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Vegetation Change as an Indication of Climate Change: The
Case of Butana, Sudan

Key words: Climate Change- Floristic Composition- Albe-
do— SoilMoisture- Isohyets.
Synopsis:

As climate changes, the natural vegetation must also change,
and vise versa. Climate is always shifting and this is not, there-
fore, a new process: What is new is that much of the earth is now
a garden, with its vegetation controlled not only by natural pro-
cesses but by the design or accident impact of humanity. On the
other hand, plant is a crucial component of any ecological system.
Butana is chosen as a research area to test the research hypothe-
sis and to accomplish the research rationale, due to its both geo-
graphical location, and physical and economic eminence. Based
on this, the paper aims at finding and assessing the relationship
between shrubbery changes and climate change in Butana area,
Sudan. Such a relationship will be modeled in a form of paradigm
for different purposes.

The research is approached by an ecological contemplation.
Such an approach necessitates that both temporal (timely) and spa-
tial. It pursues an analytical method that relies mainly on prima-
ry data collected from its original sources. Such sources are sup-
plied by other secondary and tertiary sources. Secondary sources
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include official reports and statistics, maps, satellite imagery and
air photos; while tertiary sources refer mainly to both published
books and research. Climatic data are collected from metrological
stations in the research area, as well as from other official anon-of-
ficial reports. This is beside that plant and soil sampled informa-
tion are collected through fieldwork survey, and are all scrutinized
in different ways.

The Research has reached some outstanding results pertain-
ing to the following in the context of the shrubbery changes as an
indication of climate change:

4 The association between albedo and rainfall is crucial in
understanding the relationship between vegetation changes and
climate change.

¢ The association between soil moisture and rainfall, on one
hands, and between soil erosion and both plant cover and soil mois-
ture, on the other, is essential in understanding the relationship
between shrubbery changes and climate change.

¢ There is a connection between vegetation aspects changes
and isohyets changes.

Introduction:

Generally speaking, climate change means, due to the re-
searcher viewpoint, is that change which is due to man activity,
and which means quantitative and qualitative modification of cli-
mate components, i.e. rainfall, temperature, air pressure and wind
systems and air humidity. Symptoms of such a change include:

eshort winter,

elong summer,

edesertification,

ewind storms,

epolar glaciers melt, forest fires, and

erepeated climatic phenomena.
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The research area, i.e. Butana, is a savanna semi arid re-
gion that is quite liable to climatic variation. It is located between
13°35'N and 15°35°N latitudes; and 33°20E and 36°E longitudes.
It is bound by the Blue Nile, on the west, and Atbara River, on the
east, and railway line on the south (Fig. 1). Climatologically, the
area is classified as a semi-arid region on the basis of Thornswaite
formula. It is part of the Sahelian zone, that extends between lati-
tudes 12°N and 16°N, and which is typified by a savanna climate
prototype.

As nomadism is the dominant type of economy, human pres-
sure on natural vegetation is though as a main cause of fauna deg-
radation in Butana (Gordon, 2000). “Although grazing is primarily
an issue arising from the pressure of introduction of new species
to the land, overgrazing also has the potential to completely re-
move ground cover” (Alredaisy, 2011, p. 184). In other areas, hu-
man influence signifies a decrease in biomass of vegetation as a
result of collecting wood for fuel and other domestic uses. Ac-
cordingly, bush land appears to be expanding with the same trend
at the expense of richer ecosystems. Several researchers (Ayoub,
1999) blamed agricultural intensification for resulting in the loss
of natural grassland and ecosystems, as well as in substantial loss-
es in biodiversity. Then, anthropogenic impacts are mainly to be

blamed for the damage and destruction of the natural habitat in the

research area.
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Fia.(1): The Research area:
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The dominant Vegetation type is acacia trees, shrubs and
ephemeral grasses. It is composed mostly of the mimosaceane
family. It is a vegetation type that is adapted to the type of climate
that 1s dominant over the region. Also, such a type of vegetation is
expansively varied spatially according to soil type, rainfall amount
and human effects. Human effect is evident knowing that Butana
area is one of the main nomadic areas in Sudan, relying solely
on natural pasture. The last few decades trend has been inclina-
tion towards commercialization of nomadic economy. Animal is
now raised as a capital wealth, rather than for social prestige, as
it used to be. This is enhanced by inducing capitalist agriculture
in the vicinity of the nomadic economy, as in the Gezira, Rahad,
and Khashm-el-Girba irrigation schemes. This is in addition of
the growing urban centers within and by the environs of the area.
However, some speaks about growing landlordism among tenants
of these schemes (Arifi, 1978). Such a transformation surely relied
on the price to be paid by the Butana ecosystem. Alredaisy and
Zubair (2011) point to the fact that the ecosystem carrying capaci-
ty, in the research area, was adequate to support natural vegetation
up to the year 1900, when human exploitation of vegetation bal-
anced its natural growth. It seems that such a misbalance started
since then reaching its maximum by early 1970s. Although Most
of the literature discussion focuses on deterioration due to both
human pressure and climate change, yet, rainfall variability, by
that time was the engine that has been driving such an ecological
disequilibrium. This is why vegetation Change is considered as a
salient indication of Climate Change in the research area.

Generally, vegetation change happens due to one or both of
two reasons: either failure of adaptation or extinction. Regarding
the first reason, and as the savanna is the ecoregion of the aca-
cia type of vegetation, generally adaptation depends on rainfall
amount, temperature, topography and soil type. Actually, all these
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adaptation factors are intermingled. This means that change of
either of them is reflected on the others. In Butana, ephemeral
grasses and short-lived shrubs, together with acacias are dominant.
They are truly adapted to both astronomical and physical locations
of the Butana region. Usually, this vegetation grows within the
range of 200-600 mm amount of rainfall, with different means and
procedures of adaptations. They have tailored to climatic changes,
especially rainfall variability and change. Indicators and vectors
of such an adaptation lies on small, spiny leaves, with waxy, and
other, strata to help them reducing evapotranspiration and excess
sun heat. Other means of adaptation include contorted trunks, to
reduce water loss, and intense and extensive root system to obtain
and soak up as much water from soil as possible. Then the mode
and strategy of adaptation are a good and salient indicator of the
relationship between Vegetation Change and climate Change in
Butana area.

Albedo

Rainfall amount in any area is bound by all astronomical,
geographical and geomorphologic locations. But in all these cases,
earth albedo in the area, as determined mostly by land cover, is a
crucial factor that determines both incidence and intensity of rain-
fall. The term albedo (Latin for white) is commonly used to apply
to the overall average reflection coefficient of an object. An ideal
white body has an albedo of 100% and an ideal black body has an
albedo of 0%. The albedo of a body or surface is the ratio of re-
flected radiation to incident radiation. This ratio depends on many
factors. In general, the earth’s surface reflects only a small part of
incident radiation. But plants can vary their reflectivity: For exam-
ple, the albedo of the Earth is 0.39 (Kaufmann and this affects the
equilibrium temperature of the Earth. Also, as the vegetation of the
planet changes, so does the albedo. When it is said that albedo is
determined by land cover, this pertains mostly to the type of veg-
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etation and ecosystem. The unrefined connection between rainfall
incidence and albedo is manifested in that the higher the albedo of
the area, the lower the amount of rainfall is expected. Usually the
albedo of an area indicates higher temperature in the troposphere.
Such a high temperature retards vapour condensation in the atmo-
sphere, which, in turn, retards cloud formation and precipitation.
As dim surface tends to absorb heat, it then controls albedo; and
vise versa for lighter surface. Then, in the case of dim surface,
e.g. forests, it is expected to have more precipitation than in light
surface, e.g., deserts. The analogy here is that the more vegetation
covering the earth surface, the more precipitation to be expect-
ed, and vise versa: As heavy rainfall causes dense vegetation, also
denser vegetation is a crucial factor of heavier rainfall.

Fig. 2): The Albedo of the  world

Albedo (%)
Soil moisture is a very good indication of plant cover density in
any area.

It is understood that, generally, rainfall is a result of sun’s
energy transferred to ocean surface water to be evaporated and
enter the atmosphere as a gas, i.e. water vapour. When it loses this
energy, it falls to earth surface in a form of precipitation. Added
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to ocean source of water vapour is the evapotranspiration from
the biomass. This last source plays a crucial role in the hydro-
logical cycle enhancing fresh water being perpetual on the earth
planet through precipitation. It is intended here to raise the role
of Vegetation in this cycle. Actually, an intermingled quadruple
relationship to be analyzed in this regard: rainfall, soil moisture,

vegetation and albedo (Fig.3).
Fig. 3: A Quadruple Relationship among Rainfall, . Soil Moisture,
Vegetation and Albedo

RAINFALL

evapotranspiration

[
—
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OURCE: The Research Theoretical Setting.

SOURCE: The Research Theoretical Setting.

Such a relationship is manifested, within the framework of
the research problem, in that rainfall, a main element of the cli-
mate, is controlled, at least partially, by vegetation cover. Such a
control is understood from the viewpoint that albedo is controlled
by the vegetation cover of the area through controlling earth sur-
face reflectivity, while albedo controls vapour condensation and,
consequently, cloud formation, through controlling upper tropo-
sphere temperature.
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Methods and Data Sources:

A generalized framework of the research methodology is out-
lined in Fig. (4): A regional, analytical approach has been followed
in the analysis of the collected data. Both the topic and area of the
research nictitates an intensive fieldwork to collect the appropri-
ate data. After Clarke (1954), Hills (1966), and Walton (1979),
the researcher has to classify, in the first instance, the vegetation
cover into different classes: succulent perennials, non-succulent
perennials, and evergreen. In the second instance, the research
area has to be classified into sub-regions, i.e. zones, mainly, in
correspondence with the isohyets, together with other geograph-
ical and ecological features (Fig.5). Also, all the plant density,
frequency, abundance and coverage are counted up and construed
for the sake of assessing change. At the same time, climatic data,
especially rainfall data, are analyzed and interpreted. Both botani-
cal and climatic data are put into synthesis to attain the main goal
of the research: Vegetation Change as an Indication of Climate
Change. This necessitates that the plant condition, to be surveyed
also. Accordingly, field observation involves deducting symptoms
of certain soil components deficiency, or otherwise superfluous,
syndrome on plant. As such, main fieldwork job has been to:

emeasure macronutrients from air and water to plant.

®assess micronutrients from soil to plant.

ededuce symptoms of certain soil components deficiency, or
otherwise superfluous, syndrome on plant.

equantify and assess plant productivity per land unit.
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Fig. 4: The General Research Methods

The Research Methods
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SECONDARY SOURCES: Reports, Maps, RS, Air photography ...etc

TERTIARY SOURCES: Published Books.

Accordingly, the research main foci would be:
1. Plant change by zone through time.
2. Climate change, as indicated by rainfall amount change.
3. The effect of climate change on plant change and vise versa.
Other factors that enhance the process of plant and vegetation
change in the area.
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Analysis:

Rainfall effect on vegetation is threefold: type, density and
diversity. In case of type, it is well known that the more the amount
of rain the less dominant is the acacia of tree, and vise versa. In the
case of density, the more the amount of rainfall, the more dense
1s vegetation cover, and vise versa. Also, rainfall affects natural
diversity in the sense that the more amount of rainfall the more
diverse is the plant cover, and vise versa.

On the other hand, vegetation cover affects rainfall incidence
and amount, as elaborated above. Such a bilateral relationship is
the theoretical setting on which the discussion is built.

Fig. 5: Dominance of Vegetation in the Research area Zones
by Type During Wet Years

KEY:

I : EverGreen

I1: Perennial Most Succulent
II1: Moist Succulent

IV : Non-Succulent

V' Annuals

_-= Isohyets

Kxm 100

Source: Fieldwork data. and others
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Table (1): Sample of The Most Dominant Type of Vegeta-

tion in Each Zone as in Fig.4:

Zone Type 1: Ever | Type 2: Type 3: Type
Green Succulent | Annuals 4:Grass
Samur: 4. Sunut: A. | Haraz: A.al- | Bous: D.
| s i :
tortillis nilotica bida glaucum
Taleh Haraz:4. | Hashab. 4. SanaMec-
I ca: C.
A.seyal albeda seyal
senna
I Sarah: Laaot:4. | Sydir: Z.S. | Gao: Aris-
M.crassifolia nobica Christi tida spp.
Ushar: C. | Higlig:B. | Tundub: ¢, | uskamet:
v e EHE- 5. .| C. catharti-
procera aegyptiaca | deciduas cus
v Ushar: Draisa: 7.
C.procera terrestris

Source: Fieldwork Data, and Others.
Table (2): Type of vegetation in each zone by Size (%
From Sample) as in Fig.4

Zone | G | Sucelont | Awmuals | T¥PE4:Grass
1 29.3 29.8 12.8 28.1
I 16.2 34.5 217 27.6
e 15.7 28.6 18.2 37.5
v 11.6 27.1 21.7 39.6
v - - 32.4 67.6
500 72.8 120 106.8 200.4

Source: Fieldwork Data, and Others.

02021 (uylo - 21422 Sl - dyy90 - I dusl] dukedlly dedl o] Slulyall pplal) dloxe



A.D. Awad Ibrahim Abdel Rahman El-hafia

Table (3): Type of vegetation in each zone by Size (%
From Sample) as in Fig.4

Zone Type 1: Ever Type 2: Type 3: Type
Green Succulent Annuals 4:Grass
I 29.3 29.8 12.8 28.1
11 16.2 34.5 21.7 27.6
I 15.7 28.6 18.2 37.5
v 11.6 27.1 21.7 39.6
\% -- -- 324 67.6
500 72.8 120 106.8 200.4
Source: Fieldwork Data, and Others.
Results:

The attribute of each vegetation type is subtracted from its
natural ecosystem, part of which is rainfall amount. Dominant
vegetation type in each zone of the research area (Table 1) clearly
proves this fact. It is to say that:

1. In zone I, which is the most wet zone, composition of
natural vegetation is as follows:

eSucculent is the most dominant type of vegetation (29.8 %),
followed by Ever Green trees (29.3 %).

® Annuals are the least dominant type of vegetation (12.8 %),
followed by Grasses (28.1 %).

2. Such a composition goes in an opposite sequence in
other zones. This is a clear evidence of some relationship between
rainfall amount (being wet zone) and vegetation.

3. Annuals are the most dominant type of tree in all
zones, although at different percentages.

4, Both ever green and succulent types of tree are now
absent in two zones. Evidence proves existence in some earlier
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times. Plant extinction or climate change could be a reason for
non-existence in these two zones.

5. Grass is the most dominant type of vegetation in the
whole research area , pointing to high ecological vulnerability.

When correlating these facts with isohyets, it is clear that
there is a positive correlation: the higher the density of vegetation
cover the higher the amount of rainfall in a zone.

Discussion:

To start the discussion, it is worth mentioning that the UN
Convection to Combat Desertification-UNCCD, 1992, defined de-
sertification as “Degradation of land in arid, semi-arid and dry
sub-humid areas. Desertification occurs in arid, semi-arid and dry
sub-humid areas, where the soils are especially fragile, vegetation

is sparse and the climate particularly unforgiving”.

Such a connection between land degradation and both cli-
mate and vegetation notifies the research main theme: vegetation
change as an indication of climate change. Then, effect of plant on
climate could be understood through the following:

¢ Controlling Co,

emanaging Albedo

eboosting or otherwise, diminishing pollution

eHumidity (water vapour in the troposphere).

As such, vegetation cover change restrains or, otherwise, re-
duces rainfall amount in the area through controlling albedo, both
at the levels of micro and macro climates. At this juncture, it is bet-

ter to view this point at the level of the whole research area stem-

ming from spatial reduction of rainfall at local levels. L.e. in-situ.
Both UNEP and WMO (2004)view the climate change indicators
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as follows:

» Higher temperature, waves of higher temperature and more hot
days.

» More dry days during summer —rainy season- and conquest
droughts.

» Severe drought incidences.

» More summer storms and floods, especially under Nino effect.

» Besides, rainfall change in the research area is noticed through

rainfall variability, as shown in Fig. (6):
Fig.6: Change Of Rainfall Regime In The Research area
During Two Periods: 1920-1970/ 1971-2010
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E == aapa» —370
SOURcrmrologlcal Authority, Different Years, Khartoum.
SOURCE: Fieldwork Data, and Metrological Authority, Dif-
ferent Years, Khartoum.
It is worth mentioning that the main causes of Vegetation
Change are:

I- Natural vegetation distinction due to man mal-use, such as
overgrazing. The main consequence is soil decline, which
means more natural vegetation deterioration.

2- Wood cutting and deforestation. The repercussion of this
action is twofold: First, increase of albedo, which means
less rainfall. Second, increase of wind speed leading to soil
decline due mainly to erosion.

3- Over-cultivation that leads to macro and micro climate
changes which, in turn, disturbs the ecosystem of the area
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due to which natural vegetation is first to be negatively affected.
4- Some natural factors, such as the water surface runoff al-
teration, due to hydrological change, which in turn, affect
both soil moisture and aquifer recharge. The result is natu-
ral vegetation deterioration.
5- Regional climate change as a result of some changes at the
vicinity of the research area .
All these factors lead to a salient change in the whole natural
ecosystem of the research area . Indicators of such a change are:
1. Rainfall Regime alteration: This is evident through:
a-Less Rainy Days in the area: This is an initial ev-
idence of Rainfall Regime alteration in the area. Fig. (7)
illustrates this through informing average rainy months in
some main centers.
The Average number of rainy months (duration of the
rainy season), as shown in Fig.7, indicates between 1.45%
and 1.6% reduction, due to change pertained to Vegetation
Change in the research area .

b- Alteration of Rainy Season Commencement

and End: Any Negative alteration in either commencement
of end of the rainy season in any area, has risky consequenc-
es in the whole ecosystem. Hulme and Tosdevin (1989,
p.183) justified that by “... rainfall reliability in mid-to-late
season has decreased ...”. Then, such an alternation of the
rainy season has risky consequences in the whole ecosystem
of the area, part of which is the natural vegetation cover,
which in turn has its negative effect on the rainfall regime.
Fig. (8) illustrates such an alternation:
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—_— > —_—— = ——
Fig. (8) Alteration of Rainy Season Commencement and End:
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Source: Local Metrological Stations in the Study area.

c-Reduced Rainfall Amount: The change in annual amount
of rainfall that to less precipitation in one main indicator of
climate change in the research area . More than that, it found
that the amount of precipitation per one storm is reduced by
75% in some cases, according to (Gyungsoo, 2011, p. 19).
This is also an indication of reduced annual rainfall amount
in the research area . Table (), below, informs a projected
change in some surveyed villages in the research area .
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Table (4): A Projected Rainfall Change in Some Sur-

veyed Villages.

Village (Sta- 1920- 1971- Change | Change

o) 1970 2010 i) (%)
(mm) (mm)

Wad-Nadi 191 98 93 48.7
Um-Shanig 175 104 71 40.6
Kumur 178 109 69 38.6
Umm Tanieg 159 115 44 27.7
El-Fula 229 176 53 23.1
W.Shamu’n 260 206 54 20.8
G.Ahamda 294 249 45 15.3
Um-Akash 335 293 42 12.5
Tragma 321 304 17 05.3
E.Tnaib 413 398 15 03.6
Idd-el-Kahli 411 398 13 03.2
Wad-Khabir 424 400 24 05.7
Idd-el-Haj 416 400 16 03.9
Average 292.8 250.0 42.8 19.2

Source: Local Metrological Stations in the Research area ,
and Other Sources.

Also, Fig. (9) shows the 400 mm annual isohyets changing
position in the research area through different Sudan climatic ep-
ochs. Such a change also indicates less amount of precipitation,
which also points to climate change in the research area . This is
clear by the creeping position to south, which means less amount
of rainfall in the areas north of this isohyet line.
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Fig. (9):The 400 mm Annual Isohyets Changing Position:
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Source: Abdel-Rahman, 1996, p. 95, and other sources.

d- Rainfall Variability: It a phenomenon that
tells non-stable climatic conditions. Climatic non-stability is
always a pointer to climatic change, according to (Oduro-af-
riyi, 1989, p. 189). The, it also could be taken as an evidence
of climatic change in the research area . However, Fig.(10)
illustrates this rainfall variability in the research area .

400

300 T \----- PAYNSS AN ST Rainfall
200 \_/ N - - - -Average

100

2- Daily and Monthly Average Temperature Increase:

No doubt that a temperature change is associated with change
in all other climatic element in any area. (Nisbet, 1991, p 47).
Also, on the other hand, temperature change in any area is highly
associated with change in the vegetation cover. During the field-
work, it is found that temperature change in the research area is
twofold: First: The average temperature Change: Second: Tem-
perature Range change: Both minimum and maximum have been
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changed. It is found that this change increasing towards northern
part of the research area . Average temperature increase is calcu-
lated to be between 0.3°c in the vicinity of Um-Shanig village and
about 0.04°c in Wad-Khabir village. Temperature increase in the
area is also supported by Mohamed, Alredaisy and Zubair (2011)
study. On the other hand, temperature range has increased by be-
tween 2°c in the north and 1.2°c in the south. Such changes in the
temperature indicate a climate change in the research area . It is a
change that moves stealthily from northern towards southern parts
of the research area being enhanced by Vegetation Change, as a
main factor.

3- Wind Speed Increase: Several climatic and ecological
studies (Jacobeit, 1988; Hulme and Tosdevin, 1989; and Mohamed,
Alredaisy and Zubair (2011) confirm Wind Speed Increase in the
research area . Such an increase is quite probable under the effect
plant cover change both in density and type. Analyzed collected
meteorological data provide evidence that the average wind speed
was 4,4 m/second in may —the driest month- during the period
1921-1970. This average has increased to 6.1 m/second during the
period 1971-2010 , i.e. by(38.6%). It is important to put in mind
that wind blows in may from north to south and it is mostly dry.
This is to say that ecological negative effects are quite probable.
However, increasing speed of northerly wind has the following
indicators:

1. The increasing speed of this wind means a decreasing
natural plant cover either in area and density, especially trees and
shrubbery, which could have reduced this wind speed.

2. This wind blows from a desert area. It able, with the
help of its load of sand particles, to:

a- Enhance soil erosion, adding more pressure on the
already fragile ecosystem, even making the area vulnerable to de-
sertification.
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b- and creating, as a consequence, a sort of vicious cir-
cle where plant cover deteriorates leading to more wind speed that
deteriorates the ecosystem ... and so on.

4- Changes of Plant Phonological Aspects: Temperature
increase has the following negative phonological or agronomical
effects (Benson and Clay, 1994, p.27):

1. Length high temperature (>35°c) per day leads to seeds
shrinkage or contraction. This means a decreasing yield

per plant.

2. Retarded flowering and enhancing drying aspects of plant
foliage.

3. retarding normal photosynthesis and chlorophyll making
process.

4.  Losing of plant rudiment.
5. The indirect negative effect through a deteriorating soil
Pedological aspects, and invasion of exotic species.
The dilemma of all these changes has led to what could be an
ecosystem vicious circle in the research area . It is illustrated in the
following paradigm (Fig. 10):
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Fig. 10: The Relationship between Vegetabon Chengs and Climats Chenge: A Paradign:
Factors of Uenetation Ghanne
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4. hydrological change.
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Such a relationship between Vegetation Change and Climate

Change could also be manifested in Table (5) below:
Table (5): The Relationship between Vegetation Change and

Climate Change Consequences.

Vegetation Change | Consequents Cli- Renercussions
Aspects mate Change P
Reduced Plant Affected Albedo Soil Erosion
cover
Ever green Re- Rainfall Regime .
treat Alteration Lost Top Soil
Meager Floristic Lower Rainfall .
. Loose Soil
Composition Amount
Annuals type su- | Rainfall Variabil- | Declined Land Natu-
premacy ity ral Qualities
Succulent type iyt S Deterlorated'Land C.
supremacy Capacity
Shift of Ecological | Lower Soil Mois- Diasibtisd BevsyGai
Zone. ture
Impeded Phono- | Higher Tempera- Agro-ecological
logical Aspects ture Zone Shift
Retarded normal Higher wind Desertification As-
photosynthesis Speed pects

N.B: Not to compare information in one row Simultaneously.

The outcome of all that illustrated in the Table is some sort of
a vicious circle where mutual negative effects between vegetation
change and climate change. This means that there is a theoretical
positive correlation between density of plant cover and perma-
nence of climate in the research area. This is to say that unchanged
natural vegetation cover mean unchanged climatic elements, i.e.,
temperature, rainfall, wind speed, and others.
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Conclusions:

The example cited by the researcher as of the research area is to
prove some close relationship between natural plant cover, whether
in density, Floristic Composition or type, on one hand, and climate
permanence, on the other, is evident. Butana area is one of the most
ecologically fragile regions of Sudan. Then, it is mostly appropriate
to apply the thesis of this research. Also, the topic of the research
worth studying, due to its high importance. Both the problems of
increasing Co, in the earth’s atmosphere and global warming are
two hot issues among academicians and researchers of the world,
although with various viewpoints and with different approaches
of undertaking. However, plant cover, especially terrestrial natural
vegetation, is common among all these different view points.

This research, is not an exception regarding its topic. But
what makes it a pioneer study is that it reverses others’ viewpoints
in dealing with the effect of vegetation change on climate change,
and not vise versa. Also, the coincidence between researched area
and the topic of the research and the synthetical approach followed
in the interpretation of the collected data are two standpoints that
make it an unsullied topic. This is plus some salient results as an
outcome of this research:

1. Mutual negative effects between vegetation change and
climate change. Changing vegetation cover leads to cli-
mate change and vise versa.

2. There is a triple close relationship among vegetation cov-
er, albedo and precipitation. Such a bond clarifies the cor-
relation between vegetation, i.e., natural plant cover, and
rainfall in an area. Also, other relationships are important:
A relationship between soil moisture and rainfall and be-
tween soil erosion and both plant cover and soil moisture.
Based on this crucial fact, the research has progressed an-
alyzing its problem.
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3. egetation change in the study area is a proved fact. Causes of
this change are various, and they are both natural and human:

« Vegetation distinction due to man mal-use.

« Wood cutting and deforestation.

e Over-cultivation that leads to macro and micro climate
changes which, in turn, disturbs the ecosystem of the area due to
which natural vegetation is first to be negatively affected.

« Some natural factors, such as the water surface runoff alter-
ation, due to hydrological change.

e Regional climate change

4.Climate change in the research area is proved and mea-
sured through some of its elements change, such as:

o Less Rainy Days in the area.

« Rainfall Regime alteration.

o Alteration of Rainy Season Commencement and End.

e Reduced Rainfall Amount.

« Rainfall Variability.

e Daily and Monthly Average Temperature Increase.

« Wind Speed Increase

5.As such, vegetation cover change indicating climate change
1s viewed in the context that it restrains or, otherwise, reduces rain-
fall amount in the area through controlling albedo, both at the lev-
els of micro and macro climates. At this juncture, it is better to
view this point at the level of the whole research area stemming
from spatial reduction of rainfall at local levels. 1.e. in-situ; and al-
teration of both average temperature and wind speed. All rainfall,
temperature and wind are main climatic elements that obviously
testimony climate change in any area.

6.Climate change, as indicated by vegetation change, is not
just a phenomenon that is research worth, but, rather, it is a serious
hazard that should attract the attention of both researchers and de-

cision-makers in any country.
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