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Abstract

Although the agriculture economic sector in Ethiopia yet feeds enormous people, it’s
negatively impacted by climate change thereby contributed to the lower production
and productivity. The research dealt therefore on the price effect of climate change on
vegetable using time series data collected from 2009 to 20015 in Tigrai, Ethiopia. A
univariate econometric analysis and finite distributed lag model were employed. In the
descriptive part, due to climate change; tomato the vital vegetable consumed both in
urban and rural population has recorded the highest inflation (211 percent) from 2009
to 2015 alone as compared to potato and onion. Whereas, potato and onion vegetables
were rose up more than 152 and 154 percent consecutively on the same period. The av-
erage temperature increase of 1°C over the past seven years caused the price of tomato
vegetable to increase more than threefold (310 percent) in 2015. Likewise, in the year
2010 as the temperature increased by 1°C, the average price of tomato increased close
to 155 percent, ceteris paribus. Even the price of tomato vegetables raised 118 percent
in 2011 as compared to 2009. In 2013 and 2014, a 1°C rise in the average temperature
cause close to 58 percent and 23 percent increase in the price of tomato, ceteris pari-
bus. Moreover, the price increment of potato and onion vegetables is high. So as to get
healthy vegetables often at fair prices both by the poor and rich in both the rural and
urban population, applying outstanding climate adaptive strategies is recommendable.
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Introduction

Globally there are more than one point five billion people who are farming on less than
two hectares of land (FAO ef al., 2011). Around 80 percent of food consumed in some
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Less Developing Countries (LDCs), especially, in Asia and Sub-Saharan Africa (SSA)
that derived from smallholder agriculture. However, mostly the smallholders in LDCs
immerse to price fluctuations repeatedly. In fact, the price ups and downs might be sea-
sonal and expected sometimes. Large staple food consumption price soar impacts nega-
tively on poor households more as compared to the rich ones since the have-nots spend
just about three-quarters of their income on food consumption (Ben, Mehroosh, 2013).

Consumption of staple foods such as wheat, rice, maize, milk powder, oilseeds, veg-
etable prices were doubled and more in nominal terms in 2007 production year as
compared to the lower food prices history in the last 25 to 30 years (Donald, 2008;
Maros, Will, 2008; Demeke et al., 2009; WFP, 2011; WB, 2011; Kofi, 2012; Ben ,
Mehroosh, 2013).WFP and FAO (2011) stated that approximately one point zero two
billion people of the World were undernourished since 2009 alone. Globally the fast-
est staple food consumption increments in the past years were caused social unrest or
civil conflicts over 40 countries (WB, 2011). Though there are different debates on the
causes of food price inflation by scholars, export bans by top wheat and rice producer
countries, shifting food grains to biofuels, higher energy prices, a depreciating dollar,
and increase food crops demand were the mostly agreed reasons among other factors
(Donald, 2008). Moreover, global crop price and oilseed supplies deficiency due to
poor harvests, change the eating habits of emerging economies because of income in-
crease of the people were also the causes for consumption food price hikes (Tom, Joe,
2008). On the other hand, an amalgamation of both demand and supply side factors
plus government policy decisions are the main causes for the staple foods of the world
up (Kofi, 2012).The growing population and income in emerging economies and DCs
is forecasted to cause a higher demand for food consumption in the coming decades.
Unlike to the current seven billion population size of the globe, in the coming 2050 the
globe’s population has projected to reach nine billion people. Thus, this rapid popula-
tion growth projection is predicted to bring among 70 percent to 100 percent rise in the
demand of food consumption as compared to the 2007/08 world economic crisis (FAO
et al.,2011).Even in the coming 2019, some scientific projections of intellects revealed
that there will be an increment in the prices of staple consumer items, vegetables, and
livestock outputs (Demeke et al., 2009; FAO, 2011). Therefore, this breaking news told
the World that boosting the growth of food consumer items parallel to the present and
coming demand of billion people for food is important; otherwise will outbreak food
consumption hikes that lead at least to economic inequality and different social unrest
in the globe continuously.

Ethiopia in the last years (2004/5 to 2007) for example, has had registered around 18
percent price rise in food and 16 percent for non-food (Jeni, Josef, 2007). The Ethio-
pian economy has registered extraordinary macroeconomic performance with the GDP
of 11 percent for the last one decade (2004 to 2014) in the country’s history (UNDP,
2014). This remarkable macroeconomic achievement is two-fold of what is in SSA and
even makes Ethiopia one of the fastest emerging economies in the globe. There is no
consensus on why Ethiopia experienced such dramatic food price rises yet. The Ethio-
pian inflation is primarily related to agriculture and food in the economy plus global
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food crisis. Unlike other food consumption items, vegetable crops due to their nature
of pershability and seasonality forecasting their price soars are more sensitive (Kamau,
2014). Vegetables are important outputs in improving the livelihood of the people in
giving a balanced diet thereby improving the health status of the people plus serves as a
cash crop in generating income to households. Though Ethiopia has a comparative ad-
vantage in horticulture agriculture in many ways, fruit processing industries are scarce
and are in importing vegetables and fruits (EIA, 2012). Moreover, the national inflation
on foodstuffs has increased by 13.9 percent and non-food items increased by 9.7 per-
cent in the year 2015 as compared to the inflation rate in July 2014 (Muluken, 2015).

The Intergovernmental Panel on Climate Change (IPCC) institution revealed that by
2030 close to 0.9 to 1.1°C mean annual temperature increase will be recorded in Ethio-
pia; however, the range would expect to rise from 2.7 to 3.4°C in 2080 in the country
opposite to the 0.37°C (EEA, 2008). Countries in the Southern world are not the main
originators of climate change; however, they may suffer the greatest share of damage
in the form of declining agricultural outputs and greater frequency of extreme weather
events (IMF, WB, 2011). Increased use of food crops for biofuel production would lead
to more than 1.7 million undernourished children in Africa and Asia in 2050 unless
the policy for is reconsidered. Parallel to the Sustainable Development Goals (SDGs)
planned to achieve by 2030 which favors the vulnerable population, requires climate
adaptive interventions in various countries, otherwise negligible (FAO, 2016). Climate
variability has played a top role in causing the low level of agricultural outputs even
in Tigrai and Ethiopia (CEEPA, WB, 2006; Gebreegziabher et al., 2014; Bezabih, Mo-
kenen, 2014; Kassa Teka ef al., 2012; Gebrekiros et al., 2016).

Climate change impacts negatively more on the _agriculture-based economies like
Ethiopia. Whereas, there have been scanty researches done which investigate tomato,
onion, and potato vegetable inflation using time series data in terms of the dynamic
causal effect of prices and temperature in the Northern most part of Ethiopia. The gen-
eral objective of the study was therefore to estimate the price effect of climate change
on vegetable crops using time series data in Tigrai regional state of Ethiopia. More to
the point examine the causal relationship between temperature and price of vegetables
and the effect of own price lag on its current value.

Related Literature Review

Khan and Senhadji (2001) using a cross-country panel data have been produced the
threshold level inflation for both DCs and LDCs concluded that a threshold level rang-
ing from 11 to 12 percent for LDCs is fine for stabilized macroeconomic objectives
and sustainable growth. However, above the specified inflation threshold, it can hurt
the economic growth of LDCs. In the Ethiopian case, a research was done by Emerta
(2010) using data 1971-2010 contended that a threshold of single digit inflation, espe-
cially 8 to 10 percent is convenient for having stabilized macro economy and economic
growth (optimal inflation target policy).

EP 2017 (64) 4 (1335-1354) 1337



Berhe Gebregewergs, Muuz Hadush

The Agriculture sector in Ethiopia which represents 40.2 percent of GDP grew by 5.4
percent, the industry also covers 14 percent of GDP and expanded by above 21.2 per-
cent, and lastly the services economic sector that holds 46.2 percent of GDP rose by 11.9
percent in the last eleven successful years. Although many factors might be hindered
not to keep the pace of this fastest economic growth in the coming years in Ethiopia,
the economy is forecasted to keep growing due to the underway multi-sectoral trans-
formation and the developmental state political commitment to achieve development
(Admit ef al., 2015). Vegetables are those plants which are consumed in relatively
small quantities as a side-dish or a relish with the staple food (as cited in Seid, Yeshi,
2013). Either in the Ethiopian context or world widely, vegetables are useful at least
for the following reasons. Thus, it can serve as a source of vitamins, minerals, rough-
age, neutralizing the acid substances, medicinal value, generating income, and food
and social security. Agriculture economic sector is usually prone to climate change and
worked under high risk and unpredictability condition. Furthermore, crop pricing also
affects negatively the production because the prices of agricultural producers are price
takers that have been determined by the interplay of demand and supply (H.Erdal et al.,
2009).Vegetables, the especially potato is the high yielding crop and fourth food source
in the world next to rice, wheat, and corn. Potato is nutritious and easy to digest grown
in many environments and consumed in various parts of the globe (Aklilu et al., 2015;
H.Erdal et al., 2009).

Even if Ethiopia has a comparative advantage in a number of horticultural commodi-
ties because of favorable climate, proximity to European and Middle Eastern markets
and cheap labor: the production of horticultural crops is much less developed than the
production of food grains in the country (EIA, 2012). The total area covered by fruits
and vegetables is about 12,576 hectares in 2011. Of the total land area under cultivation
in the country during the same year, the area under fruits and vegetables is less than
one percent (which is 0.11percent), implies that very small as compared to food crops.
However, fruit processing industries are scarce. The ‘Merti’ processing factory is the
only plant producing fruit juice for the local market. This investment gap witnessed that
there is an investment motive to investors in Ethiopia (EIA, 2012).Today, large num-
bers of fruit juices are imported into the country because of high demand in fruit juice
in homeland market. For example tomato; 951, 920 Kg with a total cost of 9,022,271
Birr in 2009; 1,509,352 Kg at a cost of 20, 671, 644 Birr; and 1,558, 240K g with a total
cost of 22,283,409 Birr tomato fruit juice has been imported to Ethiopia from abroad
for juice consumption in the last 2009 to 2011. Due to lack of sufficient supply of fruit
juice raw materials like tomato, orange, grape, apple, mixtures, and others at home, the
country is in loosing huge hard currency. The demand for these fruit juice import items
specified above is on average in an increasing direction. That demand supply mismatch
also causes price up.

In the production year of Meher 2012/13, the productivity of tomato and onion veg-
etables per hectare of land by small farms revealed that under potential. Although there
is an ample potential for the productivity of tomato and been proven that 159 to 463
quintal per hectare is the potential capacity of small farms, but in reality, small farms
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are in producing it at around 90 quintals per hectare. Similarly, the small farms are
actually producing onion vegetable at around 102 quintals per hectare but below what
is 350 to 400 quintals per hectare the maximum productivity potential (EIA, 2012).
There are kinds of incentives devised by the Ethiopian government under regulation
No0.84/2003 including customs duty exemption, income tax exemption, and loss car-
ries forward to attract investors in establishing fruit juice vegetables and other new
enterprises. Furthermore, there are favorable and diverse climate, irrigable land, and
geographic location or export market opportunities are found; however, shortage of
quality high yielding varieties, disease and insect pests, shortage of skilled personnel,
poor post-harvest handling, and weak production and market chain are the challenges
to be solved soon so as to increase production and productivity of fruit juice vegetables
(Endale, 2013). Like many other vegetables, onion is also a valuable vegetable highly
consumed worldwide. China is the first largest onion producer country in the globe.
Next, to China, India is the second largest onion vegetable producer with over 15mil-
lion tones produce in 2010 to 2011 production year.

Honrao (2014) made a research on vegetables like onion and tomato in India found that
price volatility estimated as the predictable variance is found to have increased after
2007 production year. The agricultural output was also adversely affected by deficient
rainfall in the first two months of the monsoon period of June to September. By and
large, the high rate of overall inflation and particularly onion inflation caused by weath-
er change witnessed during 2011 and 2013 production years. An increase in the price of
fruits and vegetables relative to less healthy foods could reduce consumers’ incentives
to purchase fruits and vegetables and result in less healthy diets (Fred, Hayden, 2008).

Agricultural production and consequences of climate change

Aresearch done in 50 selected districts in diversified agro ecological zones of Ethiopia
using the Ricardian model from 1000 sample farmers revealed as temperature increas-
es, the agricultural yield reduces close to 998 US$ in winter and 178 US4 summer sea-
sons in net revenue per hectare(CEEPA,WB, 2006). “Of the worlds production of fruit
and vegetables, 42% is grown in China and India — more than one billion tonnes out
of the total of 2.4 billion tonnes. China alone grows 38% of the vegetables and 19% of
the fruit produced globally (tonnes measure). China produces 44% of the world's apple
crop and 50% of the world s peaches and nectarines. India s largest volume fruit crop is
bananas (27 million tonnes). This is 28% of global production in the year 2009(cited in
Kamau, 2014).” Confidently, Ethiopian vegetable production ranging from gardening
smallholder farming to commercial state and private farms that are largely produced
include pepper, kale (Ethiopian cabbage), onion, tomato, pepper, chilies, carrot, garlic
and cabbages as the major ones. However, the overall production yet is lower than
what can possibly produce given its potential (Bezabih et al., 2014).Unlike other food
consumption items, vegetable crops due to their nature of perish-ability and seasonality
forecasting price soars is more sensitive (Kamau, 2014). Temperature has a large effect
on the development of vegetables.
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“Climate change is a key concern to Ethiopia in our time and need to be tackled in a
state of emergency. It has brought an escalating burden to already existing environmen-
tal concerns ofthe country including deforestation, serious soil erosion and loss of top
soil and land degradation which in turn have adversely impacted agricultural produc-
tivity (Ayana et al., 2011).” “Over the coming decades, the global frequency and sever-
ity of drought is likely to increase as a result of climate change. Regional projections
suggest that south-eastern Australia will be adversely affected by changes in rainfall
patterns, as well as by rising temperatures, which increase the severity of drought. By
2070 there may be 40% more months of drought in eastern Australia, and conditions
will be worse in a high-emissions scenario (John, 2007).”By 2080-2100, African agri-
cultural output is projected to reduce 15 to 30% due to the negative impact of climate
change (IMF, WB, 2011). Rain fed agriculture is the usual custom, a good rainy season
means good crop production, certify food security, and a healthy macro economy in
Ethiopia. However, failure of rains and occurrence of natural disasters such as floods
and droughts could lead to crop failure, food insecurity, famine, loss of property and
life, mass migration and negative national economic growth (WB, 2005).

“In the short term, unfavorable weather conditions, coupled with high world prices for
commodities such as grains, will increase input costs for a wide range of fresh and pro-
cessed foods. The largest price rises are likely for fruit and vegetables and we can also ex-
pect significant price increases for products that rely on grains as an input (either directly
or indirectly as a feedstock) such as bread, cereals and snack foods, dairy, eggs and meat in
the future. For example, the Australian Egg Corporation has warned that the price of eggs
will rise by 50 to 60 cents a dozen (or at least 10%) (cited in John, 2007).” In the last 20
years many rural households perceived as the production of crop and livestock, and land
productivity was declined due to the extremely unpredictable and erratic rainfall in Tigrai
(Kassa Teka et al., 2012). Climate change in the past 32 years in Alamata, Tigrai nega-
tively impacted sorghum crop production. However, the negative impact of temperature
was larger than rainfall (Gebrekiros et al., 2016). For developing and initial growth of
plants, a temperature of 22-24°C is the best for potato-vegetable (as cited in Seid,
Yeshi, 2013). Contrary to what the world has had experienced in the 20"century with
an average surface temperature increase of around 0.6 °C and 15 cm to 20 c¢m rise in
sea level, in the 21 century some 85 years later the global average temperature will
show another plus of 1.1 °C percent to 5.4 °C percent. However, these 85 years, later
increase of global warming depends on how much human being will pollute the envi-
ronment. Climate change has various direct or indirect negative impacts on a human
being. Of which, negatively affect health and well-being of plants, pasture, rangeland,
and livestock production. Globally, the horticultural crops (vegetables) such as toma-
toes, onions, and fruits are more sensitive to the Earth’s climate change unlike to other
grains (Seid, Yeshi, 2013).

A research that has been done under the title “adaptation to climate change in the ag-
riculture sector in the semi-arid region of Nigeria” an average mean temperature and
rainfall data were collected from 1938 to 2007; the author (Peter, 2010) contended that
in between 1938 to 1972 the temperature was 28.24°C and the rainfall amounted to
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937mm. However, in the year 1973 to 2007 temperature has been increased to 29.14°C
and rainfall reduced to 758mm in Nigeria. As a result, in the coming 85years Nigeria
will become one member of 2.5 to 4.5°C (medium to high temperature) because of the
negative effects of climate change. This increase in temperature seeks climate adapta-
tion to curve its negative impacts. At least it will affect directly the prices of agricultural
products. A research conducted under a title ‘the development and evaluation of onion
and cabbage vegetables wholesale price forecasting model” in Ethiopia using 2004 to
2014 data witnessed that onion price shows a constant price rise in 2012 and 2013
(Sohyun et al., 2015). Thus, a total of 21.3 percent supply of onion output reduction
was registered in these two years that has been caused by weather inconvenience to
the product. As a result, causes the price of onion to increase sharply up plus motivates
producers to produce more lately. Among the many factors which contribute for the
consumption food inflation of the globe to increase are: Climate and weather change,
increases in oil and energy prices, biofuels, and increase in global food demand (Net
Comm, 2014). Stock and Watson (2000) have been introduced the distribution lag mod-
el in the context of estimating the dynamic causal effects on orange juice prices and
Florida weather using monthly collected time series data of 1950 to 2000, concluded
that as the weather gets cold the price of juice gets higher over time.

Vegetable crops are very important due to their higher yield potential, higher return and
high nutritional value and suitability for small land holding farmers. Vegetables provide
proteins, minerals and vitamins required for human nutrition ((Anum et al., 2015).

Materials and Methods

Description of the study area: Tigrai is the Northern most of Ethiopia’s federal states
located at 12012’ and 14032’ North latitude and between 36030’ and 40030’ East lon-
gitude. Mekelle city the northern star is the capital of the region. The state of Tigrai
shares common borders with Eritrea in the north, the regional state of Afar in the east,
the regional state of Amhara in the south, and the republic of Sudan in the west with
more than Smillion populations. Although the region has a number of legends about its
history, the well-known and documented history of Tigrai begins in the eighth century
B.C. (Yeha), and with the founding of the Aksumite Kingdom around 300 B.C.

Data type and source of data: The data of this research is taken from secondary sources.
It was collected from two famous sources: first, from the National Meteorology Agency
of Ethiopia Mekelle directorate branch; second, from Tigrai Agricultural Marketing
Promotion Agency (TAMPA) starting from 2009 to 2015.

Model Specification and Estimation: Time series data is nothing but it’s a data col-
lected for a single entity at multiple points in time. By and large, time series regression
models are relevant mainly for at least two well mentioned functions. Thus, to estimate
the dynamic causal effects and forecasting future situation based on the lag values we
have estimated (Stock, Watson, 2000).In the economics literature, the distributed lag
models are highly useful for the consumer, producer, and government behaviors eco-
nomic units that had been implemented by different researchers (Richard Roll, 1984;
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Hamilton, 1994; Stock, Watson, 2000; Wooldridge, 2009). Especially, distributed lag
models are essential not only in estimating the previous year (lag value) but also useful
in estimating current year value of defining a variable.

In a nutshell. the dynamic causal effect of the paper is modeled as here below:
Poe= Bo * BiPiwt-1 B2 Pavi—2 T B3 Pawe-3 TBaPuvt-a T BsPiwe—s T BsPiwt—s
T Ty 1T T 2T Ty 3T Tipe—a T Tie s T Tipr ¢ (1)
Where.P,= the current prices of tomato. onion. and potato in the specified woreda’
i=number of vegetable items (tomato. onion. and potato) used in the estimation

w = number of woreda By = constant t = time measured in years

B;= the immediate effect of a unit change in P, on P.holding constant past P;
(one period lag dynamic multiplier effect) short f,= two year dynamic multiplier,
ceteris paribus Pt, Pt-1, Pt-2. Pt-3 ...

B5;= three year dynamic multiplier effect of change in Pt-2 onP;,,. ceteris
paribus Pt. Pt-1. Pt-3. B.= fowr year dynamic multiplier effect of change in Pt-3
onp;,,., ceteris paribus

Be= six year dynamic multiplier effect of change in Pt-5 onPy,,, ceteris paribus

T= the average monthly temperature of every woreda «,= one vear lag dynamic
multiplier effect of temperature onP;,,,, ceteris paribus a@,= two year lag dynamic
multiplier effect of temperature onP;,,, ceteris paribus  a@,= six year lag dynamic
multiplier effect of temperature onPy,,; ceteris paribus

g.=includes both measurement error and the effect of omitted determinants of
P;,,+. orstochastic term o1/ and error term. A priori expectation is stated as follows:
first, represent the coefficients to estimate the short term effects of variation in
temperature on the dependent variable (price of vegetables) that is §;> 0. 5> 0. 3>
0. B,= 0. B> 0, and ;> 0. And the long run expectation is also stated as follows:
;> 0, a,> 0. az> 0. a,> 0. ac> 0, anda,.

Gujarati (2004) those parameters o, a0, al, a2... a6 in distributed lag models can
possibly be estimated using classical least square method. However, Gujarati, 2001
criticizes certain points concerning to estimates in distributed lag models. These are:
first there is a difficulty to know a pre-information in the model regarding to how long
the lag period will be; second, when a data set that can estimate the lag period is not
set up, degree of freedom is continuously decreased, and the last important challenge
is that variables decided as defining variables are in a multiple linear relationships.
Consequently, in resolving the aforementioned failures Koyck has been developed an
econometric model, since 1954. Lags in an explanatory variable affect the explained
variable to some extent and the weight of these lags decrease, the model is reduced and
thus made to estimate the regression equation. Koyck (1954) assumed that in an infi-
nitely distributed lag model for example, all ‘B’s had the same signs and geometrically
reduced so as to obtain the reduced model. Similarly, in determining the order of an
auto regression (AR) balancing the marginal benefit of including more lags against the
marginal cost of additional estimation uncertainty is essential. If the order of an esti-
mated AR is too low, show and as we were omitted valuable information contained in

3 Woreda in this context is an administrative structure of governance next to that of zone level.
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the more distant lagged values. Conversely, if the order of an estimated AR is too high,
revealed that as it was estimated more coefficients than necessary, which in turn creates
additional estimation error into our forecast trends (Stock, Watson, 2000). When using
information criterion to estimate the lag lengths two important things has to be consid-
ered. Thus: first, as is the case for the AR, all the candidate models must be estimated
over the same sample that is the number of observations used to estimate the model.
Time (T) must be equal for all models. Second, when there are multiple predictors, this
approach is computationally demanding because it requires computing many combina-
tions of the lag parameters (many different models).Lastly, the paper made different
econometric tests such as Stationarity /random walk/ unit root, Break, Serial Correla-
tion/ Autocorrelation, and Co-integration so as to assure the robustness of the results.

Empirical Results and Data Analysis

Descriptive Analysis: There was a high variation of vegetable prices every year in tomato,
potato, and onion items due to climate change over the past seven years, ceteris paribus.
Tomato the vital vegetable consumed both in urban and rural population has recorded the
highest inflation (211 percent) as compared to potato and onion. As it can be observed in
table 4.1, the price of tomato increased from 4.5 Birr in the past seven years to 14 Birr.
Whereas, potato and onion vegetables were rose up more than 152 and 154 percent con-
secutively. These highest vegetable inflation records were witnessed the highest climate
vulnerability hence vegetables are sensitive to temperature, ceteris paribus.

Table 1. Consumable Vegetable Inflation in Tigrai (2009 to 2015).

Vegetables Budget Year :’];‘ii::)in Price in (US$) % increase | Unit
2009 42 0.2 -

price of potato 2010 4.56 0.21 9 KG
2011 4.64 0.22 17.5 KG
2012 5.42 0.25 17.35 KG
2013 6.2 0.3 14 KG
2014 7 0.32 11 KG
2015 10.6 0.5 51 KG
2009 5.34 0.24 - KG
2010 5.8 0.26 8 KG

price of onion 2011 6.2 0.28 7.7 KG
2012 9.5 0.42 53 KG
2013 10.5 0.48 11 KG
2014 11.8 0.54 124 KG
2015 13.54 0.62 15 KG
2009 4.5 0.2 - KG
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Vegetables Budget Year fl;ii::)in Price in (US$) % increase | Unit

price of tomato 2010 5 0.23 11 KG
2011 6 0.27 20 KG
2012 8.25 0.38 38 KG
2013 9.5 0.43 15 KG
2014 12 0.55 26 KG
2015 14 0.64 17 KG

Source: Computed from the Collected Secondary Data, 2016.

Note: A Kilogram (KG) the unit of measurement in our case is equivalent to one kilo-
gram. Similarly, the current official money exchange rate in Ethiopia November 2016
was taken (1US$=22 Birr).

Figure 1. Direct Trends of Price of Vegetables and Temperature in Tigrai (2009-15)
Figure4.1. Direct trends of price of tomato vegetables
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Source: Computed from the collected data at hand, 2016.

The direct trends of the price of tomato show a higher increase over the past seven years
as compared to the climate change increased by lower than 1 degree centigrade.
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Figure 2. Direct trends of price of potato vegetables

=3
= 4
=

10
|

0
I

]

2012 2014
Year

Change npotao prics (%)

A0

|

-0

2008 2010 2016

Source: Computed from the collected data at hand, 2016.

Similarly, the direct trend of the price of potato and onion show a higher increase over
the past seven years as compared to the climate change increased by lower than 1 °C.

Figure 3. Percentage Change of Price of Vegetables and Temperature (2009 to 2015)
Percentage change (the indirect) trends of price of potato vegetables
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Source: Computed from the collected data at hand, 2016.

Figure 4. Percentage change (the indirect) trends of price of tomato vegetables
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Source: Computed from the collected data at hand, 2016.
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The percentage change and two-way change which is better measurement as compared
to that of the direct trends revealed that there were price ups and downs in vegetable
price similar to the direct trends, but somehow smoother. In fact, in the 25" month
(January 2011) and 45" month (June 2012), the vegetable price (more of potato) was in-
flated in line with temperature. The prices of potato show in the last seven years almost
an increasing trend every month with a slight change. Opposite to what is said, in the
24" month (September 2010); 35" month (August 2011); 55" month (April 2013); 75
month (November 2015); above 80" month (June 2015) the price of vegetables have
fallen down dramatically.

Lag Length Selection Process

After using Final prediction error (FPE), Akaike information criterion (AIC), Schwarz’s
Bayesian information criterion (SBIC) and Hannan-Quinni information criterion
(HQIC) to select the appropriate lag length in our study; we select the best lag length at
which the values of information criterions are minimal. The result is therefore reported
on the tables 4.2 to 4.4.

Table 2. Price of potato in Tigrai (2009 to 2015)

Lag |LL LR Df P FPE AIC HQIC SBIC
0 -319.53 -13.04 -8.24 -8.24 -8.36
1 -237.88 -163 4 -0.00 1.78 6.39* 6.39% 6.46*
2 -234.29 7.19 4 0.126 1.89 6.36 6.36 6.58
3 -232.52 3.59 4 0.474 1.94 6.40 6.40 6.70
4 -225.14 14.55 4 0.005 1.70 6.41 6.41 6.78
5 -218.62 13.52 4 0.011 1.69 6.45 6.45 6.84
6 -213.61 10.09* 4 0.040 1.61% 6.44 6.44 6.95

Source: Computed from the collected data at hand, 2016.

The maximum selection based on the AIC criterion in the price of potato is lag six.
Thus, all the lags beyond lag six are irrelevant to explain the causality of the dependent
variable.

Table 3. Price of onion in Tigrai (2009 to 2015)

Lag LL LR Df P FPE AIC HQIC SBIC
0 -388.9 77.3 10.10 10.04 10.09
1 -333.5 110.7 4 0.00 20.7 8.70 8.75 8.83
2 -321.2 24.7 4 0.00 16.7 8.50 8.62* 8.75%
3 -316.4 9.6 4 0.05 16.4 8.47 8.64 8.87
4 -314.9 2.8 4 0.06 17.5 8.53 8.75 9.07
5 -308.8 12.3 4 0.02 16.6 8.5 8.74 9.11
6 -303.3 10.9* 4 0.03 16.1* 8.45*% 8.76 9.26

Source: Computed from the collected data at hand, 2016.

Similarly, based on the same criterion we select lag six for the price of onion in Table
4.3. All the lags beyond lag six do not have explaining power.
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Table 4. Price of tomato in Tigrai (2009 to 2015)

Lag [LL LR Df P FPE AIC HQIC SBIC
0 -403.62 - - - 112.7 10.5 10.45 10.49
1 -370.18 66.9 4 0.00 52.9 9.7 9.48 9.90
2 -356.98 26.3 4 0.00 41.8 9.4 9.52%* 9.75*
3 -354.83 43 4 0.35 43.8 9.5 9.68 9.85
4 -352.23 5.1 4 0.28 45.7 9.45 9.71 10.03
5 -341.42 21.63* |4 0.00 38.4* 9.31* 9.58 9.98
6 -337.93 7.12 4 0.13 38.9 9.34 9.68 10.19

Source: Computed from the collected data at hand, 2016.

We select the favorable lag length lag five; hence the AIC criterion is minimal.

Table 5. Augmented Dicky-Fuller Test for unit root on the price of potato

Augmented Dickey-Fuller test for unit root Number of obs =77
------ Interpolated Dickey-Fuller -------

Test 1% Ceritical 5% Critical 10% Ceritical

Statistic Value Value Value

Z(t) -5.006 -3.542 -2.908 -2.589
MacKinnon approximate p-value for Z (t) = 0.0000

D.dprpotato Coef. Std. Err. T P>|t| [95% Conf. Interval]
LI. 2.079 404 -5.01 0.000 *** -2.803522 -1.206057
LD. 9172 .348 2.63 0.010 ** 2219196 1.612305
L2D. .612 298 2.27 0.026 ** .0812326 1.245792
L3D. 417 234 1.74 0.085 * -.0590551 .8845106
L4D. .155 177 0.86 0.392 -2019922 .5088638
L5D. .072 15 0.65 0.516 -.160065  .31569
_cons 1.63 1.276 1.30 0.198 -.8883144 4.21352
Note: *** ** and* are statistically significant at 1%, 5% and 10% respectively

Source: Computed from the collected data at hand, 2016.

According to the ADF result, the Test Statistic value (5.006) is higher than that of these
three critical values ranging from 2.58 to 3.42. As a result, the lags were non-stationary
at level (normal regression), but become stationary after first difference (with change
(d)) equals to what is in Table 4.5 difference of the variable. One degree centigrade (°C)
temperature increase caused the price of potato to increase almost by double. Similarly,
in the year 2010 (LD) as the temperature increased by 1°C in Tigrai in the previous year,
the average price of potato vegetable increased close to 92 percent, ceteris paribus.
Moreover, the price of potato increased by around 66 percent in 2011(L2D) because of
1°C increase in the average temperature in Tigrai. In the L3D (2012) a 1°C rise in the
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average temperature caused 41 percent rise in the price of potato. The research output is
consistent and valid with the previous researches (Sohyun et al., 2015; Anum et al., 2015;
Kamau 2014; Honrao, 2014; Bezabih et al., 2014; Gebreegziabher et al., 2014; Bezabih,
Mekonnen, 2014; Dick et al., 2013; Emerta, 2013; John, 2007; CEEPA, WB, 2006).

Table 6. Augmented Dicky-Fuller Test for unit root on price of onion

Augmented Dickey-Fuller test for unit root Number of obs = 74
---------- Interpolated Dickey-Fuller ---------
Test 1% Ceritical 5% Critical ~ 10% Critical

Statistic Value Value Value
Z () -5.21 -3.613 -2.76 -2.53
MacKinnon approximate p-value for Z (t) = 0.000
D.dpronion Coef. Std. Err. T P>[t| [95% Conf. Interval]
LI1. 2.227 438 -5.15 0.000%** -3.083496 -1.36165
LD. 994 .385 2.60 0.012%* 2289833  1.753126
L2D. 961 323 291 0.005%** 3037943  1.633308
L3D. 738 282 2.56 0.013%* 1616442 1305153
L4D. S17 235 2.20 0.031%* 0474421 .9908538
L5D. 392 187 2.11 0.039%* .0213952 7686692
1.39 0.170 -.0732893 .4080241
L6D 167 121
2.34 3.076 0.77 0.445 -3.690435 8.312723
_cons

Source: Computed from the collected data at hand, 2016.

Similar to the price of potato above, in (2009) as an example (L1); one degree-centi-
grade (°C) temperature increase caused the price of onion to increase almost more than
double (220 percent) in the northernmost part of Ethiopia. Moreover, in the year 2010
(LD) as the temperature increased by 1°C in Tigrai, the average price of onion veg-
etables were increased close to 100 percent, ceteris paribus. The price of onion tuber
vegetables increased by around 96 percent in 2011(L2D) because of 1°C increase in the
average temperature in Tigrai holding other effects constant.
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Table 7. Augmented Dicky-Fuller Test for unit root on the price of tomato

Augmented Dickey-Fuller test for unit root Number of obs =76
—————————— Interpolated Dickey-Fuller ---------
Test 1% Ceritical 5% Critical ~ 10% Ceritical
Statistic Value Value Value
Z(t) -5.152 -3.544 -2.909 -2.590

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

D.dponion Coef. Std. Err.| T P>[t| [95% Conf. Interval]
LI. 3.19 Sl -5.51 0.000 *** -4.242314  -1.98504
LD. 1.54 S1 3.03 003 *** .532707 2.58250
L2D. 1.18 .49 2.61 0.011 ** 2803417 2.09294
L3D. .98 .38 2.41 0.019 ** 1591325 1.68776
L4D. 71 .26 2.59 0.012 ** 1758298  1.36558
L5D. .54 23 2.81 0.006 *** 1702975 1.00191
L6D. .28 .14 2.01 0.048 ** .0016207 . 467538
_cons 4.05 5.84 0.69 0.493 -7.685399  15.7907
Note: ***, ** and* are statistically significant at 1%, 5% and 10% respectively

Source: Computed from the collected data at hand, 2016.

The price of tomato in (2009) that is (L1); a single degree centigrade (°C) tempera-
ture increase in the previous year caused the price of tomato vegetable in Tigrai to
increase almost more than threefold (310percent). Likewise, in the year 2010 (LD) as
the temperature increased by 1°C in Tigrai, the average price of tomato vegetables was
increased close to 155 percent, ceteris paribus. Even the price of tomato vegetables
increased by approximately to 118 percent in 2011(L2D) because of 1°C increase in the
average temperature in Tigrai holding other effects constant (Gebrekiros et al., 2016;
Anum et al., 2015; Aklilu et al., 2015; Emerta, 2013; John, 2007). Lastly, in the L5D
(2013) and L6D (2014) only, a 1°C rise in the average temperature in the previous year
in Tigrai was caused close to 58 percent and 23 percent increase in the price of tomato,
ceteris paribus. As it can be inferred from the mentioned tables above, the price in-
crease is higher in the tomato vegetables because of the average temperature increase
by 1°C in Tigrai (2009 to 2015), unlike that of potato and onion.

Co-integration Test

This test refers to the fact that two or more series share a stochastic trend. After we made
a statistic test, therefore, found the variables are co-integrated. That mean price of veg-
etables has direct relationship with the average temperature increase by 1°C increase in
Tigrai in the last seven years. Hence, the test statistic in the table 4.4 below witnessed that
with a larger value as compared to that of the 5 percent critical value.
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Table 8. The result of Co-integrated test

dfuller e, lags(5) ADF test for unit root Number of obs = 78

Interpolated Dickey-Fuller
Test  Statistic 1% Critical 5% Critical 10% Critical Value
Value Value
Z(t) -3.135 -3.537 -2.905 2.588

MacKinnon approximate p-value for Z(t) = 0.0240

Source: Computed from the collected data at hand, 2016. |

Similarly, the regression output witnessed that there is no serial correlation problem test.

Conclusion and Recommendation

The research is motivated to find out a new way in the price effect of climate change on
the average price inflation of vegetables using time series data collected every month from
2009 to 20015 in Tigrai, Ethiopia. A univariate econometric analysis and finite distributed
lag model were implemented in defining the variables and the outcome. Due to climate
change inTigrai, tomato the vital vegetable consumed both in urban and rural population has
recorded the highest inflation (211 percent) from 2009 to 2015 as compared to potato and on-
ion. Whereas, potato and onion vegetables were rose up more than 152 and 154 percent con-
secutively. More to the point, the price of tomato in (2009), and a single degree centigrade
temperature increase caused the price of tomato vegetables to increase almost more than
threefold (310 percent) in 2015. In 2010, when the temperature increases close to 1°C, the
average prices of tomato vegetables were increased 155 percent, ceteris paribus. Even the
price of tomato vegetables were increased by around 118 percent in 2011 because of 1°C in-
crease in the average temperature in Tigrai holding other effects into account. Lastly, in 2013
and 2014, 1°C increase in the average temperature in Tigrai were caused close to 58 percent
and 23 percent rise in the price of tomato alone, ceferis paribus. As it can be inferred, the
price increase is higher in the tomato vegetables because of the average temperature increase
by 1°C in Tigrai (2009 to 2015) than that of onion and potato. Although the average prices
of potato and onion increment were not equal to the increment in tomato, but showed near
to the tomato vegetables price rise over the past seven years. In a nutshell, applying different
econometric tests confirmed us that there were high vegetable price ups and downs every
year parallel to the average temperature increment in Tigrai (2009 to 2015) though the de-
gree of increment varied overtime thereby resulted in low agricultural outputs (Anum et al.,
2015; Aklilu et al., 2015; Weldesilassie et al., 2015; Kamau, 2014; Honrao, 2014; Bezabih et
al., 2014; Gebreegziabher et al., 2014; Bezabih, Mekonnen, 2014; CEEPA, WB, 2006). The
research recommended that so as to get many healthy advantages in feeding vegetables often
at an affordable price by many of us, implementing due climate adaptive strategies is deci-
sive in taking best experiences from the renewable energy innovator countries and produce
surplus agricultural outputs including vegetables thereby reduce consumption price hike.
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