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The variability, intensity, and distribution of rainfall have drawn a lot of interest globally and especially in nations where rainfed
agriculture is the norm. This article uses rainfall data from the Rwanda Meteorology Agency for the years 1981 to 2021 to delineate
and analyze rainfall variability and trends in the Kayonza District. The time series were grouped using the K-means clustering
technique based on computed Euclidean distance, the total within-cluster sum of squares, and the elbow plot technique to
determine the optimal number of clusters. The coefficient of variation measures was employed to analyze rainfall variability, while
Sen’s slope and the Mann-Kendall (MK) test were used, respectively, to find trends and changes in magnitude. The results
indicated four near homogeneous zones named region one to four. The dry seasons indicated higher variability compared to rainy
seasons and annual rainfall total with a variability of 128-142% over the southeastern part during June to August (JJA) season,
while a variability of 16-48% was observed over most of the district during both annual and rainy seasons. It was further noted that
the areas in the central part of the Kayonza District indicated a significant increasing trend at a significance level of 95% and above
during January to February (JF), September to December (SOND), and on annual basis, while March to May (MAM) and JJA
season exhibited no significant trend. The findings of this study are essential for creating adequate mitigation strategies to lessen
climate change’s effects on agriculture as well as other socioeconomic sectors.

1. Introduction

The sub-Saharan Africa (SSA) countries have seen the effects
of climate change, with numerous extreme events causing
declines in crop production quality and quantities, with
much bigger implications on the lives of smallholder farmers
[1]. In SSA, the rainfed agricultural sector is the utmost
principal source of livelihood for the human population

[2-4]. The spatial and temporal variability of the rainfall
distribution in East Africa countries (EA) is more pro-
nounced, and catastrophic events, such as destructive
droughts and floods, occur more frequently leading to
detrimental effects on socioeconomic sectors as well as
human and animal deaths [5-9]. The dynamics and evo-
lution of the climate system, as well as the variability and
predictability that go along with it, can all be better
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understood with an improved understanding of rainfall
variability and trend [10, 11]. Sea surface temperatures
(SSTs) are frequently used predictors of seasonal rainfall over
the EA region and other parts of the tropics [12, 13] with
enhanced and depressed seasonal rainfall over EA region
been linked with the warming and cooling over the western
Indian Ocean and Eastern Atlantic Oceans [14] in addition
to winter or northeast (NE) monsoon during December to
February and summer or southeast (SE) monsoon during
June to August [15]. Over EA region, El Nifio and positive
Indian Ocean Dipole (IOD) are linked to enhanced seasonal
rainfall, while La Nina and negative IOD are associated with
reduced seasonal rainfall over the region and other neigh-
boring areas [7, 14, 16-19]. Despite the fact that the effects of
tropical cyclones on the region’s weather vary depending on
the time of year, where they are located, and the associated
large-scale flow, cyclones that move into the Mozambique
channel have an impact on the region’s weather from March
to May by causing low level diffuse flow, while rainfall tends
to increase during the months of December and January,
leading to frequently observed flooding in the area [13]. On
the internal climate forcing mechanisms, volcanoes, for
example, have been found to affect climate and have the
potential to affect the skill of certain seasonal forecasts made
after large eruptions [20]. The intraseasonal rainfall vari-
ability over the region are associated with equatorial Rossby
waves which exhibit a dominant 10-30-day time scale pe-
riodicity [8, 21], while a higher association between Mad-
den-Julian oscillation (MJO) with rainfall was observed over
the west of the region [22].

The rainfall in Rwanda has a northwest-east slant with
more rainfall in the northwestern than the eastern side of the
country [18]. Its distribution is controlled by global to local
processes such as position and intensity of anticyclones such
as St. Helena, Mascarenes, Azores and Siberian [23-25],
intertropical convergence zone [26], and Lake Victoria and
Congo Air mass [23, 24]. Rwanda experiences two major
rainy seasons in a year, March to May (long rainy season)
and September to December (short rainy season), and two
dry seasons, June to August (long dry season) and January to
February (short dry season) [18, 19, 27- 29], with April and
November being the monthly rainfall peak for March to May
and September to December rainy seasons, respectively
[30, 31]. Rainfall seasons in Rwanda alternate due to the
movement of the intertropical convergence zone (ITCZ)
crossing the equator from North to South and vice-versa
[26], and its passage results in two rainy seasons (MAM and
SOND) [31, 32]. MAM rainy season occurs when ITCZ
passes from south to north hemisphere, while the SOND
rainy season occurs when passes from north to south
hemisphere [12]. During the dry season, the climate of
Rwanda is dry mainly in Eastern lowlands and is influenced
by dry anticyclones of Saint Helena and Azores, while the
western highlands receive some rainfall resulting from Saint
Helena anticyclones passing over lake Kivu from Atlantic
Ocean [18]. Rainfall characteristics over Rwanda have been
the subject of several recent studies [8, 19, 27, 28, 31, 33, 34].
Since the economy of the Kayonza District is heavily de-
pendent on the agriculture industry, rainfall fluctuation will
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have a variety of consequences on farming activities and
other sectors that support the district’s economy. None of
the previous studies have concentrated on understanding
rainfall characteristics over the Kayonza District which is
one of the dry areas in the eastern region of the country.
Furthermore, previous research has indicated that rainfall
and temperature vary geographically across the country due
to the complex topography [31] with the eastern region
receiving a low amount of rainfall and high temperature
[25, 31] and that the mean rainfall significantly reduces when
topography reduces [31]. This would also motivate this
present study to characterize this region by focusing on the
interannual variation and trend of rainfall and including dry
seasons which serves as the postharvest period of the pre-
vious rainy season. In addition, none of the previous work
has attempted to delineate this region into near homoge-
neous zones which would be of great impact for decision-
making and agricultural management and practices.

2. Materials and Methods

2.1. Study Area. The research was carried out in the Kayonza
District (1°51'S, 30°39'E), in the Eastern Province of Rwanda,
with an altitude ranging between 1400 and 1600 m [35]. The
Kayonza District (Figure 1), being one of the seven districts
that make up the Eastern Province of Rwanda, has an av-
erage area of 1,937 km? and a total population of 344,157
people, with 34,008 of them living in urban areas and
310,149 in rural areas, at a density of 178 people per km”
[36]. With the exception of the East, where some slopes are
stiff and stony, the relief is characterized by plates at broad
summits and hills with smooth slopes. The district is the
home for numerous small interior lakes such as Cyabatanzi,
Hago, Thema, Kibare, Kivumba, Rwibishuhe, Shakani, and
Kabigabiro, whereas to the west, the lake Muhazi separates
Kayonza from the neighboring districts. The rainfall over
Kayonza shows a bimodal characteristic similar to other
regions of the country, with April and November being the
peak months for each of the two wet seasons extending from
March to May (MAM) and September to December
(SOND), respectively, while January and February (JF) and
June to August (JJA) are the dry seasons (Figure 2) con-
firming other previous findings [18, 19, 27-29, 31]. Rainfall
over Kayonza exhibits an increasing trend while it is in-
versely correlated to the normalized differential vegetation
index [37] with a lower frequency in rainy days [29] and is
projected to increase by 29% through the 21*" century [38].
The majority of the population relies on agriculture, small-
scale traders, and subsistence pastoralists for a living, with
maize being cultivated primarily through effective land
consolidation [39]. While forest savannah makes up the
majority of the vegetation, half of Akagera National Park is
a hub of different species of flora and wildlife [36]. In
general, increase in rainfall [40] and decrease in mean
temperatures [41] were seen particularly in highland,
western, and regions near Lake Kivu, causing more flooding.
In contrast, decreased rainfall, aridity index, and warming
characteristics were seen in the eastern low land region,
where the Kayonza District is located which leads to crop
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failure and decreased yield production [40, 41]. In terms of
climatic zones, previous work has delineated Rwandan
climate into four [25] and five [42] near homogeneous zones
with the entire eastern region extending to Kigali city falling
in the East-Rwandan dry and hot lowland zone [25, 42]. The
variations in precipitation intensity and frequency, along
with the agricultural reforms implemented in Rwanda, may
have an impact on the trends in yields of the country’s key
food crops at the time [43]. The majority of crop yields in the
eastern lowland are predicted to decrease during the SOND
season due to expected declines in mean rainfall and the
number of rainy days, while bean, maize, and Irish potato
yields are predicted to increase during MAM due to an-
ticipated increases in the mean rainfall and the number of
rainy days [44].

2.2. Data. The daily gridded rainfall dataset which was
accumulated to monthly, seasonal, and annual total were
obtained from Rwanda Meteorology Agency (Meteo
Rwanda) with a spatial resolution of 0.0375 degrees (~4 km)
for the period of 1981 and 2021. This dataset was generated
by merging quality-controlled observed data with satellite
rainfall estimates data from Tropical Applications of Me-
teorology using SATellite (TAMSAT). The used rainfall
dataset was used in the previous studies [27, 34, 45-48].
More information on the generation of the dataset is found
in [27].

2.3. Methods. Several studies have used the K-means clus-
tering method to delineate climate variable into near ho-
mogeneous zones by combining comparable data points to
identify the underlying pattern [49-54]. To implement the
K-means clustering technique, the following steps are re-
quired. First, we find the center of the first cluster and repeat
the process. Depending on the average value of the objects in
the cluster, we assign each object to the cluster to which it is
most comparable. We restructure the cluster means and then
calculate the items’ average value for each cluster. We repeat
the process until no further change is observed [52-54]. K-
means clustering is utilized in this case to group the time
series according to the Euclidean distance and the total
within-cluster sum of squares (TWCSS) [52, 54]. The closest
cluster is assigned to each data point while reducing
intracluster variation. More information of the use of K-
means clustering can be found in [51, 55, 56]. In the present
study, daily rainfall and temperature data were used to
generate monthly data which in turn were aggregated to the
seasonal and annual time scale. To delineate the study area
into near homogeneous zones, rainfall, maximum temper-
ature, and minimum temperature data were considered. To
avoid giving more weight towards the largest values, input
data were standardized. The seasonal and annual rainfall
climatology for each grid was generated by aggregating
monthly rainfall to seasonal rainfall for each grid. To un-
derstand the variability in rainfall, the coefficient of variation
measure (CV) which measures the degree of variability in
a dataset was employed in the present study. The simple

linear regression method was applied to present the
graphical trend for seasonal and annual rainfall generated
for each grid representing a corresponding near homoge-
neous zone (region). The advantage of this method is that it
provides quick visual observations of the presence of a trend
in each time series. Mann-Kendall (M.K), a nonparametric
rank-based test, was employed under this study to test the
statistical significance of the observed trends where positive
values show an upward slope, while a negative value in-
dicates a downward slope [57-60]. This method has been
widely used in previous research over Rwanda
[29, 45, 46, 61].

3. Results and Discussion

Our goal in this research was to determine the ideal number
of zones, and we employed the K-means clustering tech-
nique with various cluster counts (k) and calculated the total
within the sum of squares for each k value and plotted the
optimum number of clusters using the elbow plot technique.
The results obtained by the process of clustering rainfall over
the Kayonza District are presented in Figures 3-5, re-
spectively. The distance between points and the centroid in
the same cluster and in different clusters is represented in
two dimensions using the centroid of clusters as presented in
(Figure 3) where four clusters representing rainfall and
temperature characteristics in the Kayonza District are in-
dicated with the first two components explaining 81.34% of
the variability.

Finally, the optimal number of clusters is thought to be
the k value at the bend (elbow joint) in the figure. The total
sum of squares distance in elbow plot falls as the value of k
grows (Figure 4), although there is a bend at k=4. It
demonstrates how adding more clusters will result in
a modest reduction in the sum of squares. Consequently,
four can be thought of as the ideal number of clusters.

The obtained four optimum numbers of clusters cor-
responding to four near homogeneous zone in the Kayonza
District are represented on the spatial map of the study area
using ArcGIS software (Figure 5).

Table 1 presents the seasonal rainfall characteristics over
the Kayonza District for different near homogeneous zones.
During the JF season, rainfall ranges from 32 mm (R4) to
396 mm (R3) with a mean range of 129 mm (R4) to 149 mm
(R3) and a standard deviation of 61 mm (R2) to 75 mm (R3).
Rainfall varies from 46% (R1 and R2) to 50% (R3) and
contributes 15% (R1 and R4) to 16% (R2 and R3). During
MAM, rainfall ranges from 101 mm (R2) to 598 mm (R1)
with a mean range of 329 mm (R2) to 365mm (R3) and
a standard deviation of 81 mm (R4) to 97 mm (R1). Rainfall
varies from 24% (R4) to 28% (R2) and contributes 38% (R4)
to 41% (R1 and R2). During the JJA season, rainfall ranges
from 0 mm (R3) to 8 mm (R1) with a mean range of 50 mm
(R4) to 64 mm (R3) and a standard deviation of 45 mm (R4)
to 58 mm (R3). Rainfall varies from 83% (R2) to 98% (R1)
and contributes 6% (R1 and R4) to 7% (R2 and R3). During
SOND, rainfall ranges from 73 mm (R2) to 580 mm (R1)
with a mean range of 286 mm (R2) to 366 mm (R4) and
a standard deviation of 79 mm (R4) to 110 mm (R1) with
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FIGURe 1: Map of Rwanda presenting the geographical local of the Kayonza District (a), limitation of the Kayonza District (b), hydro-

graphical and topographic features of Kayonza and neighboring districts (c), and the administrative boundary of sectors in the Kayonza
District (d).
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FIGURE 2: Monthly rainfall climatology over the Kayonza District from 1981 to 2021.
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FIGURE 4: Example for elbow plot to check the optimal number of clusters (k). The dotted line indicates the elbow joint, and it will help find

the k value over the Kayonza District.

a varies from 22% (R4) to 33% (R2 and R3) and contribute
36% (R3 and R3) to 41% (R4).

The spatial distribution in seasonal and annual mean
rainfall is presented in Figure 6. Both short dry seasons
spanning the month of January to February (JF) and long
dry season extending from the month of June to August
indicated a lower mean rainfall amount ranging between
20 and 100 mm over the northwester part of the district
(R4) increasing towards the rest of the country (R1 to R3)
with a maximum mean seasonal rainfall of 180 mm. These
two dry seasons are mainly helpful for the agricultural
purpose as they serve as the postharvest period for both the

SOND and MAM seasons, respectively. During the long
rain season (MAM), the southwestern part of the district
(R1) revealed higher mean seasonal rainfall (500-580 mm)
decreasing to the rest of the R1 and eastern part of the
district (R3), while the southern part of the district in R2
and R3 extending toward the central part in R2 and
northern areas in R4 exhibited lower seasonal mean
rainfall (260-340 mm). The short rain season (SOND)
indicated lower seasonal mean rainfall over the southern
part of the district in R2 and R3 extending towards the
central part in R2 and northern areas in R4 with a mean
range of 180-340 mm, while the eastern part of the country
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Figure 5: Climatic classification of the Kayonza District based on the data from 1981 to 2021. Four near homogeneous zone in the Kayonza
District, clear green color to the west (region 1, R1), dark green color (region 2, R2), red color to the east (region 3, R3), and blue color to

north (region, R4).

(R3) and part of the northwestern (R4) and northern areas
of R1 show moderate rainfall (340-420 mm) increasing to
the southwestern side of the district (R1) with a mean
rainfall of 500-580 mm. The two rainy seasons show that
the southern through the central part extending to the
northern areas receives quite low rainfall which would be
challenging regions for farming activities. On annual basis,
the northwestern region (R4) indicated reduced rainfall
(620-720 mm) increasing towards the central and south-
ern part of the district (R2) with a mean annual rainfall of
720-820 mm. Moderate rainfall (820-1120 mm) was ob-
served over the rest of all regions except for the western
part of the R1 which indicated rainfall reaching 1200 mm.
The mean rainfall over the area is in the range of the
previous finding with certain locale areas diverging
markedly from the annual averages [25, 42]. Based on the
ranges in the observed rainfall amount, agriculture can be
practiced. The adequate water supply and temperatures
favor the cultivation of moisture-loving crops [42]. Similar
to the results obtained by [27, 31], the western side of the
district registers higher rainfall compared to other regions
which show that topography remains one of the rainfall
controlling factors of the area.

In terms of rainfall variability as presented in Figure 7,
the JF short dry season exhibits moderate variability over
the northwestern part of the district (R4) with a magnitude
of 64-80% reducing towards the eastern part (R3) and the
rest of the R4 at a variation rate of 48-64%, while the
northern part of R3 and most of the R1 show lower var-
iation (32-48%). The long dry season shows more vari-
ability compared to the rest of seasons with a magnitude of
128-144% over the southeastern side of the district (R3)
reducing towards the central and western sides of the
district (R1-R3) with a variation magnitude of 96-128%,
while lower variability was observed over the northern
section of the district (80-96%). During MAM season,
except for a small portion of the northwestern (R4) which
indicated a variation of 32-48%, the rest of the regions
experienced quitelower variability ranging between 16 and
32%. Similarly, SOND season indicated more variability
over the southern part of the district (R2 and R3) and over
the northwestern areas (R4) with a variation magnitude of
32-48%, while the rest of the region indicated lower var-
iation with a magnitude of 16-32%. On the annual scale,
the whole district shows a throughout less variation in
rainfall with a magnitude of 16-32%. The rainfall variability
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TaBLE 1: Seasonal and annual rainfall characteristics with maximum (MAX), minimum (MIN), long term mean (LTM), standard deviation
(SD, in mm), coeflicient of variation (CV in %), seasonal contribution to annual mean rainfall (Cont. in%), trend magnitude (Q in mm/year)
and significance (Sig, at 99% (**), 95% (*) and greater than 90% (+) confidence level respectively) for the four near homogeneous climatic

zone (R1-R4) from 1981-2021 over Kayonza district.

Seasonal rainfall characteristics

Season Region MAX MIN LTM SD CV Cont. Q Si
& (mm) (mm) (mm) (mm) (%) (%) (mm/year) g
R1 318 39 135 62 46 15 -0.3

T R2 271 34 131 61 46 16 0.5
R3 396 52 149 75 50 16 2.6 o
R4 288 32 129 62 48 15 14
R1 598 149 360 97 27 41 -0.5
R2 541 101 329 91 28 41 -1.8

MAM R3 557 109 365 96 26 40 -0.7
R4 490 190 335 81 24 38 -0.5
R1 225 8 52 51 98 6 -0.1

A R2 227 2 56 47 83 7 0.3
R3 258 0 64 58 89 7 0.8
R4 210 6 50 45 920 6 0.5
R1 580 123 332 99 30 37 -0.7
R2 561 73 286 96 33 36 1.9

SOND R3 549 121 331 110 33 36 3.5 +
R4 532 235 366 79 22 41 0.2
RI 1412 381 887 203 23 — -12
R2 1235 216 800 200 25 — 2.2

ANNUAL R3 1482 312 913 237 26 — 7.6 *
R4 1175 571 883 144 16 — 3.1

magnitude observed over the Kayonza District differs from
the findings of the previous study which reported no
conclusive evidence on rainfall variability in the Eastern
province [29]. The more fluctuations in rainfall over the
Eastern were thought of being probably linked to sunspots
[25]. This higher variability during dry seasons may greatly
affect the postharvest activities for agricultural production
realized during the wet seasons and would explain the
inconsistence in the temporal distribution of rainfall
during the subsequent rainy season. More energy is re-
quired during the postharvest period to transport and,
ultimately, dispose of the harvested food, which can result
in the loss of resources used to produce food that will not be
eaten and badly impact farmers’ livelihoods and signifi-
cantly worsen food insecurity. Farmers can be taught how
to reduce food loss and use climate-smart agricultural
practices in order to increase sustainable productivity and
lower greenhouse gas emissions from the agricultural
sector. Any solution that truly addresses postharvest loss
should take into account the relationship between food
security and climate change in order to inform investment
opportunities and practical strategies that can effectively
reduce postharvest losses. Similar observations linking
postharvest loss to climate variability and change have been
made by [62-66].

The spatial distribution in seasonal and annual rainfall
trend is presented in Figure 8. During the JF season, the
central part of the Kayonza District indicated a significant
increasing trend with a magnitude of 2-3 mm/year, while
the norther part of the district indicated 0-1 mm/year and
1-2mm/year over the southern part of the district,

respectively. This observed increase in the rainfall would
explain the current observed increased rainfall during the
short dry season of JF which would extend the SOND
seasons and would affect the postharvest period of the
growing season commonly known as season B for agri-
cultural purpose and would also affect the starting period
of the MAM season commonly known as season A for
agricultural purposes. During the long rain season
(MAM), the northern region registered a decreasing trend
ranging from 4 to 2 mm/year with few pockets of this areas
being significant, while the central part extending to
southern and southeastern regions observed a non-
significant increase with a magnitude of 0-2 mm/year. The
long dry season spanning through JJA indicated an in-
creasing trend of 1-2mm/year over the central parts of
district (R1, R2, and R3), while the rest of the district
indicated a reduced rainfall with a magnitude of -1-0 mm/
year. The short rainy season extending throughout the
SOND showed a general increase in rainfall with a sig-
nificantly positive trend over the central part of the district
with a Sen’s slop magnitude of 3-6 mm/year. On the
annual time scale, the southern part of the northern region
showed a nonsignificant decrease of 4-0 mm/year, while
the extreme north registered a positive trend of 0-6 mm/
year, a significant upward trend over the central part
experiencing an upward trend of 10-16 mm/year, while
the southern region extending to the central part in-
creased with a magnitude of 6-10 mm/year at a signifi-
cance level of 95% and above. The observed decreasing
trend during MAM and increasing during the SOND
season confirms the previous findings [19].
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99% (**), and 99.9% (***) significance level, respectively. JF, MAM, JJA, and SOND share the same legend.

Graphical trend analysis for different climatic zones for
different seasons and the annual time scale were analyzed
for the period of 1981 to 2021. The trend results for the
short dry season (JF) are presented in Figure 9, and those
for the long dry season (JJA) are indicated in Figure 10.
When averaged over the climatological zone, the region
one (R1) shows a decreasing trend for both dry seasons,
while a small increase was observed over the region two
(R2). However, both region three (R3) and region four (R4)
show an increase in seasonal rainfall for both short and
long dry seasons. These results suggest a general increase
during dry seasons which would have an impact on the
postharvest for the two growing seasons and would suggest
an implementation of the measures that enhance the
handling of yield and used for preparation of the

subsequent growing period. Figure 11 indicates the ob-
tained trend results for wet seasons of MAM season, while
Figure 12 shows the trend results for the SOND season. It is
clearly seen that areas located in region one (R1) show
a decreasing trend for both wet seasons, while those in
region two (R2) show a reduced magnitude during the
MAM season, while an upward slop was observed during
the SOND season. Similarly, a decrease in region three (R3)
during the MAM season and positive slope during the
SOND season, while a negative trend during MAM and
a positive trend during SOND were indicated over region
(R4). For the annual time scale (Figure 13), except for
region one (R1) which indicated a reduced trend, an in-
creased rainfall was observed in the rest of the regions with
higher increase over regions three and four (R3 and R4).
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FIGURE 9: Rainfall trend during January to February (JF) seasonal time scale for region one (R1), region two (R2), region three (R3), and
region four (R4) over the Kayonza District from 1981 to 2021.
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F1Gure 10: Rainfall trend during June to August (JJA) seasonal time scale for region one (R1), region two (R2), region three (R3), and region
four (R4) over the Kayonza District from 1981 to 2021.
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FiGure 11: Rainfall trend during March to May (MAM) seasonal time scale for region one (R1), region two (R2), region three (R3), and

region four (R4) over the Kayonza District from 1981 to 2021.
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FIGURE 12: Rainfall trend during September to December (SOND) seasonal time scale for region one (R1), region two (R2), region three

(R3), and region four (R4) over the Kayonza District from 1981 to 2021.
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FIGURE 13: Annual rainfall trend for region one (R1), region two (R2), region three (R3), and region four (R4) over the Kayonza District

from 1981 to 2021.

4. Conclusions

In this paper, we aim to explore the variability and trends
in rainfall using the coefficient of variation and a non-
parametric approach. Through the K-means clustering
technique, four near homogeneous climate zones were
found. In the past four decades, there have been significant
variations in both dry seasons. The data summary makes it
clear that the district is getting considerably less rain,
which is also distributed unevenly around the area. In
addition, it is exhibiting a declining trend, albeit a non-
significant one, especially in the northern part, while
a significant upward trend was seen in the central part
throughout the brief dry and rainy seasons as well as on an

annual time scale. Increased precipitation during SOND
and JF would be beneficial to agricultural activities, though
the postharvest period would be impacted, raising serious
concerns among environmentalists, climatologists,
farmers, policymakers, and the general public. In light of
this, the results of this study are crucial for an agrarian
economy like ours. The findings of this study are essential
for creating adequate mitigation strategies to lessen cli-
mate change’s effects on agriculture as well as other socio-
economic sectors in the district and also highlights the
need for further analysis of the extreme events and
intraseasonal characteristics as well as future projection
studies for planning and decision-making purposes aiming
at the development of the areas.
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