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Abstract 

This study assesses {he economic impacr of c/im({fe change on crop farming acriviries in Nile 

basin of Ethiopia. It lIses the Ricardian model. It is based on fann data generated from 20 

distrielS over 975 farmers. Anl1ual crop lief revenue is regressed on climate and other 

lIariables. The regressioll results are Ihen applied 10 possible flllure climates. Estimated 

marginal impacls of the climale lIariables on crop net rellenues indicare different results for 

temperature and precipitation and alsofor irrigated and dry landfarms. The reslllts/rOl1llhis 

analysis illdic(He Ihal an annual increase oj 1°C in temperature \ViII have a positive impact 

011 annual crop nel revenues/or iniga/eel farms, bill a negative imp{lc/ for dry I(lndfarms and 

FIrms Ihal represent Nile basin of Ethiopia. /-Ioweller, marginal impact of increasing 

prec ipitation will increase crop net revenue for both irrigated (lnd dry land farms. In 

addilion, the sllIdy examines the impacl of uniform climate scenarios on th e crop net revenue 

per heClare (~f fa nners. These are increasing temperature by 2.50 C and S° C " and decreasing 

precipitation by 7% and 14%. Based Oil the results of tltese simlliations, tlte slIfdy predicts 

tltal crop net revellLles \ViII jilll for all farms under Ihe four IIniform climate scenarios except 

irrigaled ones jor a 2.50 C increase in temperature. The study provides jillmers' perceptions 

of climate changes and their adaptations to these. II a/so gives constraints 011 adaptation 

mechanisliis. The results suggest tltat fanners are aware of climate changes. Most of thelll 

have noticed an increase il1 temperature and a decrease in precipitation, and thai some have 

/(Iken adoptive measures. The above analyses more or less ,\'how the magnitude (lnd direClion 

of the econolllic impact of climate change on agricllltllre. The findings generally provide an 

idea about increasing le111peralUre and decreasing precipitation that are detrimel1/(1/ to the 

agricullural productivity. Dry land farms are most likely affected by climate changes. 

IrrigatedIanns Ivill benefit in relatille terms. BlII adaplation is parr of hlll11an natllre, so these 
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alarllling forecasts Ivill certainly be mitigated. These jindings suggest that Ethiopia should 

begin 10 plan for climate contingencies. Actions Ihal make agriculllHe sectors more immune 

fo climate can be taken in advance. Developillg IWIV crops th[/l are more suitable to hot and 

dry conditions will help farmers to adapt to clilllatic conditions. Enconraging profitable 

irrigated systems will reduce the climate vulnerability of the agricultural sector. Therejore, 

the above gu iding principles will be a priority if certain climate outcomes come fo pass 10 

support sustainable development poticr. 
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CHAPTER ONE 

INTRODUCTION 

1.1 General background 

Ethi opia is one of the least deve loped co untri es in the world, with a gross domestic produc t 

(GOP) of s li ghtl y more than US $ IO billi on and a popu lati on of 73.9 mi llion . The economy 

remain s heav il y dependent on agri cultu re, whi ch has been prac ti ced since 4000 B.C. 

Accord ing to the Mini stry o f Finance and Econo mi c Deve lo pme nt (MoFE D), the agric ulture 

sccto r employs more than 80 pe rcent of the labor force and accounts fo r 45 pe rce nt of the 

GOP and 85 pe rcent of the ex port revenue (MoFE D, 2006). 

Sma ll -sca le, mi xed crops and li ves tock farm ing dominate the agriculture sec tor. About e ight 

mi lli on house ho lds use a sma ll -sca le fa nning method , which accounts for 95 % o f the total 

area under c rops and for more than 90% of the total agri cultura l output. T he la rgest 

proporti o n of food crops (94%) and coffee (98%) are prod uced by smal l-scale farmers. 

Traditi onal fa rm technolog ies, use of ox-drawn wooden pl oughs with stee l pikes and othe r 

time -hono red fa rm equipme nt s, minimal appl icati on of fe nili zers and pes ti c ides due to high 

in pu t prices in the prcse nce of cred it constrall1t s and weak ex ten sion serv ices, and low use of 

improved seeds are comm on (Deressa, 2006). 

Subsistence c rop product ion in Ethiopia is traditional and ra infed , with very limited areas of 

irri ga tio n. Small -sca le traditional irri gati o n has been pract iced for decades in the hig hl ands, 

where small s treams are di ve rted seasona ll y fo r li mited dry season c ropping. Medium and 

large-scale sc hemes a re of more recent ori g in . 
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Ethi opian agric ulture is not hi gh ly prod uc ti ve in genera l. lis improvement is constrained 

mainl y beca use o f c li mat ic faclOrs and soil and land degradati on. Th is is tri ggered and 

ex ace rbated by improper land use such as cu ltivat io n of stee p slopes, over cultiva tio n and 

overgrazing, and other soc ia-economic constrai nts sLich as inappropriate policies, subsistence 

farmin g and dec linin g fa rm size main ly due to popul ati o n growth . Add itio nally, tenure 

in sec urity, weak agri cultural research and extens io n se rvices, lack of agricu ltural marketing, 

inadeq uate transport ne twork and usc of agricu ltural in put s such as low use of fert ilizers, 

im proved seeds and pest ic ides, poor nutri ti on of li ves tock, low leve l of ve te rinary care, and 

li ves tock diseases a re othe r co nstraint s (Deressa, 2006). 

Apart from these constra in ts, the hi story o f drought is as o ld as the country it se lf. Between 

253 B.C. and first ce ntury A.D., drought occurred every seve n yea rs. From the first ce ntury 

A. D. up to 1500 AD, the re were 177 droughts (fam ines) which kill ed milli ons of people . 

Betwee n 1500 A.D. and 1950, 69 drought events occ urred. Ethi opia has a lso suffered from 

ex tre mes of c li mate, manirested in the form of frcqucnt drought ( 1965, 1974, 1983. 1984. 

1987. 1990,199 1, 1999,2000, and 2002) a long with recent floodin g or 1997 and 2006 (Yesuf 

e t aI., 2008). These are because of the country's promi nent locat ion in the Sahe l Region, a 

reg io n with erratic rainfa ll and unpred ic table c lim ate varia bility. 

Ethiopia enjoys ex tre me ly varied c limat ic cond itions with an exte nsive a ltitude range that is 

sui table fo r diffe rem agri cu ltural prod uction sys tems. Tak in g th e two ex treme altitudes, 

temperature ran ge from the mea n annua l of 34.5"e in th e Danak il Depression , whil e 

minimum temperat ures fa ll be low zero, with a mean of less th an OU e , in th e upper reaches of 

Mount Ras Dege n (4620 m), where li ght snowfa ll s a re recorded in most years. Be tween these 

ex tremes are vast areas or pla teau and marginal slopes where mean annllal temperatures are 

betwec n loue and20"e. C li matic e lements are a rrected by al titude 
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location. The rainfal l is correla ted wi th a ltitude. Th e m idd le and hi gher altitudes (above 

1500m ) receive considerab ly greater ra in fa ll s than do the low lands, except the lowlands in 

the west, where rainfall is hi gh. In the lowlands (below 1500m) rainfall is errat ic and 

averages below 600mm. There is strong inter-a nnu al variability o f rainfall al l over the 

co untry. Des pite variab le rainfa ll , whi ch makes agricu ltura l planning d ifficu lt, a substa ntial 

propo rti on of the country gets enough rain for rai n fed crop produc tion (Dinar et ai, 2008). 

1.2 Statement of the problem 

Many research findings in dicated tha t c limate change have sign ifi cant impacts on tropical 

regions, particularl y poor countries arc vulne rab le to the harmfu l effect of climate change . 

The vulne rab ility of poor countri es is due to their technological, reso urce and institutional 

constraints (Kurukul asuriya and Rose nthal. 2003) . 

C limate change is a g loba l phenome non. Its impact on agricul ture in de ve loping countries has 

been increasi ng. Some atte mpts have been made to estimate thi s impact (Dinar et a I. , 1998; 

Kum ar & Parikh , 1998; Mende lsohn and T iwari , 2000). The impact of c limate change in 

Africa is a new area of research. A we ll known stud y in thi s respect is the one carri ed out 

under the G loba l Environmenta l Facili ty (GEF)-World Bank project entit led "Regional 

Climate, Water and Agriculture: Impacts on and Adaptation of Agl'o-ecological 

Systems in Africa". Thi s study covers the key agro-climatic zones and farm in g systems of 

the study countries (Kurukul asuriya and Me ndelsohn, 2006). Although these attempts are 

in creas ing, no t much rescarch has been done on the like ly impact of climate change o n 

agri cultural production and food security, energy. water reso urce, health , and ecosystem and 

wil dlife . 
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Hi gher temperature and chang in g precipitation leve ls caused by cl imate change will depress 

crop yie ld s. This is part icu la rl y true in low-inco me countri es, where adaptive capac ities are 

perce ived to be low . Many African countries whi ch have econom ies large ly based on 

wea ther-se nsit ive agricu ltu re are vulnerable to c limate change. Thi s vulne rabi lit y has been 

demonstrated by the devas tating effects of recen t fl ood in g and the various pro lo nged 

drou ghts o f the twe ntie th century. Thus, for many poor coun tri es that a re hi ghl y vulnerab le, 

understand ing fa rmers' respon ses to climat ic variations and cl imate changes are crucial ill 

design ing appropri ate coping strategies (Yesuf et a I. , 2008). Ethi opia which is dependent o n 

ra in -fed agric ulture togethe r with low leve l of soc ioeco nomic deve lopme nt is highl y affected 

and vulnerable to c lim ate c han ge. 

There ha s been no much resea rch on cl imate change impact with respect to Nil e basin of 

Ethiopia. Moreover, the avai lable few lite ratu res o n c limate change impact on agriculture is 

not quite comprehensive part icul arl y in te rms of lack of economic assess ment by cons idering 

c limate, soi l and socia-economic aspect of farm ers . A know n stud y for Eth iopia is do ne by 

Deressa (2006) . Hi s s tudy was conducted using sub-regional (agro-ecology) agricultura l da ta, 

not household-leve l data. Thus, the sca le of hi s analys is ignores basic househo ld-spec ific 

characterist ics that are pote I1l ia ll y the key to des igning effec ti ve adaptat io n strategies. 

Ano ther li mita ti on with Deressa's work is that it does not assess the effec t of techno logy li ke 

irrigat io n whi ch is used as an adaptat ion opt ion to overcome the harmfu l e ffects of c li mate 

change. In additio n to th is, hi s study did not obse rve the impac t of c li ma te change on 

differe nt farm act ivit ies suc h as irri gated and d ry land farm separately. It only focused on the 

impact of c li mate c hange on agricu lture (crop and li ves toc k agricu lture). Howe ver, the extent 

to whi ch each of these ac tivities responds to c limate va riab les may be diffe rent. Therefore, a 

separa te analys is is importan t for formu latin g effec tive po licy. 
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Thi s study tri es to fill the exist ing research gap in the li te rature by examinin g the impact of 

c lima tic vari ab les li ke temperature and prec ipita ti on on c rop fa rmin g ac tiviti es of irrigated 

and dry land fa rm s sepa ra te ly (by assumin g that the choice o f e ither o f these fa nnin g systems 

is exoge no usly de te rmined ). In addit io n, thi s s tudy ide nti fies choice fo r adaptat io n measure 

th at farm ers a re using to mi ti gate po tenti al c limate impacts fro m expected chan ges in c limatic 

conditio ns. 

Lack o f enoug h va riatio n (spati a l variat io n) on key c limatic variab les (prec ipi ta ti on and 

temperat ure) in cross-sectional da ta is o ne o f the significa nt li mita ti ons in c limate change 

impact studi es. Thi s is part icularl y true in deve lopi ng countries, where o ne meteorologica l 

stati o n set to cove r a wide geographic area (Yes uf et aI., 2008). To part iall y fill thi s gap, thi s 

stud y uses the climate da ta done by the thi n plate spline method of spa tia l in terpo la ti on and 

imputes household-s pec ific rain fall and tem perature values using la titude, lo ngitude, and 

e levat ion information for each househo ld obta ined from the survey. 

1.3 Study objectives and research questions 

The o bjec tive of the stud y is to ana lyze the effect of long- te rm cl imate change on agricultu re 

and to identi fy the o ptions fo r adaptation in Ni le basin of Eth iopia. 

The Speci fi c aim s of the stu dy are: 

1. to appl y the Rica rd ian mode l with appropriate mod ificati ons to assess the ex tent of 

th e re la tion ship be tween agricultura l income and c lim ate variables: 

11. to determinc thc marg in al impac t of temperatu re and precip itati o n o n agri cultura l 

JI1 come; 

111. to use the es ti mated Ri card ian mode l to pred ic t range o f potentia l future impacts o n 

agriculture under un ifo rm c limate change sce narios: 
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IV. to identify choices for adaptat ion measures that farm ers are using to mit igate potential 

impacts from expected changes in c lim ati c conditions. 

Considering the findin gs of c limate change impacts in other regions of the world, some 

re levant questions can be asked about c limate changes and the response of c rop agricu lture in 

N ile basin o f Ethiopia. 

• 

• 

What fac tors expla in the vu lne rability of the crop agricu lture? 

What is the impact of c limate change on agricultural profitability? Will crop 

agriculture profitable under future c limate change scenarios? 

• What long-term approaches should be reco mmended to maintain the adapti ve 

mec hani sms? 

1.4 Significance a/the study 

Taken as a who le , this study assesses the potcntial cconomi c impact of c lim ate change and 

the options for adapta ti ons, in ordcr to provide a meaningful insight and contribute to efforts 

a imed at ensuring incrcased food avail ability through sustain able domestic production and 

inc reased inco me from agricultural production. Therefore, the s tudy co ndu cted on the basis of 

c ross-dis tri ct analysis and ex trapo lates the results to all di stri cts in Ni le basin of Ethiopia, and 

extended these to a national leve l econo mic ana lys is o f the impacts of climate changes on 

agricu ltural produ ction and adaptati on strategies. 
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1.5 Scope and limitation a/the study 

One im portant li mitation of thi s study is that it lumps al l crops into one category i.e. general 

crop agriculture. Different crop types are affected diffe rentl y by climate change, and hence 

the need for further di saggregati on. Given that different crops have diffe rent climate 

requirements, future stud ies need to be focused on specific crop res ponses and adaptations, 

particularly crops which ha ve long-term implications ror food securit y in the region. This 

paper does not take into accoun t revenue from li vestock production, yet most fanners in Ni le 

basin of Ethiopia combine li vestock and crop production for subsistence. 

Anothcr shortcoming of this study springs from the nature of the household data used. 

Though there are data on long- term climate change, the full impact wou ld be better assessed 

with time series data on crop production. Long-term changes in agricu ltural production may 

beller renect the impact of long-term climate change than one- time estimates of produc ti on. 

Thi s cross-sec tional stud y does not take into account water suppl y and ava il abi lity in the 

anal ysis. The problem of wa ter cannot be properly addressed wi th out using a so phisticated 

hydrol ogica l- economic model. 

Although thi s stu dy does not examine the role of techno logica l change, change in prices for 

the futu re and carbon fertili zation effects, it does sugges t some importan t conclusions 

regarding climate change impacts studi cs. 
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1.6 Organization a/the paper 

The res t of the paper is organi zed as foll ows. Chapter two reviews the li tera tu re. Chapter 

three is devoted to research methodol ogy, functiona l fo rm of the empiri ca l models, dependent 

and independe nt variables, and data so urces. C hapter fou r provides some statistica l evidence 

on farmers' perceptions of and adaptat ions to c limate change in the Ni le bas in of Ethi opi a. 

Chaptcr five is all about econometric estim ation, regress ion res ults and di scuss ions. Chapter 

six co nc ludes and suggests po licy implicati ons. 
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CHAPTER TWO 

LITERA TURE REVIEW 

2.1 Approaches used to assess impact of climate changes on agriculture. 

In thi s chapter an array of economi c models th at are used to assess impacts of cli mate change 

on agriculture are presented first (Mende lsohn & Dinar. 1999 ). The n empiri cal lite rature 

rev iews on fa ctors that affect crop net revenue or ne t reven ue will be di scussed. The chapter 

concludes with discussion of adaptations to c limate changes. 

2.1.1 Agro-ecological Zone (AEZ) Models 

Agro-eco logica l zoning (AEZ) is a lso ca lled crop su itability approach. It is used to assess the 

suitability of various lands and biophysica l attributes fo r crop produc tion . In thi s approach, 

crop characteristics, ex istin g technology , and soil and climate facto rs, as determinants of 

sui tab il it y for c ro p prod uct ion, are included (FAO, 1996). By combining these variables, the 

model enabled the iden ti fication and distr ibuti on of potentia l erop produc ing lands. As the mode l 

inc ludes c limate as one determinant of agric ultural land sui tabilit y for c rop production , it can be 

used to predict the impact of changing c limatic vari ables on potenti a l agricultu ral output s and 

cropping patte rns. 

The AEZ method uses a simul ati on of crop yie lds, rather th an measured c rop yie lds. It is 

deve lo ped to loo k at potenti a l production capaci ty across va ri ous eco logical zo nes, not at 

wha t was ac tu a ll y occu rring. In pa rt , the reason for thi s focus on pred ic ted values is the lack 

o f re li ab le and acc ura te yie ld data o n a wides pread basis. Maximum potential yie lds for a 

give n produc tion area are estimated using a yie ld bi o mass simu lat ion mode l. 
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A di sadvantage of thi s mode ling process is that o ne ca nnot pred ict fi na l o utcomes witho ut 

ex pli c itl y modeling a ll re leva nt components. Even with re lati ve ly simp le agrono mi c systems, 

it is d iffic ult to build a genera l mode l that will predic t ac tua l yie lds across most location s. 

Jus t the o mi ssion o f one major influence would damage the model's predi ctions (FAO, 

2000). Altho ugh the AEZ mode l was not des igned to perform econo mi c ana lys is, economi c 

variables may be linked into it through a linear optimi zati on co mponent. The in c lu sion o f 

new tec hno logies over time would have to be mode led and farmers' eco nomic behavio r 

would ha ve to be integrated into the mode l. A serio us new in vestment would be required for 

the AEZ model to be used as a predic ti ve dev ice in researching c limate change. 

2.1.2 Agro-economic models 

The agro no mi c-economic approach is very simil ar to the o ne mention ed above. It begins with 

a c rop model th at has bee n ca li brated fro m carcfull y co ntro ll ed agronomic ex perim ents 

(Kai ser e t a i, 1993; Kumar & Pari kh , 200 1; Rosenzweig & Parry, 1994). Crops are grown in 

the fie ld or laboratory setti ngs unde r diffe re nt poss ibl e future c limates and carbon diox ide 

leve ls. No changes are perm itted to fa rming methods across ex perimental condit io ns so that 

all diffe rences in outcomes can be ass igned to the variables o f interest (tempera ture, 

precipitati o n or carbo n d io xide). The estim ates do not inc lude adaptati on. The c hanges in 

yie ld s a re then ente red into eco no mi c mode ls that pred ic t aggrega te c rop outputs and pri ces. 

Because eac h crop requires ex tensive ex periment s, o nl y th e most important c rops ha ve been 

studi ed to date. A lm ost a ll the agronom ic studi es ha ve consequentl y focused on grains. A 

notab le excepti o n is the study by Adams e t a l. ( 1998) that inc ludes no t only grains but a lso 

c itru s and tomatoes in orde r to account for more hea t to le rant crops. Beca use the lin k be twee n 

c lim ate and c rop y ie lds is de te rmined thro ugh contro ll ed ex perim ent s, the c rop modeling 

approac h dependabl y predi cts how climate affects yie lds. However, the ex perimen ts a re 
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cost ly so on ly a few locations ca n be tested . Th is raises a questio n about whether the 

experimen ts a re representa ti ve of the entire fa rm sector. In heav ily tested areas , thi s may not 

be a seriou s problem. However, in deve loping countri es there are only a few ex perimenta l 

sites and the res ults may not be general izable. Further, the conditi ons in deve lop ing co untries 

may require specia l adaptations suc h as irrigat ion that mayor may no t be included in the 

analysis (FAO , 2000). 

2,1,3 Ricardian cross-sectional models 

The Ricard ian mode l is the common cross-secti onal meth od that a ttempts to capture the 

innuence of economic and e nvironment al fac to rs on fa rm incomes or land va lues 

(Mende lsohn e t aI., 1994). Th is model analyzes a cross-sec ti on of fa rm s under d ifferent 

climatic co nditi ons and exa mines the relat ionship between the va lue or land (Sa nghi e t a I. , 

1998: Mende lsohn e t a I. , 1994) or net revenue (Kumar and Parik h, 1998: Mendelsohn et aI. , 

1994; Ouedraogo et aI., 2006; Molua & Lamb i, 2006; Kabubo-Mariara & Karanj a, 2006; Eid 

et a I. , 2006; Benhin ,2006; Sene et a I. , 2006; Ja in, 2006; Ma no & Nhemaehe na, 2006; 

Deressa, 2006 ) and agro-c limatic fac tors (Mende lsoh n e t a I. , 1994; Sanghi e t aI. , 1998: 

Kumar & Pari kh , 1998). 

The Ri cardian mode l has bee n appli ed to va lue the contributi on of env ironmen tal fac tors to 

fa rm inco me by regress in g fa rm perfo rmance (land values or net inco me) ta ken as de pendent 

vari ables on a set of environmental fac tors, trad it ional in puts (la nd and labor) and support 

systems (infrastructure) . These are indepe ndent va ri ables in the model. Thus, the Ricard ian 

approac hes measures the contributi on of each factor and detect the effects of long- term 

climate c hange on farm va lues (Mendelsohn e t a I. , 1994; Mendelsohn & Dinar, 1999). 
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The Ricardian approach is a c ross-sectional model which was named after David Ricardo 

(1772- 1823) because of his orig inal obse rvation th at land re nts wou ld re fl ect the net 

productivity of far ml and (Mende lsohn & Dinar, 2003). It has bee n applied in the United 

States agriculture to s tudy the impact of c li mate change using both ne t revenue and land 

va lu e as dependent vari able (Mendelsohn et a I. , 1994). Polsky and Esterl ing (200 1) used land 

value as dependent variab les in the Uni ted S ta tes to stu dy the same. 

In so me deve loping co untri es such as Burkina Faso (Ouedraogo e t a I. , 2006), Cameron 

(Mo lu a & Lambi, 2006), Kenya (Kabubo-mariara & Karanja, 2006), Egyp t (Eid e t a I. , 2006), 

South Africa (Benh in , 2006 and Gbetibouo & Hassan, 2005), Senega l (Sene e t aI., 2006), 

Zambia (Jain , 2006), Zimbabwe (Mano & Nhemachena , 2006), Ethi op ia (Deressa, 2006), 

Brazil (Sanghi , 1998), and India (Sanghi e t a I. , 1998, Kumar & Parikh , 1998), the Ri cardian 

approac h has been app lied to examine the se nsitivity of agricu lture to changes in c lim ate. It 

was mainly used to assess cconomic impacts of cl imate change o n agri culture in the above 

African countries by regress ing net re venue (or crop net revenue) per heCI:lre as response 

va ri able wi th c lim ate (temperature and prec ipit at ion), hydrological, soils and soc io-economic 

variab les takcn as ex planato ry vari ables. 

Po lsky (2004) and Ma no and Nhemachena (2006) desc ri bed tha t the value of a parcel of land 

in a well -fu nct ioning market sys tem sho uld reflec t its po tential profitabil ity. Th is implies 

spatial variation s in cl imate derive spatial va ri ations in land lI ses and in turn land va lues. II 

sho uld then be possible to estimate a mean ingfu l re lationsh ip between c limate and land va lue 

by spec ifyin g appropriate regress ion mode l. The estimated coe ffi c ients for the c limate 

variab les would reflect the economic va lue of climate to agri culture, hold ing ot her factors 

cons tant. 
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One of the adva ntages of the Ricardian model is its suitabi lity to in corporate farmers' 

effic ient adaptations by including re leva nt vari ables that reflect adaptati ons made by fanners 

to a lte r their operati ons in accord ance with a changing cl imate. Farmers adapt to cl imate 

changes to maxi mi ze profit by changin g crop mix . plant in g and harves tin g dates. and a host 

of agronomi c prac tices (Deressa. 2006). Man o & Nhemac hena (2006) described crop choice 

as an important example of fa nner adaptation strategies. where depe nding on the effects o f 

wa rmer cl imate. a particul ar crop wi ll be an optima l cho ice. Mende lsohn e t a l. ( 1994) also 

asserted the import ance of optimal c rop switc hing that must be considered whe n meas uri ng 

the impact of c li mate c hange on agriculture. 

T he Rica rdi an cross-sec tiona l approach is al so used for a comparati ve assess ment of wi th and 

without adaptation scenarios as used in the works of Oued raogo e t al. (2006) and Benhin 

(2006) .The other advantage of the Ricardian model menti oned in Deressa (2006) is that it is 

cost effective in a sense that secondary data on cross-secti ona l sites ca n be relati vely easy to 

collt:ct on climat ic, produc ti on an d socioeconomic f(lctors. 

One of the weaknesses of the Ri ca rdian approac h is that it is not based on co ntro ll ed 

ex periment s ac ross farm s. Farmers' res ponses vary across space not o nl y beca use of climatic 

factors . but also beca use of man y soc ia-econom ic condi tion s. Such non -climatic factors are 

seldom fully inclu ded in the model. Atte mpts have been made to inc lude so il qu ality. market 

access and so lar radiation to contro l for such effects (Mendel sohn et a l. . 1994; Kumar and 

Parikh. 1998). In genera l. however. it is often not possi bl e to get perfect measures of such 

va ri ables. Thus. not a ll of them may be taken into account in the analys is using the Ricardian 

method (Mende lsohn . 2000). 

The fact that the model assu mes cons tant pri ces is anot her drawback of the Ri cardian 

approach (C line. 19%). The inc lusio n of pri ce effec ts in to it is problematic. The Ricardian 
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approac h is weaker in thi s respect (Mende lsohn e t aI., 1994). Ex isti ng cross-secti onal studi es 

depend on a cross secti on within a country whe re there is little pri ce varia tion ac ross farm s, 

with the resul t th at the studies have not been able to estimate the effects o f prices. T he 

assumption of constant pri ces in Ricardi an studi es lead s welfare calculations to be biased 

(Cline, 1996). The cross-sec ti onal approach onl y measures the loss as produce r surplu s from 

c limate changes. It takes no noti ce of pri ce chan ge that would occur if supply changed. As a 

result, it omits consu mer surp lus from the an alys is. The result, according to Mende lsohn 

(2000 ), is tha t damages are underestimated (omit lost consumer surplu s) and benefits are 

overestim ated (overstate va lue of increased suppl y). Although Ri cardian approach does not 

address the problem of inclu sion of price e ffects, Mende lsohn e t a l. ( 1994) contend that the 

bias is less than 7 perce nt. 

Moreo ver, there are al so many arguments for the di ff iculty to include pri ce effec ts using any 

method (Mendelsohn and Ti wari , 2000). First, it is the g lobal markets that determine the 

prices of most crops. Therefore, pred iction of what would happen to each crop requires global 

crop models. It is difficult to predic t what will happen to the g lobal supply of any single crop 

in a ne w world c limate since global crop models are poo rl y calibrated. Second ly, Reill y et al. 

(1 994) po inted out th at the range of warming ex pected for the nex t century has o nl y small 

e ffect on aggregate suppl y. Thi s result is obtained from th e few g lobal anal yses completed so 

far. Finall y, if aggregate suppl y chan ges by only moderate amount , the bias from ass uming 

constant pri ces is re lati vely small. Thus, Mende lsohn and Ti wari (2000) argue th at keeping 

prices constant is justified because it does not pose a seri ous problem in us in g the mode l. The 

other argum ent , based on Ku rukul asuri ya & Rosenthal (2003), is that this weakness also 

app li es to al l agro-economic models . 
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The rea lity th at the mode l does no t take into account the fe rt ilization effect of carbon diox ide 

concentrati ons is another weakness of the model (C line 1996; Mende lsohn and T iwari , 2000). 

However, regardless of these weaknesses, it can be used to anal yze the impac t of climate 

change on agri cu lture by fully considering adaptati o ns fanners make to miti gate the harmful 

e ffects o f the change (Oercssa, 2006) . 

2.2 Empirical Literature Review 

There a re fo ur ways that climate would ha ve a phys ica l effect o n crops (Kuruku lasuri ya and 

Rose nthal, 2( 03) . Changes in temperature and prec ipitati o n direc tl y affect c rop produc ti o n 

and can even a lter the d istrib ution of agro-ecologica l zones. Secondly. increased carbon 

diox ide is ex pec ted to ha ve a positi ve effect o n agricu ltura l prod uc ti on due to grea te r wate r 

use effi c iency and hi gher ra tes o f p lant photosynthes is. Thirdl y, run off or wate r avai lability is 

c riti ca l in de te rmining the impact of c lim ate change o n c rop produc ti on, espec ia ll y in Afri ca. 

Fina ll y, agri cultura l losses ca n resu lt from clim ate vari ability and the increased freq uency of 

changes in tempera tures and prec ipitation (inc lud ing droughts and n oods). 

Kuruku lasuriya and Rose ntha l (2003) state that in mid dle and hi gher la titudes, hi gher 

tempera ture will le ngthen grow in g seasons and ex pand crop produc in g areas po le-ward , thu s 

benefitin g cou ntri es in these regions. In contras t, in lowe r latitudes, it is ex pec ted that higher 

temperature wi ll adversely affec t growing conditi o ns. especially in areas where temperature 

close to o r a t optimal leve l for c rop growth to begin with . 

Ouedraogo e t a i. (2006) exa mined the impac t of c lim ate change on agriculture. Result s fro m 

th eir stud y in d ica ted th at the re lati onship between ne t revenue and te mperature and 

prec ipita ti o n is non-linear. Thi s mea ns th at temperature or prec ipi ta ti o n affec ts ne t revenue 

pos iti vely up to a certa in limit , above which it causes damage to crops. The above autho rs 

15 



showed that a IUe temperature inc rease will decrease ne t reve nue by US$ 19.9 per hectare. 

But I mm/mo nth precipi ta tio n increase wi ll increase revenue by US$2.7 per hecta re. 

By us in g Int e rgo vernmenta l Pane l o n Cl im ate Cha nge (JPCC ) unifo rm climate scenarios, 

they a lso showed that an increase in temperature and a decrease in prec ipitation are critical 

for crop y ie ld in Burkin a Faso. For examp le, an increase in temperature of SoC will be very 

harmfu l for agricu lture. At thi s te mperature fa rms wou ld lose 93 % of their ne t revenues 

o bta ined from crops. Farmers would also lose the ir en tire net revenue fro m crops if 

prec ipita tions decreased by 14 %. Molua and Lambi (2006) a lso sho wed that ne t reven ues will 

fa ll when precip itat ion decreases or temperature in crease s across fa rm s in Camero n. 

Ka bubo-Mari a ra & Karanja (2006) stud y the economi c impact o f c limate change o n Kenyan 

c rop agricu ltu re. The ir results showed that c limate affect agri cultura l produc ti vity. The result 

furth er showed that in creased w inte r te mperature assoc iated with hi gher c ro p revenue, but 

increased summer temperature has a negati ve impact. Increased prec ipitation is positi ve ly 

corre lated with ne t c rop yie ld. 

The estimated marg inal im pacts of c lim ate vari ables (temperature and prec ipi tati on) revealed 

th at globa l warming is harm fu l fo r agri cu ltura l produc ti vity i.e . the temperature component of 

glo ba l warming is much important than precipita tion for crop agri cu lture in Ken ya. Kabubo­

Mariara & Karanj a (2006 ) confirmed thi s res ult by various c lim ate chan ge scenarios on 

agri culture. T he two Gl oba l Circulation Models (GCM ) used fo r the ir stud y are Canadian 

C li mate Change (CCC) and Geophys ica l Fluid Dynam ics Laboratory (GFOL) mode ls wh ich 

pred ic ts 3.S"e and 4"e changes in te mperature by the year 2030 respec ti ve ly. Both mode ls 

pred ict a 20% chan ge in prec ipi tation over the same period. The pred ict io n res ult s confirmed 

th at g loba l warmin g wi ll have a substanti a l impac t o n cro p ne t reve nue . These con ditio ns are 

pronounced more in medi um and low potenti a l zones than in hi gh potentia l zones. Based on 

16 



the CCC mode l, they pred ic ted a 1% (US$3.54 per hectare) gain in high potential zones but a 

2 1.5 % (US$54 per hec ta re) loss in medium and low potenti a l zones. The GFDL mode l 

predic ted a loss of US$32 pe r hec tare in the high po tential zo nes compared to losses of 

US$ 178 pe r hec tare in medium and low potential zones by the year 2030. 

Fisc her and Velthu ize n ( 1996) and Dow nin g ( 1992) al so studi ed the im pact of clima te change 

o n Kenya. They fo und that higher temperature wou ld ha ve positi ve impact in hi ghland a reas. 

Dow ning (1992). used a model of land use to es timate changes in ava il ability of land suitab le 

for cropping. has shown th at in hi ghl and areas of western Kenya. there is like ly to be a 67 

percen t increase in high potentia l land in response to a 2.5° C rise in average temperature. in 

contras t, ri s in g ambie m tempera tures may have a detrimenta l effect in man y low land areas. 

particularly th ose that are sem iarid . 

Eid e t a!. (2006) assessed the eco nomic impac ts o f c limate change on agric ul ture in Egy pt. 

They deve loped and estimated fou r d ifferent Ricardi an mode ls. With res pect to the standard 

Ri ca rdian model , res ult s showed that an increase in temperature of IUe wou ld red uce net 

reven ue by US$968.94 per hectare witho ut li vestock and US$ 1044.28 per hectare with 

li ves tock. In the second model inc luding irri gat ion in the anal ys is reduces the harmfu l effect 

of increased temperature. In thi s model, ne t revenue increased by US$26. 17 per hec ta re 

wi tho ut li ves tock . Net reven ue reduced by US$ 1680. 14 per hec tare when li ves tock is 

in cluded. In the third mode l, they inc lu ded linear and quadratic te rm s of now. In thi s case net 

revenu e inc reased by US$ 150.96 per hecta re w itho ut livestock and decreased by US$ 1412.4 1 

per hectare when li ves toc k is in cluded. Fina ll y, increased net reve nue by US$77.78 and 

US$ 1837. 17 per hecta re is expected withou t and with li ves toc k re spect ive ly when heavy and 

li ght machineri es included in the analys is. 
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Benhin (2006) studied economic impacts of climate change on crop farming acti vi ti es. He 

examined how long-term fa rm profi tability vari es with loca l cli mate such as temperature and 

prec ipitation , while controll ing other fac tor in Sou th Afri ca. Models were est imated for 

different farmin g systems. Marginal impac t anal ysis from hi s study indicated that all farming 

sys tems under consideration will ex perie nce positi ve annual crop net reven ue im pacts from 

increased prec ipita ti on except the small -sca le farms. An increase in crop net revenue of US$2 

fo r the whole country, US$29 fo r irri gated farm s, US$20 for dry land farms and US$25 for 

large-sca le fa rms, but a fa ll of US$28 for sma ll -scale is expected with a I mm/mon th annual 

increase in prec ipitation. 

Benhin (2006) used climate scenarios for Sou th Afri ca. Thesc cl imate scenarios indicated that 

temperature wil l increase by 2.3°e and 9.6ue whil e precipi tati on will decrease by 2% and 

8% in 2 100. Using these va lues of temperature and prec ipitation , the study predicted that crop 

net revenue will fall by as much as 90% by 2100, small sca le- farm s being most affected. 

Two Ri ca rdi an approach studies in South Afri ca which arc contradictory in their find ing were 

done by Deressa et a1. (2005) and Gbet ibouo and Hassan (2005) independe ntly on the 

econo mi c impact of c li ma te change on sugarcane production and major Sou th African fie ld 

crops respecti ve ly. The former employed a time series analys is. This analysi s showed th at 

climate change has non-linear impacts on net revenues wi th low sensiti vity to futu re increase 

in prec ip itat ion than in temperature. Moreover, they al so find th at an increase in temperature 

of 2°e (which is caused by doubling of carbon diox ide) and precipitation by 7% would have 

a negat ive im pact on sugarcane production in Sou th Africa. The latter authors tri ed to ana lyze 

the economic impac t of climate change on major field crops. They fou nd tha t fi eld crops are 

less sensit ive to marginal changes in precip itation th an changes in temperature comparati ve ly. 

Irri gat ion is an effecti ve adaptat ion measures to the harm ful effec t of climate change on fi eld 
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crops in this ana lys is bu t Irrigation do nO! provide an effective option fo r reducing climate 

change impacts in sugarca ne product ion: two contrary finding in South Afri ca. 

Sene et a l (2006) exami ned the econom ic impact of c limate change o n small fa rmers' ne t 

revenue. In thei r s tud y sma ll ra in fed fa rms a re hi ghl y vulnerabl e to c lim ate change. They 

observed the impac t of an increase in tem perature of 1.5"C co mbined with 8.5% decrease in 

ra infa ll in the one hand and the sa me increase in temperatu re and a 17% decrease in ra in fa ll 

on the other hand. These simultaneous changes in temperature and rainfa ll indicated that fa rm 

ne t revenues will be aFfected by Furrher inc rease in temperature an d decrease in ra in fa ll. T he 

implicatio n of these res ults is that agricu ltu ra l productio n in Se nega l co ul d be aFFec ted by 

hi gh temperatu re and low ra in Fa ll . 

Mano & Nhe machena (2006) showed that agricultural produc ti ons of smallho lder fa nn ing 

sys tem are significa ntl y constra ined by hi gh tem perature and low precipitat io n. Their st udy 

tri ed to see the impact of S RES (Spec ia l Report on Emi ssio ns Scenarios) cl ima te change 

scena ri os speciFica ll y us in g CGM2 (Ca nad ian G loba l C limate Mode l 2), HadCM3 (Hadley 

Centre C li mate Mode l 3) and PCM (Para ll e l Cli mate Mode l). Farm net reve nues wi ll 

decrease by US$0.8 billi on using CG M2, US$ I .3 billi on using HadC M3 and US$ IA billi on 

usi ng PCM in Zimbabwe. 

According to Deressa's study (Deressa, 2006) for Ethi opia, bot h increasing tem perature and 

decreas in g prec ipitatio n are damagin g Ethi op ian agricu lture. Thi s conc lu sion is based on 

margina l impac t analys is (increas ing tempe rature and precip itation across the fo ur seasons 

such as wimer, spri ng, su mmer and fall), impac t of uniform and SRES c lima te scenarios. 

Deressa's (2006) margin al impact ana lysis ind icated tha t ne t revenu e wou ld reduce by 

US$ I77.62 and US$464.7 1 per hec tare with increas ing tempera ture du ri ng summer and 

winte r respec ti vely. Net revenue increased by US$225.09 during spring with increas in g 
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precipitation. Secondly, the impact o[ uniform climate scenarios on net revenue per hectare o[ 

Ethiop ian farmers examined via increasing tem perature by 2.S"C and sUe and decreasing 

prec ipitation by 7% and 14%. In these scenarios, increasing temperature appeared to be less 

harmful than dec reasing precipi tati on. His empirical evidence indica ted that decreas ing 

precipitation and increasing tem perature by 14% and SoC reduccd net revenue by US$O.39 

and US$O.OOO 16 correspond ingly, which is ve ry sma ll compared to this study Findings (see 

chapter ri ve [or more de tails). Finally, the results of the predicted impacts from the SRES 

models for the nex t five and ten decades indicated that there wou ld be a positi ve net reven ue 

impact though thi s net impacts in all cases are very small. 

2.3 Adaptations to climate changes 

Adaptation to c li mate change impac ts in genera l and to the agri culture sector in particular is 

an ex isting phenomenon. The agriculture sector has the capacity to adapt prov ided that 

technologies, resources. and managemel1l changes have been undertaken relati vely qu ickl y 

(Mendelsohn , 2(00). 

Throughou t human history, soc ieties ha ve adapted to natural climate variability by altering 

settlement and agricult ural patterns and other face ts or their economies and li festy les. In the 

past human hi story, adaptat ions to climate have been remarkably successful. Scholars in the 

field characte ri zed hum an beings as th e most adaptab le of an imal species. Coping wi th 

climate has not always been easy or successful as the reco rds or co ll apsed societi es reveal 

and there are st ill limits to adaptations. This long reco rd of adapting to impacts of weather 

and climate is through changes in behav ior, choices of technology and infrastructure, use of 

market instruments and pub lic policies. Crop divers ification, weather and seasonal climate 

fo recastin g, drought and hurricane early warning sys tems. flood protection, weather 

derivat ives, and estab lishment or coas tal-se tbacks are on ly a rew examples or proacti ve 
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adaptation measures. Adaptat ion can be reactive suc h as emergency response, disaster 

recovery, and even migrati on (Ku rukulasu ri ya and Rosenthal, 2003). 

Dec isions on the type of adapta ti on are o ften made by indi viduals, groups within soc iety, and 

organiza ti ons and governments on behalf of soc ie ty. Some adaptati on measures may be taken 

a t individual level. O thers li ke rain wate r harvesti ng and in ves tm en ts, build ing dams, re leasing 

new culti vars that are more drought res istance require collective act ions. These time soc ie ties 

ha ve inherent ca pac ities to adapt to climate change and ha ve deve loped differe nt adaptati on 

and miti ga tion strategies to combat climate change. They have deve loped knowledge, ski lls, 

techn ology, in stituti onal arran ge me nt s and strategies that are importan t fo undati ons fo r 

adaptin g to long-te rm climate change. Based on the type of economic activit ies and social 

ne tworks soc ie ties ca n access loca l coping strategies agai nst shoc ks. These hi ghl y diffe r 

among househo ld s and communities . Communiti es have always adapted to cl imate variations 

by mak ing prepara tions based on their resources and know ledge acc umul ated through 

ex peri ence of past weathe r pattern. The adapti ve measures that households use when faced 

with c limate change co uld a lso d iffe r in te rms of the ir ease of imp lementat ion, eq uity effec ts, 

lag between implemen tati on an d effec t, the ir cost of im pli cat ions, com patibi lity with other 

programs, and agencies imple ment ing measures (Ad m ass ie, 2008). 

The capac ity to ada pt to c limate change al so varies ac ross countri es, soc ial groups and 

regions over time. These ca pac ities will depend to a large ex tent on the availability of natural 

resources, their leve l of developme nt, the ir resource base, techn olog ica l knowhow and leve l 

o f in formati on about c limate change, and the ir sc ienti fic & tec hni ca l capac ity. Greater 

economic resource ava il ab ility increases adapti ve capacity whil e the lack of it limits 

adapta ti on options. Tec hnological options limit range of potenti al adaptati on cho ices. Hence, 

adaptation measures are very muc h related to socio-economi c conditi ons o f the country and 

commu nity g iven bas ic fo rm s of adapta tion s inclu d in g micro- leve l adaptat ions such as 
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diversifi cat ion and intensification of crop and livestock production, changing land use, 

irrigati on and alterin g the timing of operations, market responses, instituti onal changes and 

technological deve lopmen ts (Kabubo-Mariara & Kara nja, 2006; Darwin et ai, 1995), 
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CHAPTER THREE 

RESEARCH METHODOLOGY 

3.1 The Ricardian Method/Approach 

The Ricardian method is a c ross-sectio nal approac h to study in g agri cultural production. It is 

based on land rent whi ch is see n as the ne t revenue fro m the best use of land . T he land rent 

woul d refl ect the net prod uc ti vity of fa rm land. Farm va lue (V) co nsequent ly re fl ec ts the 

present va lue of fu tu re net prod uc ti vity. T he prin ciple is captured by the fo ll ow ing equ ati ons 

(Me ndelsohn & Dinar. 2003): 

Ass um in g the ex istence of a set of we ll -behaved production func ti on of the fo rm : 

Q, = Q,(K,.E). i = I,2, ... ,n .................. . ......... .............. . . . ........ . ....... ( I ) 

W here: Q, = is the q uan ti ty or the product of good i 

K, = (k", k" , ... , k'I ' ... k,») is a vector of all purchased inputs j used to produce Q" k/j = 

the purchased input j (1,2, ... , J ) in the prod uction of good i. 

E = (E" E" ... , E"" ... , EM ) is a vec tor of site spec ific exoge no us environmen tal factors 

such as cl im ate( te mperature and prec ip itati on) and soil. 

G iven a set of ractor pri ces WI' E and Q, cost minimization provides the cost fu nct io n o f the 

form : 

C, = C,(Q" W, E) ................. . ...... . ..... (2) 

Where: C, is the cost o r prod uct ion of good i and W (w" IV" ... , w"l is a vector of facto r 

prices. 
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Using the cost function C, at a give n market prices, the profit maximi zation by farmers on a 

g iven site can be spec ified as 

M aX(lf) = P,Q/K" E)-C,(Q" W, E) - P'L, .. (3) 

Where : I~. is the annual cost or re nt of land at that site, L, is the land in hec tare. 

Under perfect competit io n a ll profits In excess of normal re turn s to all fact ors (rents) are 

driven to zero i.e. 

P,Q,' (K" E)- c: (Q;, w, E) - P'L, = 0 ....... ... .. , .. .. ... .. .. (4) 

If the production of good i is the best use of the land given E, the observed marke t rent on the 

land will be equa l to the annual ne t profits from the produc tio n o f the good. So lvin g equation 

(4) for 1',. g ives the land rent per hectare to be eq ual to ne t reye nue per hec tare. 

P, = (P,Q: (K" E) - C: (Q; , w, E)) I L, ....... . ... , ........ .. .......... ... . . .. (5) 

The present va lu e of the stream of current and future revenues gives the land va lues, V,-: 

\I = [P emdl. L I. 

iI 

= [I (P,Q:( K" E) -C/Q', W ,E))/ L, le"'dl .. (7) 
II 

The fa rmer is assumed to choose K to maximi ze ne t revenu es given the charac te ri stics of the 

farm and market prices. 

The Rica rdi an mode l is based o n a set of ex planatory variab les such as c limate, soil s and 

soc ia-economic variables th at affects farm value. The mode l uses actual observations of farm 
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performance in di ffe rent agro-c limatic zones (Mendelsohn et a l. . 1994) . The standard 

Rica rdi an model relies on a quadrati c formula ti on of climate: 

v = Bo + B, F + B, F ' + B)Z + B,C + 1I .. . .. .... .. ..... . .... . ........... (8) 

Where : 

F = vector of climate variables 

z= set of soil variab les 

G= set of soc ia-economic variable s 

1I= an error term 

F and F ' capture linear and quadrati c terms for temperature and prec ipit ati on. The 

introducti on of qu adrati c te rm s fo r temperature and prec ipitation refl ects the non-li near shape 

of the response function betwee n net reve nue and c limate. From pas t studies one ex pects that 

farm reve nues will have U-shaped or hill -shaped re lati onship with temperature. When the 

quadratic term is pos iti ve, the net reve nue fun ction is U-s haped, but the quadra tic te rm is 

negati ve, the fun cti on is hill shaped. For each crop, there is known temperature where that 

crop grows best across the seaso ns though the optima l te mperature vari es from crop to crop 

(Mende lsohn e t a I. , 1994) . 

Gi ven equ ati on (8) one can deri ve the marginal impact of climate variables (j; ) on crop 

revenue eva luated at the mean as fol lows: 

Ej dVI = EIB +2 B, *I I dh 1.1 ~.I I 

= BI.. + 2 * B, .• * E(f,) . .. ...... . .. . .... . .... , .. . .. . ...... ... . ... . . . .. ...... (9) 

25 



The change in economic wel fare, L'I W , resulting from an environmental change from A to B, 

which causes environmental inputs to change to EB can be measured as fo llows 

(Kuruku lasuri ya and M endelsohn, 2006). Here one can analyze the impac t of exogenous 

changes in environmental vari ab les on net econom ic we l fare (L'l W ). The net economic 

we l fare is the change in we l fare induced or caused by changing environment from a gi ven 

state A to B, which causes environmental inputs to change from E" to EIJ ' The change in 

annual welfare from thi s envi ronmental change is gi ven by: 

~ ~ 

= f [(1';Q, (K" EB ) - C, (Q" W, EIJ ))/ L,lem dQ - f L(1';Q,(K" E,,) - C, (Q" W. E" ))/ LiJe"' dQ.(1 0) 
o 0 

I f markct pri ccs do not change as a resu lt of the change in E , then the above eq uation reduced 

to: 

L'lW = W(E,J - WeE,,) 

n n 

= [PQB(K" EIJ) - I c, (Q" w, EIJ ) /-[ PQ" ( K" E,, )- I C, CQ" W, E,,) [ .... .. ...... ( II ) 

Substi tu ting for PL L = 1';Q: - c, CQ: , w. E) from (5) 

L'.W = W(EB) - W(E,, )= I(PLB LB,- P/A LA,) .. . ..... . .. .. .......... ( 12) 
, :: 1 

Where ~.A and LA are at Ell and ~.II and LIJ are a l EIJ' 
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The present va lue of welfare change in thu s 

j ~ Wed< = f (V,.IILU; - V'AL",) ... . , ... . , .. . ...... , .... . . , ............ , ........... , ... . .. ........... (13) 
o ;=1 

The Rica rdian model takes either (12) or ( 13) depending on whether data are avail able on 

annual ne t revenues or capitali zed ne t revenues ( land va lues, V,,), The model in ( 12) was 

empl oyed fo r this study to measure the impact of c limate change in Ni le basin of Ethi opia, as 

data on land prices for the selected sa mples were not ava il ab le. Thi s approach have been 

appli ed by Sangh i et a l. ( 1998) and Kumar & Parikh (1998) for India, Deressa (2006) for 

Ethiopia, Ouedraogo e t a l. (2006) for Burkina Faso, Molua & Lambi (2006) for Cameron, 

Kabubo-Mariara & Karanj a (2006) for Ke nya ,E id et a l.(2006 ) for Egypt, Benhin (2006) for 

Sou th Africa, Sene et a l. (2006) for Senega l, Jain (2006) fo r Za mbi a and Mana & 

Nhemac hena (2006) for Zimbabwe'. 

3,2 Model Specification 

The empi ri ca l models deve loped for thi s study fo ll ow the works of Mende lso hn et al. ( 1994), 

Sanghi et al. ( 1998), Oued raogo e t a l. (2006) and takin g into accoun t the c li mate in Ni le bas in 

of Ethi opi a. T he mode ls exam ine how lon g- term fa rm pro fitabil ity varies with c limate 

(temperature and precipita ti on) and so il s while controlling fo r other factors. Relevant socio-

economic vari ables are al so assessed to see the ex tent to which they control or worsen the 

adve rse impacts of climate change on crop agricu ltu re . Two main model s are form ul ated: 

'without' adapta ti on and ' with' adaptat ion. The forme r in clude o nl y climate and soil 

variab les, while the la tte r in addition to these variab les inc lu de releva nt soc ia-economic 

variables suc h as wheth er the farm irri gated, cropland area, livestock ow nership, distance to 

neares l market fo r obtaini ng inputs and se lling producls, access 10 fo rmal ex tension, farm to 

I This methodology has been applied in Canada since in 1970. 
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farm ex tens io n, access to fo rm al c red it , hou sehold size, yea rs of education of the household 

head and fann in g experi ence. These two models estimated fo r sample farm s th at represe nt 

Nil e basin of Ethiopia (he re afte r called full sample mode l or en tire farm mode l), irrigated 

and dry land fa rms to assess any sign ificance difference in the impac ts of c limate change o n 

these diffe rent fa rmi ng systems. T he descripti ve s tatis tics I'o r the above soc io-econom ic 

vari ables and o ther variabl es used in the regress ion are prese nted in Table A- I , Tab le A-2 and 

Table A-3 in the annex . 

The mode l without adaptation options includes o nl y the physica l variab les (temperature, 

preci pita ti on and soi ls): 

NR _ I \ ha = Bo + Bl slIJ11 _ , + B2sum _ ( 2 + B] ~vin _ I + B~ win _ , 2 + B.~ spr _ { + B()spr _ f '1 

+ 87 fal _ ( + BRjol _ 12 + Bt) sum _ p + BIIlSlIl11 _ p 2 + 8,,\.vin _ p + 8 12 win _ p l + BlJ spr _ p 

" 
+B"sp" _ ,, ' + B" jal _ " +B,.fal/ _ 1" + I t. ,soil, + £: .. . .. . ... Modell 

1=1 

The mode l with adaptation inc ludes the prev ious variab les and I'arms charac tc ri s tics: 

NR _ 21 ha:::;:; Bu + B,sulI1 _ ' + 82sum _ , 2 + B3wil1 _ 1 + 8 'I IVil1 _ / 2 + B'j spr _ I + Bospr _ 12 

+ B7Ia l _ I + B.", fa / _ { 2 + 8 <)s lI/11 _ P + Bl(J sUI11 _ ,/- + 811 win _ p + B,,! win _ p 2 + BDspr _ p 

+B" sp" _ ,, ' + B" jCt! _ I' + B16 jCll _ ,, ' + i. t. ,soil, + IQ) X I +£,' ...... " ............. Model2 
,"' 1 /=1 

W here: sum_ t, win_ t, spr_ t and fal_ t are the mean long-term weath er temperature for the 

summer, wi nte r, spri ng, and I'a ll season res pec tive ly, and sum_p, wi n_p, spr_p, and fa l_p are 

the mea n long-te rm weather prec ipitation for summer, win te r, sprin g, and fa ll season 

respecti vely. The vari ables X J are set of socio-economic variab les and the /3 , t., and Q are 

coeffi c ie nts of the seasonal temperature & precipitation , so il s and soc io-economic variables 

respectivel y. E: and E; are the ra ndom di s tu rbance term I'o r the firs t and second mode l 

respecti ve ly. 
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It is not obvio us how to rep rese nt monthl y temperature and precipi tati on data when Ricard ian 

regress io n mode l is applied (Kuru kul as uri ya & Mende lsohn , 2006). T he correlat io n between 

adjacent months is too hi gh to include every mo nth . Thi s stud y explored several ways of 

de finin g three- month average seasons. Comparing the result s, definin g summe r (the average 

for June, Jul y and August), win te r (the average for December, Jan uary and February), spring 

(the ave rage for March, April and May) and fa ll (the average for Septem ber, October and 

Nove mber) provided the most robust resu lts for Nile basin of Ethi opia. 

The independent vari ables inc lude the li near and qu adra tic te rms of tempera ture and 

prec ipi ta ti o n and o nl y linear term s o f soil s and farm characte ri stics . 

3.3 Description of dependent and independent variables 

3.3 .1 Crop net revenue per hectare 

The depe ndent variable (Y) ind ica ted in eq uation 8 is measured as crop net revenue per 

hecta re of c rop land. Crop ne t revenue for thi s study is gross crop revenue whi ch is the 

product of total harves t and price of the c rop (the va lue of c rop produc ti on) less total 

assoc iated cost of produc ti o n ca lculated for each agri cul tura l house ho ld . The total harvest of 

the crops in cludes harvest used for ho useho ld consumpti on, lives toc k feed and harvest sold . 

T he to tal cost is the to tal variable cos t (TYCs) which inc ludes ex penditure o n transport , 

pac kaging, marketing, storage, post-harvest losses, fe rti li zer, pesti c ide, seeds, labor, and other 

deprec iation costs of the use of light and heavy machinery. Other costs included are ren t paid 

o n c ro pland and inte rest pa id o n loans. Thi s stu dy tri es to e xc lude the cost of ho usehold labor 

fo r va rio us reasons. Taki ng in to cons ide rati on of ho usehold labo r costs led to negati ve ne t 

incomes, which can be expl ained as the effect of over estimating the wo rk ing hours which in 

turn de te rmining these is prob lemati c in famil y agri culture, as reported in the agricu ltu ral 
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literature ( Bard han & Urdry , 1999). This s tud y therefore defined crop net revenue without 

hou se ho ld labo r cost and co ntroll ed for the effect of hou seho ld labor by inc lud ing househo ld 

size as a proxy for it as dependent vari ab le in the estim ati on mode l. 

3.3.2 Clima te variables: temperature and precipitation 

Thi s data (temperature and prec ipi tatio n) were construc ted from weat her sta tion using 

inte rpolati o n in to areas where observa tions are mi ss ing fo r each month of the survey year 

period (2004/2005 ). Mende lsohn e t a l. (2004) revea l th at weather stati ons give acc ura te 

measurcs of gro und condi ti o ns. T hese mo nth ly mea ns were estimated fro m approximate ly 50 

years of da ta (195 1- 2000) to re flec t long-te rm c limate changes ra ther th an short-term 

vari a tio ns. Idea ll y, the temperature and prec ipit atio n da ta for the 50 years leading direct ly up 

to 2004105 would be used , but becau se lo nger-te rm trends are of in te rest, and because climate 

change is most drastic in the lon ger run , using data fro m 195 1- 2000 rather th an from 195 1-

2004 sho uld not be of muc h prac tica l concern. 

3.3.3 Soils variables 

Different soi l types are inc lu ded in the study. These soil s are sandy, c lay, dark , red, and dark 

red . One should no te that although these soil s see m to be more prominent in Ni le basin of 

Ethi opi a th is does not imply that they are a lso important for crop fa rmin g ac tiviti es. The 

expected effec t of the se so il s will depe nd on the type of the soil. 

30 



3.4 Data sources and description o/the study area 

3.4.1 Data sources 

The analysis fo r thi s study uses data a t the ho useho ld leve ls on farm ac ti vit ies, c li mate, soil s 

and socio-economic informa ti on. T hese three sets o f da ta are discussed below. 

Farm household data : Farm house ho ld data were obtained fro m a c ross-sec ti ona l hou se hold 

survey of fa nners carri ed out during the 2004/05 produc ti on year in Nile Basin of Ethi opia by 

Envi ro nmcntal Econo mics Policy Foru m for Ethi o pia (E EPFE), Ethiopian Deve lopment 

Research In st itute (EDRI) in collaborati on with Internati o nal Food Poli cy Researc h Institute 

( IFPRI) to analyze the poten ti a l impact of c li mate variability and c limate change on 

ho usehold vulnerabil ity and farm produc tio n. The househo ld su rvey covered fi ve regiona l 

states of Ethi op ia. These are Amhara, Oromi ya, Beni shangul -Gumuz, T igray, Sou thern 

Natio n Nati o nalit ies and People (SNN P), 20 di stri c ts, and 1000 households. The sample 

distric ts we re Jlurpose ly se lected to inc lu de di ffe rent att ributes of the basin such as traditi onal 

topo logy of agro-ecological zo nes in the coun try (Kolla, Wo;na Dega, Dega, Bereha), the 

degrce of irrigati o n ac ti vity (pcrce nt of cu ltivated land under irrigation) , ave rage ann ual ra in 

fa ll , ra in fa ll variabili ty (cocffi c ien t of variati on fo r annua l ra in fa ll ), and vu lnerabi lity. 

One peasant assoc iation was se lec ted from each di stri ct making a tota l of 20 by purposive 

sampling method to in clude ho useho lds that irri gate their fa rm s. Once the peasant 

associat io ns were chosen, SO farmers were selected at random from each peasa nt assoc iati on, 

making, 1,000 which is the tota l number of popu lati on (See Deressa e t a i. , 2008 an d Yes uf e t 

ai. , 2008 for de tai ls). 

The questi onn aire for thi s survey attemJlted to capture in fo rm ati on on the pertin ent variables 

requ ired to ca lcul ate crop ne t revenues and to ex plain the vari at ion in ne t reve nues across 
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representative sample di stri c ts, and agro-c li matic regions. The ques ti on naire is intended for 

households that have harvested any crops or so ld any livestock in 2004/05 prod uction year. 

The questi onna ire ha s nine main sections. Section one focused main ly on household 's 

characteri stics- members of households, educati on, and em ploymen t while section two 

foc used on household asse ts, basic services, ili sease and shock. Sect ion three is abou t land 

tenure. Sectio n fo ur is about fa rm machinery, farm build ings, wel ls and pumps e tc. The 

questions in section five and six are mainly about crop produc ti on- an nual and perenni al 

crops and li vestock producti on respective ly. Deta il ed in fo rm ati on was obta ined on crop 

farmin g act iviti es with respec t to the types of crops grown, the area of land planted, the 

amount of harves ted and so ld and other crop fanni ng rela ted costs such as seeds, fertil izer 

and pesticides, li ght and heavy machinery and farm anim al power as well as on li ve stock and 

pou ltry products. such as m il k, beef, eggs, and woo l. Sect ion seve n is about fa nners' access 

to credi t. market and cxte nsion. Sec tion e ight is abou t expe nditure on food and expenditure. 

Finall y, sect ion nine is about percepti ons of climate change and adaptat ion options farmers 

used. 

Climate data: These were obtained from the same survey menti oned above. The temperature 

and precipitation data for eac h dist ric t comes from the same source. Some of the study 

distri c ts have the ir own metro log ical stati ons whi le others have no such metro log ica l sta tion 

to measure both temperature and prec ipitati on. Therefo re, thi s stud y uses the data done by the 

thin pl ate spl ine meth od of spatial interpo lati on and imputes household-spec ific rainfa ll and 

temperature va lues to correc t thi s lim itat ion (Yesuf e t a I. , 2008). 

Soil Data: the soi l data for thi s study comes from the same survey menti oned above. 
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3.4.2 Description of the study area 

The s tud y area (Ni le basin of Ethiopia) covers a total of about 358,889 Km '-equi va lent to 

34% of the to ta l geographi c area of the coun try. Arou nd 40% of the popu la tion of Ethiopia 

li ves in thi s basin . T he basin covers the s ix regional states of Eth iop ia in diffe rent proporti on: 

38% o f the tOl al land of Amhara, 24% of Oromi ya, 15% o f Be nishangul -Gumuz, II % of 

Ti gra y, 7% of Gambella, and 5% of Sou thern Nation Nation alities and Peoples (SNN P). 

The Abay Ri ver, whi ch ori ginates in the ce ntral highl and s; Tekkezze Ri ver, which o ri ginates 

in the no rthwes t; and the Baro-Akobo Ri ver, which ori ginates in the southwestern , are the 

major rivers in the Nile basin o f Et hiopia . They provicJe an estimated tota l annual surface 

runoff amounting to 80.83 bi lli on cubic mete rs per year. Thi s number is approximate ly 

equ ivalent 10 74% o f Ethi opia's 12 ri ver basins (MoWR, 1998; Deressa e t aI. , 2008). T he 

study area wi th its traditional agro-ecologica l zones is shown be low. 
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Source: Deressa et al. (2006) 

,...---------, ..... ,. 

Note- ) District s surveyed in Nile basin of Ethiopia are: I= Hawzen. 2= Alsbi wonbc rta. 3;::Endamchoni. 
4;::Dcbark, 5;::Sanja, 6;::Woge ra, 7;::Kc mkc m. 8;::Encmay, 9;::Quari( , IO=Gimbi. II = Haru , 12;:: Limu, 
13;:: Nunu kumba , 14=Kcrsa, 15= Hindabu Abote , 16=Bcreh AlclIU, 17= Wornberil, 18;:: Bambasi. 
19;::Sirba Abay and 20=Gcsha Daka 

Notc-2: Kalla . Woina Dega , Dcga and Bcrc ha are coloured with bluc. grcen, red and grey respec ti vely. 

Figure- I: Map of trad itiona l agro-ecologica l zones and woredas selec ted for sample in Ni le 
Basin of Ethiopia 
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CHAPTER FOUR 

DESCRIPTIVE STATISTICS 

4.1 Farmers' perceptions of and adaptation to climate change. 

This sec ti on ana lyzes fanners' perceptions of climate change and adaptation methods 

deve loped and implemented by fanne rs in Nil e bas in of Ethiopia. Moreover, this section 

presents the outcome of the survey of farmers' constraints in their farming practices in response 

to cl imate changes . 

4.1.1 Farmers' perception of changes in the climate 

The survey instruments were designed to capture farmers' perceptions and understanding of 

c limate change as well as their approaches to adaptations. The farmers were asked whether they 

have noticed changes in mean temperature and rainfall. Results show that 53% of the selected 

ho useholds ha ve perce ived changes in the mean temperature while the corresponding response 

to rainfall accounts for 76% in the last two decades. 

Regarding the direction of the change in temperature , 67% of the sample households perceive 

an increase in mean temperatu re and 4% a decrease. The re st (29%) do not know the direction 

of the mean change in temperature. With regard to the rains, 18% of the sample household 

observed an increase and 62% a decrease whil e 20% of them do not observe any change. Table 

4 . 1 depicts farmers' perceptions of climate changes. In general, increased temperature and 

declined precipitation are the predominant perceptions in the stud y sites. 
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Table-4.1: Households' perceptions on climate change over the past 20 years 
(percentages). 

·, , • , I 

I. Increase 67 18 
2. Decrease 4 62 
3. Same 29 20 
Total 100 100 
SOllrce: EEPFE, EDRI·IFPRI survey data (200412005) and own calculation 

4.1.2 Adaptations to climate change 

In Nile basin of Ethi opia, farmer's ab ility to adapt is limited by their lack of economic and 

technical resources, and their vu lnerabi lity is accentuated by heavy dependence on the climate, 

because of the rain fed sys tem, di seases (malaria) and their poverty. Given the diversity of the 

constraints they have to face. the general capac ity to adapt to climate changes is currently very 

low. There are no good national action plans which take into account short or long term climate 

changes. 

The effects of the climate va riations and climati c constrai nts in Nile basin of Ethiopia are 

numerous. The climate change is associated with the source of difficulties in the rural world. 

The prolonged ancl increasing temperature, combined with the declining of the rain fall and the 

frequency of the drought, as well as the marked degradation of the soils, have resulted in a 

success ion of bad crop years. Deressa et al. (2008) indicated that crop yield declined by 32 .8% 

as result of shocks such as drought , hail storm. and flood etc. Farmers therefore try to develop 

their own strategies to mitigate climate impacts. 
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The adaptation methods most commonly cited in the literature include the use of new crop 

vari eti es and lives tock species that are more suited to drier conditions, irrigation, crop 

diversification, mixed crop li vestock farming sys tems, changes of planting dates, 

di versifica tion from farm to nonfarm activities, increased use of water and soi l conservation 

techniques, and trees planted for shade and shelter (Nhemachena and Hassen, 2007). 

In the case of Nile basin of Ethiopia farmers were asked about their perceptions of climate 

change and their actions to counteract the negati ve impact of climate change. The adaptation 

measures that farmers report may be profi t dri ven, rather than climate change driven. 

Therefore, one can assume that their ac tions are driven by climatic actions , as reported by 

farmers themselves (Nhemachena and Hassen, 2007). As shown in Table 4.2, about 58% of the 

fanners did at least something in response to cl imate changes. This shows that they are aware 

of the changing cl imatic conditions. Most fa rmers did not lise any adaptation option (42%) for a 

number of reasons (see section 4. 1.3). The adaptation strategy most commonl y used (about 

2 1 %) is planting trees. Other adaptation strategies fa rmers used are soil conservation (15%), 

using different crop vari eties (13 %), early and late planting (5%) and irrigation (4%) 
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Table-4.2: Adaptation methods in the study site 

I. No adaptations 42 

2. Planting trees 21 

3. Soi l conservations 15 

4. Diffe rent crop varie ties 13 

5. Ea rl y and late planting 5 

6. Irrigations 4 

Tota l 100 

SOllrce: EEPFE. EDRI·IFPRI survey data (2004/05) and own calculation 

Thi s greater use of planting trees is mainl y ascribed to provide natural shades fo r their li vestock 

or as a wind or hail storm break when the temperature is hoI. So il conservation techniques may 

be attributed to avoid the ri sk of flooding . The use of different crop varieties as an adaptation 

method could be assoc iated with the lower expense and ease of access by farmers. The low use 

of earl y and late planting adaptation mechani sm may be put down to inadequate information 

service to ensure that farmers receive up to date information about rainfall and temperature 

patterns in the forthcoming seasons. The limited use of irrigation could be attributed to the need 

for more capital and low potentia l for irrigat ion. However, most of the farmers do not have an y 

of these adaptation strategies mainl y because of lack of necessary funds, information and 

governme nt support. 

T able 4.3 presents the most commonl y observed responses of farmers towards temperature and 

precipitations changes: 56.8% of the se lected households have no adaptation strategy to face an 
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increase in temperature , 20% changed crop varieties, and 13.3% planted trees, 2.9% put into 

practice so il conservation techniques and others (abo ut 7%). 

Regarding adaptation to change in rainfall patterns, about 42% have no adaptation strategy. 

Soil conservation schemes (30.4%) is the strategy most commonl y adapted. The use of 

different varieties of crops ( 11.1 %) is another strategy adopted by farmers. Planting early and 

harvesting water are another adaptation strategies each accounts 4. 1 %. Others constitute about 

8.3% (see Table 4.3) 

Table-4.3: Adjustments made to long-term shifts in climate change (temperature a nd 
precipitation) 

I ' •• 

No adjustment 
Changed crop varieties 
Planted trees 
Soil conservation techniques 
Others*2 

No adjustment 
Soil conservation techniques 
Changed crop varieties 
Planted earl y 
Harvested water 
Olhers**3 

Total 

Fe '111/}(' J"( JII/ n' 
56.8 
20.0 
13.3 
2.9 
7.0 

I J n '( '/11 II, Iff II/ 

42.0 
30.4 
I 1.1 
4.1 
4. 1 
8.3 

200 

SOllree : EEPFE, EDRI-I FPR I survey data (2004/05) and own calcuta tion. 

2 Others refers to the fo llowing adap tation methods: planted earl y, used irriga ti ons, sold livestock. sought off-farm 
activities, planted laIc. harvested water. mi grated to urban area. changed fa rming type from crop 10 li vestock. and 
adopted new tec hnologies. 
~ Others refers to Ihe foll owing adaptntion options such as planted trees. planted earl y. used irri gations. sold 
livestock, sought off-farm act ivities, planted latc. mi grated to urban areas. changed fanning type from crop to 
livestock, and new technologies. 
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The informati on from Table 4.2 and Table 4.3 is very important in terms of policy for 

agricultural managemenl. The decision makers should integrate the strategies actuall y adopted 

by farmers to he lp in the improve ment of agri cul ture. The development of research to create 

new vari e ti es adapted to c limate context should be give n a high priority attention. Gi ve n the 

high percentage of households without any adaptati on, the gove rnment shou ld develop a strong 

system for the provision of information and sensiti zation of fanners to show them the 

importance of having strategies for adaptation to climate change. 

4.1.3 What are the constraints on adapting? 

Sum mary stati stics indicate that there are fi ve major constrai nts to adaptation in Nile basin of 

Ethiopia. These are lack of informati on (43%), lack of access to credit (22%), shortage of labor 

( 16%), shortage of land (11 %), and poor potential for irrigations (8%). Table 4.4 shows the 

major constraints to adaptati on perceived by farmers in the basin. 

Table-4.4: Barriers to adaptations 

Lack of information 43 

Lack of money 22 

Shortage of labor 16 

Shortage of land II 

Poor potentia l for irrigations 8 
Total 100 
SOl/ree: EEPF'E, EDR I-IF'PRI survey data (2004105) a nd own calculation 
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Most of these constraints are assoc iated with poverty. Lack of information on appropriate 

adaptation options could be allributed to scarcity of research on climate change and adaptation 

options. Lack of mo ney hi nders fa rmers from getting the necessary resources and technologies 

that fac il itates adapting to climate change. If fanne rs do not have suffici ent fa mily labor or 

fi nanc ial means to hi re labor, they can not adapt. This is true since adaptation to climate change 

is costly. Shortage of land has been associated with high population pressure, which forces 

fa rmers to intensive ly fa rm a small plot of land. Poor irrigation potential is most li ke ly 

associated with the inability of farmers to use the water that is alread y there due to 

technological incapabili ty. The reasons of fanne rs not doing the fa rm level adaptati ons options 

are illustrated in Table 4.5. Lack of info rmation is the prominent constraints. 

Table-4,S: Constraints to farm-level adaptations 

Lacklshortage1'~i' Changirig ' Water '" 'Soil ., .. ~" .. 'Plantilig Irrigating 
crop .' ~ harvesting conServations trees 

• • '2· , 41. ~ " ., _ • varIeties '. ' ,. 
Information 52.0 4 1.0 47,0 42.0 24.0 
Money/credit 36.0 27.0 11.0 9.0 27.0 
Labor 3,0 18.0 26.0 17.0 16.0 
Land 4.0 3.0 2.0 18.0 10.0 
Water 0,2 1.0 1.0 1.0 15.0 
Others***4 4.8 10.0 13.0 12.0 8.0 

SOllree : EEPFE, ED RI·I FI'RI sur vey data (2004/05) and own calcu lation. 

a Not observing the importance and other reasons. 
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CHAPTER FIVE 

ECONOMETRIC ESTIMA TION, REGRESSION RESULTS AND DISCUSSIONS 

5.1 Econometric estimation of empirical model parameters 

A Stata stati stica l and econometri c package was used to estimate the modified Ricardian model 

(Model I and 2) for Nile basin of Ethiopia (StataCorp, 2003). Econometric analyses with cross­

sec tional data are associated with problems of outliers, heteroscedasticity, multi collinerity and 

endogeneity of exp lanatory variables. Since these econometric issue were likely affect the 

robustness o r the results. the foll ow ing remedy werc taken to its effec t 

Impact of outliers (unusual and influential data) 

The study explored a number of methods of identifying outliers and influential points. In this 

typical analysis, the study uses only some or the methods. Two types of methods are used for 

assessing outliers in thi s study: stati stics such as residuals, leverage, Cook's 0 and DFITS, 

which assess the overall impact of an observation on the regression results, and statistics such 

as DFB ETA that assess the speci fi c impact of an observation on the regress ion coefficients. A 

total of 25 households believed to be outliers for various reasons were omitted. 

Heteroscedasticit)' il1 the error terms 

One of the main assumptio ns for the ordinary least squares regress ion is the homogenei ty of 

variance of the res iduals. If the model is well-fitted, there should be no pattern to the residuals 

plotted agains t the fitted va lues . Cons idering this fact, the study tri ed to see graphical methods 

such as residual-versus-fitted plot and non-graphical methods such as White's general 

heteroscedasti city test. Finally, heteroscedasticity in the error terms does not pose a serious 
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problem for obta ining consistent estimates as it onl y causes a bias in the estimates of standard 

errors fo r which we corrected using White's general method (See Greene, 2003). 

Mu /l icollinerit)' among explanatory variables 

Multicollinerity among explanatory variables can lead to imprecise parameter estimates. To 

explore potential multi co llinerity among explanatory variables, the con'elation between 

continuous independent variables were ca lcul ated. The result of the correlation anal ysis 

indicated that seasonal climate variables were highl y correlated since including vari ables that 

are nonlinear functions of other variab les in the model causes multi co llinerity. For example , the 

independent variables in the model include X and X ' . To solve thi s problem, it is sometimes 

suggested that, with such models, the original independent variables should be centered before 

computing other variab les from them. This study, therefore, centers a variab le by subtracting 

the mean from every case. The mean of the centered variable is then ze ro (the standard 

deviat ion, of course, stays the same). The corre lations between the independent variables will 

then often be far smaller. For dummy vari ables thi s study used the ch i-square tests for 

independence to de termine dependencies between variables. The variance inflation fac tors 

(VIF) of all inc luded vari ables were less than 10, which indicate that multicollinerity is not a 

serious problem in reduced mode l. If the so le purpose of regress ion anal ys is is prediction or 

forecasting, then multi co llinearity is not a seriolls problem becallse the hi gher the R-squared, 

the beller the pred iction (G ujarati , 1995). In genera l, multicollinearity is a degree and not of 

kind. The meaningfu l di stinction is not the presence and the abse nce of multicollinearity, but 

between it s various degrees (G ujarati, 1995). The variance in flat ion facto rs for the explanatory 

variables are presented in Table A-4 and Table A-5 in annex. 
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Endogeneily of explanatory variables 

The problem of endogeneity of explanatory variables can be solved us ing an instrumental 

variable (IV ) estimator. However, these require valid instrumental variab les that are highl y 

correlated with the explanatory vari ables concerned with but not directly related to revenue. 

Lacking appropriate instruments makes to resort the next best alternative i. e. estimating a 

reduced form crop net revenue model rather than a structural model. 

Validalion of lhe models 

The Fisher-Snedecor test is used to validate the total significance of the models and the Student 

test for the individual significance of each coefficient. The Fisher-Snedecor test shows that the 

6 regress ions are all significant at 5% leve l. 

The coeffici ent of determination ( N' ) of the model without adaptation is 14.37%, 18.1 8%, and 

15.57 for the sample that represent Nile bas in of Ethiopia , irrigated farms, and dry land farms 

respective ly. Though the integration of adaptation variables improved upon the model (wi th N' 

=2 1. 77%, 25.54% and 24.27 % for the same farm systems mentioned above respectively), a 

large part of the variation in the agricultural income remains unexplained by the variables taken 

into account. This is true of farms that vary from small backyard systems to large commercial 

operations (Kurukulasuriya & Mendelsohn, 2006). 
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5.2 Results of the regression model 

This study explores two main sets of the modified Ri cardi an model indicated in model one and 

two. The first includes only climate and soil variables and is referred to as without adaptation 

model. The second includes rel evant soc io-economic variables and is referred to as with 

adaptation model. These additional vari ables are used to assess the ex tent to which these 

additional vari ables increase or dec rease the effect of climate on crops. These soc io-economic 

variab les are good policy instruments for policy makers to explore as tool s for controlling or 

taking advantage of climate effects. They are useful to see the importance whether these 

variables exp lain crop net revenue. They also control or worsen the adverse impacts of climate 

change on crops (Benhin , 2006). Within these two broad models the study also investi gates 

whether there are any signifi cant differences in the effects between irri gated and dry land 

farms. Table 5. 1 and 5.2 present the resul ts of these two estimated models. 

45 



Table -5.1: Regression results of model without adaptation: climate and soil variables 

Independent variables Full sample Irrigated Dry land 

Summer temperature 752.55* 1817.14** 9 15.86** 
( 1.75) (242) (2.39) 

Summer temperature sg5 -150.66** 204.28** - 185. 14** 
( -2.04) (2.34) (-239) 

Winter temperature 470.66 1423.18 -246.67 
( 1.28) ( 1.4 1 ) (-061 ) 

Winter temperature sg -109.92 4546 -125.25 
( -149) (1.20) (- 1. 56) 

Spring temperature -158044*** 426.52 - 10204 1* 
(-3.34) (149) (-1.75) 

Spring temperature sg 266. 10* ** 258.30 2 11 45*** 
(2.80) ( 1.39) (5.30) 

Fall temperature -68844*** -4406.21 ** -7 15 .78*** 
(-434) (-2.34) ( -4.66) 

Fa ll temperature sg -10 1.03*** -430.87** -57.62*** 
(-4.76) (-2.03) ( -357) 

Summer precipitation 48.5 1 *** 39.55* 73. 17*** 
(3.37) ( 1.89) (332) 

Summer precipitation sg 0.33* ** 0.57* 0.39*** 
(3.06) ( 1.75) (5.02) 

Winter precipitation 22844*** 336.28 387. 18** 
(38 1) (0.02) ( I. 99) 

Winter precipitation sg -0.34* -4.05 -3.54* 
(- 1.92) ( -036) (-1.75) 

Spring prec ipi tation -80.62*** -63.67 - 11 2.03*** 
( -4.09) (-054 ) (-327) 

Spring precipitation sg -0.37*** -0.52** -043** 
( -325) ( -255) (-2.05) 

Fa ll precipi tati on 3.24*** -6. 17** -5.07*** 
(2.8 1 ) ( -202) (-343) 

Fal l precipitation sg -040** -0.68* -0.32*** 
(-243) (- 1.80) ( -3.83) 

Sandy soil Reference group 

Clay soil 21 1.49* 1498. 17 - 11 2.02* 
( 1.88) (008) (-1.91) 

Dark soil 302.70 540.3 1 * 2 19.26 
(149) ( 1.79) (028) 

Red soi l 328.97 65 1.86 174. 11 

5 Sq is an abbrev iation lIsed to represent squared. 
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(1.4 1 ) (074) (0.47) 
Dark red soil - 142.50* 83 1. 8 1 -359.08* 

(- 1. 72) (099) (- 170) 
Constant 284001 1468.09 3580.25 

(0.48) (0.24) ( 1.42) 
F 11.44 12.04 10.86 
R s9 14.37 18.18 15.57 
N 975 179 796 
T~Statistics in parenthesis 

Note: * Sign ificant at 10% lcvel ** Significa nt at 5 % level *** Significant at I % level 

The independenl variables in thi s study include the linear and quadratic lemperature and 

precipitation lerms for the four seasons: summer, winter, spring and fall. The effects of the 

seasonal c limate variabl es vary across the three model s in Table 5.1 and 5.2. Both linear and 

squared te rms are significant in certain seasons, implying that c limate has a nonlinear effect on 

crop net revenues . The effect of quadra tic seasonal climate va ri ab les on crop net revenue is not 

obviously determined by look ing at the coeffici ents, as both the linear and the squared terms 

play a rol e (Kurukulasuri ya & Mendelsohn , 2006). Therefore, the climate coeffic ients will be 

interpreted based on the marginal effects of climate variables (see section 5.4 for more details). 
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Table -5.2: Regression results of model with adaptation: climate, soil and socio-economic 
variables 

Independent variables Full sam Ie Irri ated Dr land 

Summer temperature 183.34** -834.80** 295.48*** 
( 1.97) (-2.29) (404) 

Sum mer tempe ratu re sq -44.97* -10.04* -26.83*** 
(- 1 69) (-1.76) ( -452) 

Wi nter temperature - 164.75 -93.42 645.05 
(-1.3 1) (- 1.46) (0.6 1 ) 

W inter temperature sq -86.60 -64.89 -73.54 
( -022) (-0 16) ( -1 57) 

Spring temperature -11 38.77** -69 1 08 -463.6 1 * 
(-202) (-094) (-1.73) 

Spring temperature sq 194.09*** 228 .38 154.20* 
(5. 12) (0.46) (166) 

Fall temperature 474.47** 1062.32* 20103** 
(2.48) (1 77) (2.3 1 ) 

Fa ll temperature sq - 154. 10*** - 10463* - 178 .75*** 
(-4.8) ( -1.70) ( -4.57) 

Summer prec ipitation 40.5 I *** 0.86** 59.93** 
(4.95) (2.22) (231 ) 

Summer prec ipitation sq 0.28*** 0.34* 0.33** 
(4.27) (172) (1 97) 

Wi nter prec ipi tation 149.59**- 76.00 284.70* 
(4.68) (100) ( 194) 

Winter precipitatio n sq -0.34*** 0.30 -3.32*** 
(-388) (10 1 ) ( -3.69) 

Spri ng precipitation -6 1.48*** -22.32 -80.24*** 
( -3.62) ( -005) ( -268) 

Spring precipitation sq -0.23* -0.26* -0.34* 
(-1.70) (- 1 72) ( -1 66) 

Fall precipitation -2.46* 9. 18** - 12.7 1*** 
(-1.75) (252) (-7.99) 

Fall prec ipitation sq -0.28* -0.29** -0.22** 
(-1.76) (-2.44) ( -2.25) 

Sandy so il Reference group 

Clay soil 423.23 154 1 95 69.43 
(103) ( 112) (0.78) 

Dark soil 434. 12* 11 5. 13* 346.87* 
( 1.89) ( 1 77) ( 1.89) 

Red so il 40 11 4 19203 327.37 
(1 03) (1.1 2) (078) 

Dark red soi I 19.85 832 .38 -2 16.43* 
(0.47) (078) ( - 1 68) 
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Irrigation 155.2 1** 
(2.35) 

Cropland area -892 .75*** -869.04** -924.48* ** 
(-2.70) (-2. 14) ( -7 15) 

Li vestock ownership -553.22 - 15.92 -746.33 
(-08 1 ) ( -1.60) ( -008) 

Distance of inpu t market -28.99 -61.25 -25 .40 
(-0.83) ( -0.32) (- 1. 64) 

Distance of output market - I 1.44* 48.48 -24.32 
(-1.67) ( 1. 55) (-0.65) 

Access to formal extension 867.52** 740.45 920.97** 
(235) (0 18) (239) 

Farm-to-farm extension 458.42 111 9.1 2 464.03 
(0. 18) (0.4 7) ( 1.45) 

Access to formal cred it - 14 1.64 -64338 -5 17.47 
( -0.68) ( -0.62) (-0.7 1) 

Log(hollsehold size) 258.60* 52.45 324.08 
(174) (0.63) ( 1.1 9) 

Years of educati on of household head 4.58 140.89 25.79 
( 134) (157) ( I. I I ) 

Farming experience 10.08 41.3 8 1. 82 
(020) (055) (1.43 ) 

Constant 5530.25*** 2 160.87 6702. 15* ** 
(2.83) ( 1.1 0) (6 99) 

F 7.32 11 .66 7. 15 
R sq 2 1. 77 25.54 24.27 

N 975 179 796 
T-Statistics in parent hesis 

Note: * Significant at 10 % level ** Significant at 5% level *** Significant at I % level 

The incl usion of socio-economic variables improved all models in Table 5.2, as indicated by 

the relati ve higher R-sqll ared for all models ranging from 7.36% to 8.70%. This indicates that 

these soc io-economic vari ables are important in ex pl aining crop net revenues. 

The regress ion results in Tab le 5.2 indicate that irrigation has a pos itive and signifi cant 

influence on crop farming in Nile basin of Eth iopia . Irri gation may be one way of adapting to 

climate change that can be practiced during the dry season and prov ides far mers with additional 

Income. 
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Cropland area reduces the va lue per hectare of farms. Small farms are more productive on a per 

hectare basis. Small farms may appear to be more productive because they are using fixed 

resource such as household labor and capital over a small er piece of land. This is true with the 

finding that the logarisms of household size is positive in a ll models but signifi cant in full 

sample model onl y. For extensive agriculture farme rs increase the area under crops. Though 

thi s stra tegy he lps increase the to tal quantity of produce harvested, it is not effi cient because it 

decreases the yield generall y. Most of the time farmers do not have the capac ity to manage 

large areas (Ouedraogo et a i. , 2006). On the other hand , fanners with larger area may leave it 

fallow or do not full y utili ze . Household size used as proxy for household labor affects revenue 

positi vely. Thi s is because for extensive agricu lture, the size of the ho usehold is vi tal to supply 

suffi cient labor. 

T he li vestock vari able is not stati stically significant and the sign and the magnitude is the same 

for the entire, ilTigated and dry land farms . 

The di stance to inpu t and out market place is negati ve, as farmers incur more cost in terms of 

money and time as the market place becomes further from their farm plots. Ex tensions (publi c 

extensions and farm to farm extensions) service helps improve crop net revenue. Access to 

credit affects crop net revenue negatively. Ed ucational level of the ho usehold head used as a 

proxy for literacy rate and farming experi ence measured as the number of years respondents 

have been in farming acti viti es is not signi ficant in any of the models. 

The e ffects of the majority of so il s are pos iti ve which may be exp lained by the fertility leve l 

and water re tention capac ity of the soil s. However, some of them have negative effect. The 
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introduction of the soil variables improves the quality of the regressions though many of them 

are not stati stically sign ificant. 

In order to interpret the cl imate coeffic ients, the marginal effec ts of the climate variables are 

estimated using Equation 9 fo r the model without and with adaptation. Finally, this section 

concludes by examining the expected climate impacts on crop net revenue using se lected 

uniform climate scenarios for the model with adaptation. 

5.3 Marginal impact of climate 

The estimated margi nal effects of temperature and precipitation on crop net revenues are 

presented in Table 5.3 and 5.4 on a per hectare basis. These tables show the net annual 

marginal effect of temperature and precipitation for wi thout and with adaptation models 

respec tively. 

The net effec ts of the seasonal impacts fo r the model without adaptation indicate that a 1°C 

increase in annual temperature wi ll lead to a changc in crop net revenue of -3358.4 1 birr for 

Nile basin of Ethi opia , 3483 .25 bi rr for irrigated farms and -5904.97 birr for dry land farms. All 

these changes are significant except for irrigated farms. The marginal impacts of precipitat ion 

on crop net revenues indi cate that an annual increase of I mm/month of precipitation wi ll ha ve 

significant positive effects on net revenues. For Nile basin of Ethiopia, an annual net gain of 

322.89 birr is expected. A net ga in of 309.54 birr and 352.68 birr is expected for irrigated fa rms 

and dry land farms respecti vely. 
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Table-s.3 Marginal effects of climate variables on crop net revenue based on coefficients 
in Table 5.11'01' model without adaptation 

Climate variables Full sample Irrigated Dry land 
Temperature -3358.4 1 * 3483.25 -5904.97 *** 

precipitation 322.89*** 309.54** 352.68*** 

Note: * Significant at 10 % level ** Sign ificant a t 5% level *** Significant al I % level 

For the mode l with adaptation. the net effect of a 1°C increase in temperature wi ll decrease 

crop net revenues by -3 127.95 birr and -4485.46 birr for Ni le basin of Ethiopia and dry land 

farms respective ly. In both instances the estimates are also significant at 10% and 1% 

respective ly. For irrigated Farms, the net effects of the seasona l impacts indicate that a unit 

increase in an nual temperature will lead to an Increase In crop net revenue of 2275.4 1 birr. 

However, the estimate is not signifi cant. The net effect of a Imm/month increase in 

precipitat ion ann ually will lead to an increase in crop net revenue of 147.45 birr (signi fi cant at 

5%) for the Ni le basin of Ethiopia, 147.46 birr for irrigated farms, and 267.66 birr (s ignifi cant 

a t 10%) for dry land Farms. 

Table-s.4 Marginal effects of climate variables on crop net revenue based on coeflicients 
in Table 5.2 for model with adaptation. 

Climate variables Full sample Irrigated Dry land 
Temperature -3127.95* 2275.4 1 -4485.46*** 

precipitat ion 147.45** 147.46 267.66* 

No te: * Significant at 10% level ** Significant at 5 % level *** Significant at I % level 
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The policy lesson for adaptation is to take adva ntage of the positive effects of climate change 

while reducing the negati ve ones (Benhin, 2006). Comparing Table 5.3 and Table 5.4, one 

would th erefore expec t that including adaptation re lated variab les (soc io-economic variables) if 

they are effective will increase th e magnitude of' the relationship between climate vari ab les and 

crop net revenues for posi ti ve va lues whi le reducing the negative val ues. This appears to be 

true for full sample and dry land farms for an increase in temperature. For the full sample, the 

net effect of a 1°C increase in temperature on crop net revenue has increased from -3358.4 1 

birr to -3 127.95 birr, and for dry land farms from -5904.97 birr to -4485.46 birr. For the rest of 

the results thi s increase in crop net revenue does no t happen either for the increase in 

temperature or precipitation. What thi s indicates that though the adaptation related variab les are 

important in helping to contro l adverse climate effects, if they are not properly implemented, 

they may rather aggravate the problem. One important variable taken as an adaptation option in 

the mode l with adaptation is access to credi t, which if no t properl y undertaken may worsen the 

problem. 

5.4 The impacts offorecasted climate scenarios 

The uniform climate scenarios used are based on the projections made by [PCC (200 1). 

According to these projections, the world's average surface temperature should increase by 

1.4°C to 5.8°C during the period from 1990 to 2 100. In the Sahel , which Ethiopia is part of it, 

the trend during the past decades shows a reduction in precipitation. For this reason, the 

necessity for s imulating thi s reduction and an increase in temperature seems to be logical. The 

simulations for thi s study were based on scenarios used in the study by Kurukul asuri ya and 
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Mendelsohn (2006) for Africa and Dcressa (2006) for Eth iopi a. On the basis of this 

information, thi s study examined the effect of climatic change for the following scenarios: an 

increase in temperature by 2.5°C and 5°C and a reduction in the average rainfall by 7% and 

14%. 

The impact of changing climatic vari ab les on crop net revenue per hectare (N R/ha) for a given 

di stri ct i is given by 

t:,.NR, = NR", (7; , /~) - NR'H (T, _ I, P, _ I) Where7;= T,_1 +t:,.T , P, = P'-I + t:,.P and NR,., (T"P,) IS 

the change in crop net revenue per hectare of a given distri ct with temperature and precipitation 

under the new climate scenarios and NR,H (T,-I' P'-I) is the predicted va lue of crop net revenue 

per hec tare with temperature and precipitation for the base climate scenarios. Hence, the 

ave rage of t:,.NR, gives the impact of a given climate change scenarios (Deressa, 2006) 

Using the coeffici ents in Table 5.2 and uniform climate changes the results of uniform climate 

change scenarios are presented in Table 5.5. The results of the above scenarios indicate that an 

increase in temperatu re by 2.5 0 C wi ll reduce crop net revenue per hectare by 10993.05 birr and 

11 742. 0 I birr for Ni le basin of Ethiopia and dry land farms respecti ve ly. However, a gain of 

966 1. 11 birr will be expected for ilTigated farms. A 5°C increase in temperature will reduce 

crop net revenue by 12884.57 birr fo r Nile basi n of Ethiopia, 1678. 19 birr for irrigated farms 

and 14550.00 birr for dry land farms. A decrease in precipitation by 7% will reduce crop net 

revenue by 99 18. 14 birr, 5383.83 birr and 11 235.49 birr for Nile basin of Ethiopi a, irrigated 

farms and dry land farms respecti ve ly. A 14% reduction in precipitation will reduce crop net 
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revenue by 10 197.44 birr for Nile basin of Ethiopia, 7763.98 birr for irrigated farms and 

14833 .63 birr for dry land farms. 

Table-S.S: Average crop net revenue per hectare impacts of uniform climate scenarios 

Climate change scenarios Full sample Irrigated Dry land 

+2 . SoC increase in temperature 

Change crop net revenue (b irr/hec tare) - 10993.05 9661.1 I - 11 742.01 

+SoC increase in temperature 

Change crop net revenue (birr/hectare) -12884.57 -1678 .19 - 14550.00 

7% reduction in precipitation 

Change crop net revenue (birr/ hectare) -9918.14 -5383.83 - 11 235.49 

14% reduction in precipitation 

Change crop net revenue (birr/hectare) - 101 97.44 -7763.98 - 14833.63 

Note: Using coefficients in Table S.2 and uniform climate changes. 

It is obvious that further changes in adverse climate variables i.e. temperature and rainfall are 

detrimental to crop production. However there is the possibility that adaptati on can reduce 

these negative effects. As indicated in Table 5.5, dry land farms are affected most by further 

increases in temperature and decreases in rai nfall. An increase in temperature and a decrease in 

precipitation appear to be beneficial for farms with irrigation comparatively, implying that 

irrigation is important for sustaining agric ultural production and as an adaptati on option for 

smallholder farmers. It plays an important role as an additional source of water for crop 

production. particularly during the dry season and dry spells that can affect agricultural 

production. 
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CHAPTER SIX 

CONCLUSIONS AND POLICY IMPLICATIONS 

Thi s study is an attempt to assess the economic impact of climate change on crop fanning 

activities in Nile basin of Ethiopia, using the Ricardian model. 

The resul ts that are obtained from the analys is of marginal impact, uniform climate scenarios 

and descriptive stati sti cs more or less show the magnitude and direction of cl imate change 

impact on crop agri culture . Most of the results of thi s study show that increasing temperature 

and decreasing rainfall are damaging to the crop agriculture. In addition to thi s, the analyses 

show that dry land farms are most likely affected by climate change. Dry land farms are most 

likely vulnerable for an increase in temperature and decrease in rainfall than irrigated farm s. 

Al though farmers have some adaptation to climate change, if they continue with their given 

technology, climate change wi ll have a devastating effect on dry land farms. On the other hand, 

irrigated farm s are more resistant to changes in climate, indicating that irrigation is an 

important adaptation option for reducing the impacts of changes in climate and used to 

overcome hea t stress. 

The results of thi s study also confirm the importance of climate for crop revenue and the need 

to take ac ti ons to reinforce ex isting adaptation options and develop new ones. Constraints on 

adaptation should be removed and be ller knowledge of climate change promoted. The climate 
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constraints noted by farm ers must be cons idered as a constant to be used by the concerned 

bodies, because the economy is strongly influenced by the agricultura l sector, which can be 

affected by climate. The concerned bodies should integrate the strategies actually adopted by 

farmers to help in the improvemen t of the sector. There is a need to create more research 

capacity to de velop new crop vari eties in the contex t of changing climatic conditions. The 

preva iling high percentage of households without adaptation options al so testifies the 

importance of creating a strong sys tem or information and sensiti za tion to help farmers adapt to 

climatic ri sks. 

Some recommended adaptations are li sted below to counteract the harmful impacts of climate 

change . 

.,. Expansion of new varieties of crops and diversification from traditiona l crops to other 

types of crops wh ich can with stand drought and higher temperature; 

>- There should be a great need for the government through the meteorological 

department, research and extension, pri vale sector and non-governmental organi zations 

to provide adeq uate extension information services to ensure that farme rs receive up-to­

date information about rainfall and temperature patterns in the forthcoming season so 

that they can make well informed decisions about their planting dates. 

>- Financing of the rural area by selling up suitable financia l systems that will allow small 

producers to have access to cred it. These policies that improve household welfare as 

well as access to credit are also a priority for both short- and long-term adaptation 

measures; 
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~ Creating a unit for research into climate, development and societies and strengthening 

institutional set-ups working in research for large scale di ssemination of adaptation 

technologies by boos ting supervision and ex tension ; 

> Expanding good management of water resources that generate more water for irrigation 

purposes i. e. investment in proFitable irrigation technologies. 
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ANNEX 

Table A-I: Description of the variables used for full sample model 

Variables Mean St.Dev. 
Crop net revenue/ha 2368 .67 3850.25 
Summer temperature ( oe ) 18.25 2. 16 

Winter te mperature (oe) 18.95 3.25 

Spring temperature (oe) 20.7 1 2.68 

Fa ll temperature ( oe) 18.16 2.46 

Summer precipitation (mm) 269.33 69.00 

Winter precipitation (mm) 18.58 11.7 1 

Spring precipitat ion (mm) 89.75 47.79 

Fall prec ipitation (mm) 102.49 50.28 

Clay soil ( I/O) 0. 18 0.39 

Sandy soil ( I/O) 0. 17 0.34 

Dark soi l (I /O) 0.59 0.49 

Red soil (I/O) 0.6 1 0.49 

Dark red soi I ( I/O) 0.2 1 0.42 

Irrigation ( I/O) 0. 18 0.39 

Cropland area (ha) 1. 72 1.06 

Lives tock ownership ( I/O) 0.92 0.26 

Distance of inpu t market (km) 5.61 4.24 

Distance of product market (km) 5.67 3.89 

Access to fo rmal ex tension ( I/O) 0.55 0.50 

Farm to farm extension ( I/O) 0.49 0.50 

Access to forma l credit ( I/O) 0.24 0.43 

Household size 6. 12 2.24 

Log (household size) 1.73 0.43 

Years of educati on of household head (years) 1. 68 2.74 

Farming ex erience (years) 23.30 12.95 

SOl/ree: EE PFE, EDRI -IFPR I survey data (2004/05) and own calculation. 
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Table A-2: Description of the variables used for irrigation model 

Variables Mean St.Dev. 
Crop net revenue/ha 2374.38 4308.83 
Summer te mperature (oe ) 17.78 1.89 

Winter temperature (oe) 18 .7 1 2.60 

Spring temperature ("e) 20.55 2.29 

Fa ll temperature ( De) 17.84 1.98 

Summer prec ipitation (mm) 272.75 70.23 

Winter prec ipitation (mm) 17.03 11.44 

Spring prec ipitation (mm) 88.45 5 1.71 

Fa ll prec ipitation (mm) 106.65 49.1 8 

Clay soil (1/0 ) 0.22 0.42 

Sandy so il ( 110) 0. 16 0.37 

Dark so il (1 /0) 0.68 0.47 

Red so il ( 110) 0.60 0.49 

Dark red soi I ( 1/0) 0.44 0.59 

Cropland area (ha ) 1.94 1.1 0 

Livestock ownership (1/0) 0.95 0.22 

Distance of input market (km) 5.83 2.68 

Distance of product market (km ) 5.90 2.50 

Access to forma l ex tension ( 1/0) 0.69 0.46 

Farm to farm ex tension (1/0) 0.67 0.47 

Access to formal credit ( I/O) 0. 32 0.48 

Household size 6.39 2. 12 

Log (household size) 1.80 0.36 

Yea rs of educat ion of household head (years) 2.09 2.93 

. Farming experi ence (years) 24.46 13.01 

SOllree: EEPFE. EDRI·IFPRI survey data (2004/05) and own calculation. 
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Table A-3: Description of the variables used for dry land model 

Variables Mean St.Dev. 
Crop net revenuelha 2367.39 3742.37 

Summer temperature ( "e) 18. 35 2.20 

Winter temperature ( {Ie) 19.00 3.37 

Spring temperature ( (Ie) 20.74 2.76 

Fall temperature ("e) 18.24 2.55 

Summer prec ipitation (mm) 268.56 68.74 

Winter precipitation (mm) 18.93 1175 

Spring precipitation (mm) 90.04 46.90 

Fall precipitation (mm) 101.55 50.50 

Clay soil (110) 0.1 8 0.39 

Sandy so il ( 1/0) 0.1 7 0.38 

Dark soil ( 110) 0.57 0.50 

Red so il (i/0) 0.6 1 0.49 

Dark red so il (110) 0.20 0.43 

Cropland area (ha) 1.68 104 

Li vestock ownership ( 1/0) 0.92 0. 27 

Di stance of input market (km) 5.56 4.5 1 

Di stance of product market (km) 5.64 4.14 

Access to formal extension ( 1/0) 0.52 0.50 

Farm to farm ex tension ( 110) 0.44 0.50 

Access to formal credit ( 1/0) 0.22 0.41 

Household sizc 6.06 2.27 

Log (househo ld size) 1. 72 0.42 

Years of education of household head (years) 1.59 2.70 

Fanning experience ( ears) 23.04 12.89 

SOllrce: EEPFE, EDRI-IFPRI survey data (2004/05) and own calculation. 
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Table A-4: Variance inflation factor (VIF) test for multicollinearity among variables 

included in model without adaptation. 

Variables Full sam Ie Irri ated farms Dr land farms 

Summer temperature 6.58 7. 15 8.7 1 
Summer temperature sq 8.75 9.98 4 .99 
Winter temperature 4.27 7.96 8.25 
Winter temperature sq 7. 19 5.53 6.9 1 
Spring temperature 8.70 8.4 1 9.93 
Spring temperature sq 4 .76 9.30 5.87 
Fa ll temperature 8.02 5.67 8.06 
Fall temperature sq 7.99 7.06 8.68 
Summer precipitation 1.52 8.87 8.55 
Summer prec ipitation sq 5.79 2.05 8.30 
Winter prec ipitation 7.57 1.43 9. 17 
Winter precipitation sq 6.07 3.47 5.92 
Spring prec ipitation 9.97 5.95 7.36 
Spring prec ipi tat ion sq 3.84 6.63 5.77 
Fa ll prec ipitation 6.09 5.55 9.38 
Fa ll precipitation sq 9.71 8.73 9.59 
Clay so il 1.44 1.79 1.44 
Dark soil 1.43 1.62 1.4 1 
Red so il 1.34 1.47 1.35 
Dark red soi I 1.06 1.1 5 1.05 
Mean VIF 5.60 5.04 6.53 
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Table A-5: Variance inflation factor (VIF) test fo r multicollinearity among variab les 
included in model with adaptation. 

Variables Full sam Ie Irri ated farms Dr land farms 

Summer temperature 9.49 8.30 5.43 
Summer temperature sq 3.55 3.09 7.01 
Winter temperature 8.28 5.46 5.28 
Winter temperature sq 6.78 7. 14 9 .04 
Spri ng temperature 3.36 9. 17 9.39 
Spring temperature sq 4.76 2.42 7. 13 
Fall temperature 9.33 9 .75 9 .56 
Fall temperature sq 8.03 9 .58 8.09 
Summer precipitation 3.97 7.57 8. 61 
Summer prec ipitation sq 6.60 4 .23 9 .8 1 
Winter prec ipitation 8.33 9.94 2.4 1 
Wi nter prec ipitati on sq 6. 50 5.58 6.67 
Spring precipi tation 9.29 7.82 6.57 
Spring prec ipitat ion sq 4.27 7.35 6.42 
Fall prec ipitation 6.68 5.52 9.86 
Fall precipitati on sq 9.94 2.34 9.75 
C lay so il 1.46 1.90 1.44 
Dark so il 1.44 1.56 1.46 
Red soil 1.37 1. 83 1.37 
Dark red soil 1.08 1.22 1.08 
Irrigation 1.1 8 
Cropland area 1.43 1. 60 1.46 
Li vestock ownership 1.1 3 1. 20 1.15 
Distance of input market 2.57 8.03 2.46 
Distance of out put market 2.60 7.94 2.52 
Access to formal ex tens ion 1. 88 2. 16 1.85 
Farm to farm ex tension 2. 12 2.49 2. 11 
Access to formal credit 1.10 1.20 1.1 2 
Log(household size) 1.1 8 1.26 1.20 
Education 1.29 1.41 1. 32 
Farming experience 1.27 1.29 1.31 
Mean VIF 4.05 4.68 4.76 
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