31.43
	92.53
	150.96

	2025
	148.00
	128.74
	172.55
	142.43
	60.06
	12.59
	4.63
	7.71
	16.76
	31.40
	92.44
	150.80












	Figure 3.
	Forecast values of monthly precipitation in the future (2016– 2025).




The result of seasonal indices was presented in table 3. It showed that precipitation in July was the most lower than normal level at 94.26 percent. Secondary was August (90.44 percent), June (84.40 percent), September (79.22 percent), October (61.06 percent) and May (25.55 percent), respectively. For the higher than normal level was March at 113.84 percent. Secondary was December (87.03 percent), January (83.38 percent), April (76.53 percent), February (59.53 percent) and November (14.64 percent), respectively. 

	Table 3.
	Seasonal indices.



	
	Seasonal Period (month)

	
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12

	Index
	183.38
	159.53
	213.84
	176.53
	74.45
	15.60
	5.74
	9.56
	20.78
	38.94
	114.64
	187.03



1. Time series analysis of mean monthly temperature

The result of time series analysis of mean monthly temperature by using decomposition method with multiplicative model indicated that Mean Absolute Deviation (MAD) was 0484. Mean Square Deviation (MSD) was 0.548. Mean Absolute Percentage Error (MAPE) was 1.937. Forecast values mean monthly temperature in the future (September of 2019 – December of 2025) was presented in table 3 and figure 4. 




	Table 3.
	Forecast values of monthly temperature in the future (2016 – 2025).



	Year
	Month

	
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12

	2019
	
	
	
	
	
	
	
	
	24.16
	25.80
	26.74
	27.37

	2020
	27.65
	27.15
	26.72
	25.47
	24.28
	22.65
	22.0914

	23.019

	24.1717

	25.8096

	26.7578

	27.382


	2021
	27.6614

	27.1676

	26.7371

	25.4791

	24.288

	22.6564

	22.1021

	23.0301

	24.1834

	25.822

	26.7707

	27.3952


	2022
	27.6747

	27.1807

	26.75

	25.4914

	24.2997

	22.6673

	22.1127

	23.0412

	24.195

	25.8345

	26.7836

	27.4084


	2023
	27.688

	27.1938

	26.7629

	25.5036

	24.3114

	22.6782

	22.1233

	23.0523

	24.2067

	25.8469

	26.7965

	27.4216


	2024
	27.7013

	27.2069

	26.7757

	25.5159

	24.3231

	22.6892

	22.134

	23.0634

	24.2183

	25.8593

	26.8094

	27.4348


	2025
	27.7147

	27.22

	26.7886

	25.5282

	24.3348

	22.7001

	22.1446

	23.0745

	24.23

	25.8718

	26.8223

	27.448





	Figure 4.
	Forecast values of monthly temperature in the future (2019– 2025).



	Table 4.
	Seasonal indices.



	
	Seasonal Period (month)

	
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12

	Index
	109.47
	107.51
	105.80
	100.82
	96.10
	89.64
	87.45
	91.12
	95.67
	102.15
	105.90
	108.37









Conclusions

The trend line of the mean monthly precipitation in the period of  1991– 2015 showed a slight decreasing linear trend. The forecast values in the future (2016 – 2020) by the decomposition method with multiplicative model showed that precipitation in May – October are low. Moreover, the result of seasonal indices showed that precipitation in those month are lower than normal level, as well. The study demonstrates an existence of trends in the yearly rainfall. However, in Morogoro, there is a decreasing trend. Therefore, there is a need for further studies with daily and monthly data for a longer period. The present study suggests that Morogoro gets a higher rainfall in December.
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precipitation



24.160098937204708	25.797159970305007	26.744913530100071	27.368826457290144	27.648044510748068	27.154546293159768	26.724233037461168	25.466808909352338	24.276270028551426	22.645504255014636	22.091407758854309	23.019023538263411	24.171744987654002	25.809594644489948	26.757804519972431	27.382017641986383	27.66136973732436	27.167633148169823	26.737111990172256	25.479081390878513	24.287968318376031	22.656416270494272	22.102052348668828	23.0301146478844	24.183391038103373	25.822029318674886	26.770695509844799	27.395208826682616	27.674694963900652	27.180720003179886	26.749990942883343	25.491353872404702	24.299666608200631	22.667328285973909	22.112696938483349	23.041205757505459	24.195037088552706	25.834463992859831	26.783586499717163	27.408400011378852	27.688020190476948	27.193806858189941	26.762869895594431	25.503626353930862	24.311364898025232	22.678240301453549	22.123341528297864	23.052296867126483	24.206683139002038	25.846898667044773	26.796477489589527	27.421591196075092	27.70134541705324	27.206893713199996	26.775748848305522	25.515898835457037	24.323063187849833	22.689152316933189	22.133986118112382	23.063387976747507	24.218329189451371	25.859333341229711	26.809368479461892	27.434782380771324	27.714670643629532	27.219980568210055	26.788627801016609	25.528171316983212	24.334761477674437	22.700064332412826	22.1446307079269	23.07447908636853	24.2299752399007	25.871768015414652	26.822259469334259	27.44797356546756	time


temperature
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