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Abstract

Eritrea is located in the semi-arid region of Sudth8ran Horn of Africa. The harsh climatic conditgn
human induced and natural calamities, the geogregihlocation and low adaptive capacity render
Eritrea vulnerable to the adverse effects of clieneltange. It is being frequently affected by drowugta
erratic pattern of rainfall. The climate is becogimore and more unpredictable and hence negatively
affecting agricultural production. The central highd where the study area is located is reflectedhie
temporal and spatial variation of temperature arainfall. The research was conducted by providing
questionnaire to the farmers in three represenéativillages of AdiKontsi from sub zobaBerik,
EmbaDerho from sub zobaSerejeka and Abaerdae fudnzsba Gala Nefhi to represent ZobaMaekel
which is centrally located, and interestingly atbawithin ten kilometres from the capital city cfmara.
This paper therefore analyzes the farmer's perogpif climate change, which has been classified
according to their level of education. To satisfg bbjective the statistical method of gamma tesbn-
parametric test has been used through which it een tried to assess if the perceptions of climate
change according to educational attainment is aisted significantly. The measure of associatiothef
Gamma test indicates that the understanding and-ewess of the farmers tend to increase as theéllev
of education increases. Even though in some instatite experience of the farmers could be taken int
account, but educated farmers seem more likelyntterstand climate change than those with informal
education. There have been varied responses orcdhbees of climate change, and the decline in
agricultural productivity. The farmershave showndegess to change their cropping pattern and adapt t
the current climatic situation, which indicates ithawareness about climate change and readiness for
adaptation strategies.
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Introduction:

Climate change and climate variability are alreddywing serious impacts in Africa.
Although Africa has not contributed in a signifitaway to the build of greenhouse gas
emissions in the atmosphere, it is anticipated @hgiven change in climate will result in more
adverse socio-economic impacts in Africa than meofparts of the world. Africa is particularly
vulnerable to climate change because of it's ovepetidence on rain-fed agriculture,
compounded by factors such as widespread povertly veeak capacity. The agricultural
production of East Africa in general and Eritregparticular has been greatly affected. This is
because most of the developing countries like &aitdepend heavily on rain-fed agriculture.
Although Eritrea has a tropical climate, the easterwlands are extremely dry where as the
western lowland is semiarid area which is beinduariced by the expansion of the Sahara
desert. The government's isolationist food strategg adopted before the impact of climate
change on Africa had reached its current high stbtdert. Eritrea is potentially one of the most
vulnerable countries in the continent, as is mddardn the National Adaptation Programme of
Action (NAPA) published in 2007.
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The prospect of increased variability in rainfaditierns, more frequent drought, and rising sea
levels (Eritrea has many low-lying islands) actimg a primitive system of agriculture surely
calls for more fundamental investment than the ssigfpbasic good practice identified in the
NAPA report.

Unusually, the science of climate modeling is ugatol provide helpful projections for
these changing weather patterns in Eritrea. Entfaamers use a variety of irrigation methods
ranging from drip to pipe and sprinkler and religgty adhere to the agreed irrigation schedule in
order to cope with this aridity. Even though tlaenfers of ZobaMaekel introduced different
adaptation mechanisms they still face a food sgcproblem. Climate change has diversified
impact, however, its destructive impact is on agtize in which farmers are targeted first. This
research paper intends to discuss the attitudeaadeness of farmers to climate change, and its
effect on agricultural production. It also examind® policy measures and adaptation
mechanism taken to cope with climate change.lresyitheir low level of education most of the
Eritrean farmers felt and noticed the existencthefclimate change without knowing the factors
that causes it. Even though farmers suffer frormatic change, they do not have ample
knowledge in adapting to this problem. It is agrdeat farmers' comprehensive understanding of
the ongoing climatic change is crucial in tacklthg problem through different mechanisms.

Study Area and Method:

The diversified natural features of the country dnagsulted in the growth of various
kinds of cropping patterns pertaining to the priwgiclimatic conditions. Zoba Maekel is one of
the six zobas of Eritrea which is centrally locateldere the capital of the country is and it is
bordered with Anseba, Semenawi Keihbahri, Gash-#arid Debub zones. It has a total area of
107,907.8 hectare of which 54,448 hectare is fmitntial area for agriculture, from this 33,000
hectare is cultivated through rain fed cropping(B@@ctare is cultivated using irrigation system
and the rest is for grazing, forest plantation etc.

Its altitude ranges from 1600 meter above sea levi@ch is Dirfo up to 2,610m above
sea level that is Zagger. The rainy season is flanme to August, but also little rain showers
during spring season. Moreover frost occurs betw@etober and February. Mean annual rain
fall is 415.4 mm; maximum rain fall is 715 mm regded in 1994 and the minimum annual
rainfall is 194mm recorded in 1996. The mean anmtewperature of this zone is 15°C, with
25.5C maximum annual temperature and 4.3 © C minimunuantemperatures. ZobaMaekel
has 89 villages administered by 59 administratiigsywith 114,627 number of house hold with
a total population of 518,412 of whom 27% are eegag agriculture, 23% in trade and services
18% in manufacturing and handicraft, 7.5% in csglvice and24%as casual labor. So it has its
own importance in relation to trade and commerecethe central highlands. The farmers here
practice mixed farming in which growing of cropsdaherding of animals is the major
occupation. The crops grown are cereals which ¢o sastaining the farmers’ family and its
proximity to the urban center have promoted botetable and dairy farming.

Eritrea like other parts of the world is under g of climate change. Successive
drought and unreliable rainfall is prevailing iretbountry. This has led to decreasing agricultural
production in different parts of the country asdewiced by chronic food shortage. The rainy
season in Eritrea in general and in the highlamdgarticular is shrinking and farmers are
continuously losing their long-term crops, whiclkdaa maturity period of around six months.
The paper tries to deal with the aforementionedbleras by making special emphasis to
ZobaMaekel. The paper depends on relevant infoomatiollected from both primary and
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secondary sources. The primary sources encompassical observation of the field and
responses based on questionnaires. A strucuredianeese with open and closed questions was
forwarded to the farmers. The questionnaire wasdaoded to 55 farmers having different levels
of education. This was conducted in three represest vilages of ZobaMaekel. AdiKontsi
from sub ZobaBerik, EmbaDerho from sub ZobaSeregjakd Abaerdae from sub Zoba Gala
Nefhi was chosen to represent the Zoba.

There were somdémitations which hindered the successful completion of thedystu
First, there are no meteorological stations in ZobaMaekeépt the one at Asmara in collecting
the temperature and rainfall data recd@@dcondthe data which was provided by some officials
were not satisfactory, but we have analyzed it mling to the existing data. Related to this some
officials were not ready to give some essentiahdBixample could be cited the department of
Limaat in the introduction of new seedghird, the sample size that has been taken from the
three villages of ZobaMaekel was small, so it caudtl be used as a representative of the whole
population. But yet it could give ample picture tbis Zoba. As a pioneering work lack of
literature on the topic plays its own role in limg the study.

Eritrea being in the Sahelian region of Africajsitfrequently affected by drought and
erratic pattern of rainfall. The climate is becogmimore and more unpredictable and hence
negatively affecting agricultural production AndlZeMaekel is not free from such effect. The
central highlands of Eritrea in which ZobaMaekelldsated has an altitude of over 1500 m,
receiving an average annual rainfall of 500 mm @i#n and a growing period of crops ranging
from 90 t0130 days. The effect of climate changéabaMaekel is reflected by the temporal and
spatial variation of temperature and rainfall. Tenedimatic variations have a significant
influence on the people's activities including $iteck raising, crop production, forestry,
horticulture etc.

It is generally accepted that the element of clevaae the most important variables which
play a vital role in agricultural production, evetmough technological advances and
improvements in forecasting have made some posailjlestments in planting and harvesting
schedule. The two most influential elements of alien on agriculture are rainfall and
temperature.

Rainfall:

In general speaking rainfall is one of the majetedmining factors for the success or
failure of agriculture. Especially this is evident countries like Eritrea, where agriculture is
mostly dependent on rainfall. Although the totaloamt of rainfall received each year seem to be
sufficient for crop production (400 to 6000mm), mparts of Eritrea indeed suffer from chronic
droughts over the years. The problem being thatrdives are erratic and unpredictable. More
over there are also moments when the rain fait®toe in time and sometimes are late resulting
in the destruction of mature crops. This was wieesin 1997 which was the El Nino year and
the rains failed to occur in time, which in turnusad a lot of destruction. Historic
meteorological records reveal that the frequencgrotights has increased during the past forty
years. Eritrea has faced serious recurrent droughts1905-1915; from1939-1945; from1965-
1978 and 1984&1985, 1989&1991and 2002, 2008 & ZIMdes the availability of optimum
rainfall is a necessary condition for the succdssgacultural productivity. But, excess moisture
in the soil can have an adverse effect on agriceilis free movement of oxygen is blocked and
compounds which are toxic to the plant roots cafobmed. The scarcity of moisture can also
lead to plant wilting and dying.
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Table I:The Seasonal Rainfall of Asmara for Springand Summer verses Crop Production

Year Spring rainfall (mm) Summer rainfal Production in ton
(mm)

1992 10.6 286.5 21,000
1994 20 239 24,429
1996 42 147 9,559
1998 109.3 396.9 39,244
2000 100.9 366 23,090
2002 11.8 267.6 2,817
2004 61.4 184.2 6,089
2006 110 366.4 35,544
2008 86.4 154.7 3,170

Source: Department of Meteorology and Ministry gfiéulture

From (table l)a strong positive correlation cansben between the amount of spring and
summer rainfall as well as crop production. Fotanse the years 1998 and 2006 shows high
crop production where there is high spring and semrain fall. Whereas the years 2002 and
2008 recorded the lowest as both the spring andr&rmainfall was not sufficient to support
proper crop production.

Furthermore; the table shows that the occurrentepring without summer rainfall and
vice versa have negative influence on the proditgtof crops. For example in the year 2008
there was abundant spring rainfall but failure winsner rainfall resulted in the decline of crop
productivity. Inaddition, the distribution of rairyays and area coverage in the region has its
own effect on crop production.

Temperature:

Temperature too plays a significant role in thedpiaivity of agriculture. All crops have

minimal, optimum and maximum temperature limitatitor each of their stage of growth.
Generally speaking, a high temperature is not agrutdive as a low temperature, if moisture
supply is sufficient to prevent wilting.

High temperature can causen scaledan injury caused by high radiation which leads to
high evapotranspiration that can lead to plant ghouThe mean minimum and mean maximum
temperature of Asmara has been analyzed becausefribe areas in ZobaMaekel have similar
altitude. The month of January and July have beed to analyze the temperature trend between
1992 and 2009. These months are selected becaysshbw extreme temperature conditions of
the year.
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From the (fig:1) the month of January a generaldase of temperature from 22°C from
1992 to 24.3°C in 2008 could be observed. SimilJaHg mean maximum temperature in July
escalates from 22°C in 1992 to 23.3°C in 2008. mkan maximum temperature of January and
July show similar trend because the constant cloader of July reduce its maximum
temperature by reflecting back most of the inconradiation. Thus from the above graph a
general increase of temperature has been observed.
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The occurrence of low temperature has also farthieg impact on plant growth because
plant growth stops when temperature falls below.6P8e mean minimum temperature of
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Asmara in January has risen from 4.2°C in 199286(%in 2008.Similarly, the mean minimum
temperature of July shows an increase from 12.42892 to 12.7°C in 2008. From the (fig:2) it
is evident that,the mean minimum temperature of dodl January show great variation because
the cloud cover in the month of July prevent heas|through re-radiation.Thus a change in
either rainfall or temperature can adversely affeetagricultural production.

The Impact of Climate Change:

Although global climate change is one of the mosbalable issues today, the
understanding people have about it varies. For soeople it may mean more rains, floods and
disasters. For people living in Eritrea, climatampe is related to shortage of rainfall, extended
rainy seasons, or late rains those results in deetebiomass production, yield loss, livestock
death and therefore famine. In ZobaMaekel, as fesnieavily depend on rain fed agriculture;
they are adversely affected by climate change. Qvé¥o of the total population in ZobaMaekel
make their livelihood from mixed farming. These momic activities have been influenced by
variation in elements of climate especially tempgaeand rainfall. So their changing impact on
crop production is illustrated as follows.

Crop Production:
Climatic variations have both direct and indireffeet on both rain-fed and irrigated
crops.

Crop production from 1992 to 2008 in tonnes
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— B sorghum
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sl L,
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Fig:3

The common crops grown in ZobaMaekel in order efrtproportion are barley, wheat,
maize, sorghum, millet, taff, pea, and lentils. Motthese crops depend on rainfall since the
climate change cause decline of rainfall from yeayear, the production of crops also decreased
(fig:3). Production of sorghum shows a decline frd@90 tonnes in 1992 to 235 tonnes in 2008.
Likewise, maize production decreased from 1700 ¢snn 1992 to 120 tonnes in 2008.0n the
other hand, the production of barley and wheat shawlight increase because the land which
was previously used to cultivate sorghum and maigee shifted to produce barley and wheat.
This shift in land cover has taken place due touheeliability of spring rainfall, which has
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become very scarce in some years (tablel), andtismough to support either sorghum or maize
in the dry periods. The other years show altereatise and fall of crop production. This means
there are alternative 2 to 3 successive rise aymtion and 2 to 3 successive fall of production.
This is because Eritrea is located in the regiorr@lirought occurs every 2 to 4 years.

Farmers’ Perception to Patterns of Climate change

FARMERS PERCEPTION

120 -
100
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m Mo
Heutral

Percentage
o B 883 ¢¥

Rairfall Change
Temperature Change

Bgricultural Production Decreased
Belisve on Metereological Prediction

Fig:5

As the bar graph shows, overwhelmingly 94.5 % & farmers admitted change in
temperature. Similarly, 87.2 % of the responderd8cad abrupt change in rainfall over the
years. Over 94 % of the respondents replied thet #ygricultural production showed substantial
reduction. Therefore, the decreased agriculturatlpetion is directly related to the change in
rainfall and temperature which are the main indicatof climate change. Thus the bar graph
illustrates that the farmers have clear understandif climate change. Even though there is
controversy on the causes. That is why a smallemage (14.5 %) of the respondents believes
in meteorological prediction.

What Type of Farmers Perceive Climate Change?

To answer the questions regarding which types ohéas perceive climate change,
farmers’ perceptions of climate change have beassifled according to their level of education.
For this level of education we distinguish fourssas.

1. No formal education
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2. 1-8" grade education
3. 6" -9" grade education and
4. 10" -12" grade education

Using the Gamma Test, a non parametric test, wesas$ the perceptions of climate
change according to educational attainment is &sgsalcsignificantly.

Measuring of association is a statistics that shbe direction and/or magnitude of
relationship between pairs of discrete variableam@a is a symmetric PRE (Proportionate
Reduction Error) measure of association; thathis,same Gamma value is obtained whether the
first variable predicts the second variable or wieesa.

Gamma measures strength of association betweengdarrdered variables such as those
displayed in the following tables. Its calculaticequires systematically evaluating all pairs of
observation in a cross tabulation, counting thaltoumber that are untied concordant pairs and
the total number that are untied discordant pa\rgair of observation is concordant if the
subject which is higher on one variable is alsohbigon the other variable. A pair of
observations is discordant if the subject whicligher on one variable is lower on the other.
Most ordinal measures of association refer in sarag to Nc-Nd. A positive difference for Nc-
Nd occurs when Nc>Nd and indicates a positive aggon, since concordant pair are more
common than the discordant pairs. A negative difiee reflects a negative association. In order
to avoid the influence of large sample size weldate gamma as follows;

G= (2)

Where, G- Gamma

Nc-number of concordant pairs

Nd-number of discordant pairs

The formula clearly showsgamma’s PRE character. When Nc=Nd, prediction ibetter than
chance and gamma equals zero (there is no assogiati

Properties of gamma,;

The value of gamma falls between -1 and +1.

The sign (¥ of gamma indicates whether the association igipesr negative.

The magnitude of gamma indicates the strengthswcation.

The population parameter that gamma estimatesbeldd ¥’. If we have a simple random
sample of cases, the sampling distribution of garap@oaches normality as number of samples
became large (50 or more). The test statisticppsaximated by

Z=(G-y)

(2) Where Z-is population estimates

y-the population value of gamma under null hypothesi

N-number of samples

We illustrate this with the table below. (“no” isetlow end and “yes” is the high end of the scale
on “y=level of understanding (perception to climatenge)”, and “no formal education” is the
low end and “9-1%” is the high end of the scale on “x=level of edima’. By convention, we
construct contingency tables for ordinal varialdeghat the low end of the row is the first row
and the low end of the column variable is the fogiumn. (There is no standard, however, and
other books or software may use different conventio
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Tablell :Perception to Changes in Climate by Farmers’ Levebf Education

Level of Response of farmers to climate change
education No Yes Total
No formal 10(29.4%) 24(70.5%) 34(100%)
education
1-5" 1(14.2%) 6(85.7%) 7(100%)
6-9" 0 5(100%) 5(100%)
10 -12" 0 9(100%) 9(100%)
Total 11 44 55

The crosstab in the above table shows a 4 by Bfi@quency distribution of two ordered
variables. The sample respondent farmers from thikages of ZobaMaekel (AdiKontsi,
Abardae, and EmbaDerho) were asked “whether thegrabd any climate change?” The given
choices were “yes” and “no”. The farmers where gatzed by their level of education (“no
formal education”, “1-8", “6-9"™ “10-12"™).Consider pair of subjects, one of which is
classified (no formal education, no understandmglimate change) on the two variables, and
the other of which is classified (I23evel of education, yes). The first subject is afiche 10
classified in the upper left hand corner of theldaland the second subject is one of the 6
classified in the middle cell of the table. Thisrpaf subject is concordant, since the second
subject is higher than the first subject both weleof understanding (yes versus no) and in level
of education (1-8 versus to no formal education); that is the subjelco is higher on one
variable is also higher on the other. Now, one pam each of the 10 subjects classified (no
formal education, no) with each of the 6 subjedsssified (1-8, yes). So there is 10*6=60
concordant pair of subjects from these two cellgcBntrast, each of 24 subjects in the cell (no
formal education, yes) forms a discordant pair whexiched with each of the 1 subject in the
cell (1-8", no). The 24 subject have lower scale of educatiam the 1 subject, yet they have
higher level of understanding to climate change.tBere is 24*1=24 discordant pair of subjects
from these two cells.

Number of concordant =Nc

Level

Response Level | Response Level | Response
of of fa.rmers of of farmers of of farmers
Educat to climate Educati| to climate Educati| to climate
ion change on change on change
N | Yes No | Yes No | Yes
) No No
No 1 formal formal
formal | O educati educati
Educat on on
ion 1-5" 1 1- 5"
h
i R R B
10- 15" 9 10 -12" 9 10 -12" 9
Nc=10(6+5+9)+1(5+9)+0(9) =214
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Nd =24(1+0+0)+6(0+0)+5(0) =24

G= Nc-Nd

=214-24 =190 =0.79

Nc+Nd

214+24

238

In this association the null and alternative hypsts are:

Ho: y=0
H1:y> or <0.

Level O_f Response of Level of | Response Level of | Response
Educatio| farmers to Educatio| of farmers Educatio| of farmers
n climate n to climate n to climate
change change change
No | Yes No | Yes
No Yes No No
No 24 formal formal
formall educatio educatio
educatio n n
n_ 1-5" 6 1-5"
1-5 1 6- g 0 6- 9" 5
6- 9" 0 10-12" | 0 10-12" | 0
10-12" | 0

To test the null hypotheses we choas@.05 as a significance level. From an appendithefz-
score shows that the critical value is z = + 1184w, using the sample value of G calculated

above, the standard z-score (that is the teststatis

Z=(G-y)

= (0.79-0) =0.79=2.68

Since 2.68 exceed +1.64 we reject the null hypethasd thus the association is significant.
In a similar way the following Gamma statisticstta® calculated:

Tablelll: Perceptions to Causes of Climate Change

Level of Response of farmers to causes of climate change
education
It is punishment of| It is occurring It is man Total
God naturally made
No formal 12(52.1%) 6(26%) 5(21.7%)| 23(100¢9
education
1-5" 4(57.1%) 3(42.8%) 0 7(100%
6- 9" 0 1(25%) 3(75%) 4(100%
10 -12" 0 2(22%) 7(77.7%) | 9(100%
Total 16 12 15 43
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Notes: Gamma-T test Nc=341 Nd= 80 G= 0.61 - crtical=+1.64 Z-calculated=2.40
a=0.05 Ho= rejected

TablelV: Perceptions toChanges in Rainfall
Level of education Response of farmers to change of rainfall
No Yes Total
No formal education 0 34(100%) 34(100%)

1-5" 1(14.2%) 6(85.7%) 7(100%)
6-9" 1(20%) 4(80%) 5(100%)

10- 12 1(11.1%) 8(88.9%) 9(100%)
Total 3 52 55

Notes: Gamma-T test NC=20 Nd=118 G=0.7% crifical=-1.64 Z-calculated=-1&=0.05
Ho= rejected

Table V: Perceptions to Changes in Temperature
Level of education Response of farmers to change of temperature
No Yes Total
No formal education 7(21.8%) 25(78.2%) 32(100%)

1-5" 1(11.1%) 8(88.9%) 9(100%)
6-9" 0 5(100%) 5(100%)

10- 12" 1(11.1%) 8(88.9%) 9(100%)
Total 9 46 55

Notes: Gamma-T test NC=160 Nd= 63 G= 0.43 - crétical=+1.64 Z-calculated=0.95
a=0.05 Ho= accepted.

Table VI Opinions on the Prediction given by the [2partment of Meteorology

Level of Farmers opinion to the prediction given by the dipant of meteorolog)
education
| do not believe the| Neutral | believe the Total
Prediction Prediction
No formal 24(70.5%) 8(23.5%) 2(5.8%) 34(100%
education
1-5" 5(71.4%) 1(14.2%) 1(14.2%) 7(100%)
6- 9" 1(20%) 4(80%) 0 5(100%)
10 -12" 2(22.2%) 5(55.5%) 2(22.2%) 9(100%)
Total 32 18 5 55

Notes: Gamma-T test Nc=408 Nd= 123 G= 0.53 cittical=+1.64 Z-calculated=1.96
0=0.05 Ho= rejected
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The findings could be argued as:

1. Education seems to increase the probability teatfarmers will perceive long term climate

change. Thus non educated farmers are more likeeé that climate change does not have
significant trend over the long run.

2. The educated farmers tend to associate the caisegimate change to anthropogenic and
natural factors. Whereas, the non educated farmperseive that the main cause of climate
change is God’s punishment.

3. With experience non educated farmers are mketylio perceive change in rainfall. Thus a

strong negative association is observed betweesl Eveducation and farmers’ perception to

pattern of rainfall change. And this associatiosiggificant.

4. Concerning the temperature change educated fauame more likely to feel than those having

no education. But, this association is weak ana @&sult it is not significant.

5. There is a weak positive association betweeel leiveducation of farmers and their opinion

on the weather forecasts given by the national onekegical department. Most of the farmers

with high level of education neither completely geahe forecast nor they completely accept.
This is because of the fact that the weather officeotally dependent on foreign vendors to

provide them the information in the Horn, this imf@tion may be delayed which can lead to
inaccurate forecasts.

Adaptation strategies and constraints:

Crop management strategies (change in sowing dadeceop cultivar) were more
adopted than soil fertility and soil water managetsedue to constraints attached to the latter
ones. Soil fertility is restricted by fertilizer aNability and cost; and soil water managements by
irrigation equipment, labour or water availability.

Conclusion:

The increasing intensity of global warming and #reatic nature of climate change
followed by land degradation have adversely aftéthe economies of many Sahelian countries
including Eritrea. Rainfall and temperature are thest important determinant parameters of
climate change. Rainfall plays a vital role in ughcing the rain fed agricultural sector as in
Eritrea. Therefore, there is a positive correlat@tween amount of rainfall and crop production.
In ZobaMaekel this has been evidenced by decrefasairgall in the past few years that has
resulted in declining agricultural production.

A general increase of mean minimum and mean maxitamperature of ZobaMaekel
has been observed. The measure of association eofGdimma Test indicates that the
understanding and awareness of the farmers teindrease as their level of education increases.
Even though in some instances the experience afeli@ could be taken into account, but
educated farmers seem more likely to understanthatd change. Although the rural
communities have been adapting different copingtegjies to the prevailing climate change
induced impacts, food security and poverty alleeratvere given a priority by the government
of the State of Eritrea. The government has laidl iamplemented a number of policy measures
and adaptation mechanisms to improve crop prodtictand increase livestock population. In
addition to this sectoral and national policies aadulating mechanisms were formulated to
complement these developmental programs.
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