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Abstract 

In this thesis. the technique 0/ choice experiment was applied/or valuation 0/ Lake Tana's 

fishelJl and watershed. Two attributes - fishing control and lake side plantation were 

identified as relevant attributes that must be included in the choice experiment. A monetcliJi 

allribute - payment/or fishing permit was also included. 

The fishermen actively participating in fishing on Lake Tana were taken as re:,pondents. 

Multinomial and random parameter logit models were used /01' estimation. All the 

attributes included were significant factors in affecting the probability 0/ choosing an 

alternative scenario. Fishermen were more concerned about fishing control i.e. they give 

higher value to .fishing control than lake side plantation. This was implied by their 

marginal willingness to pay /01' the attributes. The marginal willingness to pay .for fishing 

control was 15 birr per month while lor lake side plantation it was 50 cents per month. 

Some socioeconomic variables were included in the modeling. Monthly household income, 

years 0/ education, and /amily size were found to be significant at the standard levels 0/ 

significance. 

Moreover. an economic welfare measure was calculated lor two scenarios. The results 

suggest that .fishermen are willing to pay 57 birr per month lor a moderate scenario 

improvement and 93 birr per month lor aggressive scenario improvement in those 

allribUies. 

Key words: Choice experiment, Economic welfare measure, Fishing control, Lake side 

plantation, Marginal willin gness to pay, Payment for fi shing permit, Valuation. 
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CHAPTER ONE 

1. INTRODUCTION 

1.1 Background 

Ethiop ia which is known as the water tower of East Africa is endowed with so ma ny water 

bodies. These water bod ies cover about 0.7% of the total area. The country has about 10 

lakes (most of which are confined in the Great R ift Valley) and large rivers (such as Blue 

Nile, Tekez ie, Awash, Barro, Genall e and so on). 

The largest lake, Lake Tana found in North West highlands of Amhara Region has a 

surface area that ranges between 3 150 to 3500 km' (depending on seasonal vari ation) 

(Bc rhanu ct aI. , 200 I). It is estimated that the lake extends about 84 kms (North - South) 

and 66 kms (East - West). It accounts about 50% of the total inland fresh water in Ethi opia 

and is the major source of the Blue Nil e Ri ver. 

This lake is home of various is lands with monasteries or churches. These monasteries are 

historic in the Ethiopian Orthodox Church and are major tourist attraction areas. Lake Tana 

and its surrounding wetlands provide a lot of benefits for the dwell ers in and around it. It is 

home of vari ous fa una and fl ora (habi tat of endemic fi sh species), provides transporta ti on 

fo r to uri s ts and fre ight, and increases quality of life for the res idents in and around it 

(especia ll y residents of Bahir Dar Town). Moreover, it is an important source of li velihood 

for the fi shermen espec ia lly fo r the marginali zed Woito ethni c groups. The wetland around 

the lake supports the livelihood of inhabitants in providing water supply, agricu ltura l 

act ivi ti es (fa nn ing, cattl e raring and fi shing), offering fuel wood and other socioeconom ic 

services. 



The Lake has a potentia l fish yield estimate of 15000 metric tones per year on avcrage. But 

il is onl y boul 1500 metric tones of fi sh that is actua ll y caught per year (on ly 10% of the 

potcntia l yield estimate) (Lake Tana fi shery resource development project, 1997). There are 

socioeconomic facto rs that contribute to this poor performance of the fi shery industry in the 

lake. 

Poor market organi zation and access, long distance from the cap ital city, low level of 

technologies used 111 fi shing, lack of improved transportation and preservation faci li ties, 

lack of access to credit and technical support for the fi shemlen , know how of the fi shermen, 

and poor fi sh ea ti ng habit of the society are some of the factors that could be mentioned fo r 

the low level of exploitation (Sewmehon et a I. , 2007). 

Des pite th is low level of ex ploitation, there is a threat in the decline of abundance and even 

ex tinction of somc endemic species (espec ially that of the endemic large Barbus species). 

de Graaf has pointed out that reccntl y a sharp decline of the Barbus species has occurred 

due to unregulated over fis hing of the spawning grounds. "Recruitment over fi shing might 

occur due to severe and unregulated over fi shing of spawning aggregations, resulting in a 

ciramati c decrcase of recrui ts. In Lake Tana, recruitment over fi shing potentially threatens 

th e surviva l of the unique Barbus spec ies flock . Recent results show sharp declines in 

abunciance, up to 75% in number and biomass, of different Barbus spec ies." (de Graaf, 

2003 p.21 0) Moreover, he has emphasized that the future of Lake Tana' s Barbus species 

and its fi sheries might follow the same path of co ll apse of other African cypri nid fi sheries 

unl ess protecti ve measures are taken soon. 

Lake Tana wh ich is considered to be quite small in spectes ' flocks ' and shallow as 

compared to other African lakes is an old lake. It is estimated that it was formed 
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approx imately 2 million years ago at the Pliocene- Pleistocene transition by the blocking of 

the Blue Nile through vo lcanic eruption. The Barbs species is considered to evolve during 

thi s formation of the lake. "Because of complete isolation of the Lake Tana fro m other 

fresh wa ter systems, evo lution could go its own way, resulting in the unique biodi versity of 

the Lake Tana barbs." (Nagelkerke, 1997 p.286) 

According to de Graaf, although there is an overwhelming abundance of Cyprinid fi shes 

throughout the world, the Barbus species of Lake Tana form the only remaining intact 

spec ics fl ock of large Cyprinid fi shes. This is because of the disappearance of a similar 

species in Lake Lanao in the Philippines due to anthropogenic activities (de Graaf, 2003). 

As to Nage lkcrkc (1997), there was no sign of over fi shing in the lake, but fi shermen take 

thc largest catches at or near the spawning grounds in the river mouths that fl ow into the 

lakc. Mostl y, th ey caught the mature Barbus during the spawning season and thus could 

seri ously di sturb th c rcproductive process and result in dramatic reductiun in the number of 

recruitment. For instance, it was indicated that 90% of all the Barbus caught were mature 

about to spawn (at the river mouths of Gumara and Rib rivers during September 1994) 

(Nagelkerke, 1997). 

Furthermore, loss of the surrounding wetland and plant coverage due to agricultura l 

ex pansion , greater silt inflow into the lake, experiences in using inappropriate equipments 

(small mesh size gill nets) and methods (using poison substances like ' Birbira ' ), selective 

fi sh ca tch pressure in response to the societies ' preference, and so on are the major causes 

that could lead to decline in and even extinction of endemic fish species as well as collapse 

of biodi versity. 
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There are fi ve large ri vers (G ilgel Abay, Gumara, Rib , Megech, and Gelda) that in flow to 

the Lake carrying a great deal of sil t and sediment. It is estimated that about 1430 km2 of 

land is seasona ll y flooded (Ayalew et aI. , 2007). This siltation and sedimentation problem 

alo ng with shall owness of the Lake (which is 8m on average and 14m max imum depth) 

coul d indicate that the vo lume of the lake might reduce in the near future. 

Ex panded commercial gill net fi sheri es at the river mouths along with th e watershed 

degradation will cause severe biodiversity loss of the Lake unless the resource is managed 

and regulated effectively. Because of such a fear of biodiversity collapse and sustainabi lity 

of the lake, researchers have given great emphasis on fi shery regulation and watershed 

management in and around the Lake. 

It is from thi s po in t of view, that thi s study is des igned to investigate the valuation of the 

lake's watershed management and fi shery regulations. For implementat ion of fi shery 

regulati ons and investments on sustainable utilization uf the lake's resources , the 

preferenccs of th e soc iety (especially of the fis hermen) must be taken into considerat ion. 

Thi s could be achieved by identi fy ing the relevant attributes and asking respondents about 

their pre ferences for the di fferent levels of the attributes . The appropriate technique that 

could bc used in thi s rega rd is choice experiment. 

1.2 Statement of the Problem 

Lake Tana whi ch lies at an altitude of about 1800m above sea level contributes 50% of th e 

fresh wa tcr in the country. The lake provides several benefit s fo r the residents around it in 

particu lar and fo r th e country in general. It is a habitat of 20 endemic fi sh species which 

could contributc for food self-suffi ciency programs as a cheap souree of protein if the 
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fi shery industry is managed efficiently and used in a sustainable manner. Now-a-days, it 

has been repo rted that Lake Tana and its adjacent wetland supports the livelihood of more 

than 500,000 people directly or indirectly (Vijverberg et aI. , 2007). Moreover, it is also 

reportcd that about 1685' part or full time fi shermen are participating in fi shing activities 

in the lake. 

But , as has been poi nted out earlier, Lake Tana's fishery resources, in general, could not be 

considered to be overexploited compared to its potential. Paradoxically, however, the 

abundance of Lake Tana' s endemic species (Barbus) is declining at an alarming rate in a 

short peri od of time. Wudneh (1998) notes that the lake's fishery is below the estimated 

max imum sustainable yield and, thus, could be increased by five to s ix times . But, de 

Graaf' s (2003) study on the abundance and decrease in number of recruits of the Barbus 

spec ies has indicated that there is a sharp stock decline of this species. de Graaf has argued 

that though fis hing efforts have been increased due to the introduction of motorized boats, 

the decline of the Bat·bus species is not due to mere introduction of these boats. The most 

like ly ex planation for the decline in abundance of Barbus species, according to him, is 

fishin g targeting of these boats at the spawning grounds of thi s species . 

As to de Graaf (2003), the vast majority of fi shing activity from 199 1 to 1993 was 

conccntrated ill Bahi r Dar gulf (about 7 1 %) and each species groups, namely, Ni le Tilapia, 

African catfish and Bat·bus contribute roughly one third of the total catch. But, in 200 I , 

41 % of th e effort was allocated to the North-Eastelll shores of the Lake. He has indicated 

I Interview with the head of the fi shery department at Amhara Regional state Agricultural and 
Rural Deve lopment Bureau 
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that both catch per unit effort and contribution of Nile Tilapia to the total catch had 

doubled. This increase in Tilapia's contribution was not only due to specific targeting of 

commercial gill net fishery on this species but also a three fold decline in the abundance of 

Barbus specics (de Graaf, 2003). 

The major cause mentioned for the decline in abundance of this endemic species is the 

expansion of fi shing pressures on major river mouths that inflow to the Lake especially 

during the spawning periods. This expans ion comes as a result of the introduct ion of 

motorized gill net fi shery in 1986 (when the Lake Tana Fishery Resource Development 

Project (L TFRDP) was established). Before 1986 Lake Tana's fi shery was dominated by a 

predominantl y subsistence reed boat fishery operated by the Woito ethnic groups. The 

introduction of modern fishing gear and motori zed boats by L TFRDP has created new 

opportuniti es for the fishermen to extend their fishing efforts from the shore to deeper 

offshore waters. More importantly, fishery efforts expand to distant ri ver mouths (where the 

mature Barbus migrates in its spawning seasons). As such, the fish catch in the Lake was 

increased from 393 metric (ones in 1994 (01470 metric tones in 1997 (LTFRDP, 1997). 

Even (hough the calculated maximum sustainable yield of fi sh catch in the Lake was yet 

higher, abundance of the Barbus species declines in a short period of time. This decline of 

th e species is most probably caused by over fishing of mature Barbus that migrates to the 

river mouths during the rainy season (August to September) (de Graaf, 2003). 

The biological behavior of fi sh in the Lake in particu lar and the lake ecosystem in genera l 

is studied by biologists. It is argued that watershed degradation and hence siltat ion and 

sedimentation problems along with pressure of fishing in spawning grounds at the river 
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mouths arc thc major threats for the susta inable utilization of the lake and thc fi shery 

resource. 

In add ition to thi s, the wetland vegetation cover (papyrus) is degraded for various reasons. 

Agri cultural act iviti es espec ia lly in the North and Eastern part (Denbia and Fogera plains) 

of the Lake are expanded. The natural papyms around the Lake is deforested to make 

trad itional boa ts, for n\C1 and other household services. 

Wet lands arc areas where the land is covered by shallow water but the water has not 

necessaril y been at the surface (Wood, 200 I). It is important to know that the sustainability 

of the underground and surface water is influenced by the conservation and wise use of 

wetlands. They have an advantage of keeping the balance of the ecosystem, improving 

water qua li ty and sustaining the fishery resource. As such, great emphasis has to be given 

fo r the conserva ti on of wet lands. 

For th e conse rva tion of wetlands surrounding the Lake and for the regulation of the fi shery 

resource, the participation of the society especially those of the fi shernlen is requ ired to a 

grea t cxtent. To accomplish this and to know the users' preferences it is necessary to 

identify th e attri butes that could be provided in the lake. Since the lake is an open access 

reso urce, there is a need to use valuation techniques and the preferred method in thi s regard 

is choice ex periment. 

However, to the best of the researcher's knowledge, no valuation of use and non-usc values 

o f the Lakc Tana has been conducted previously. But, a similar study has been conducted 

on the va luat ion o f water quality improvement of Lake Awasa using choice ex periment 

meth od. Ncvert he less, since there are differences in geographical location , soc ioeconomic 

situations ofthc society and the fi shennen , and endemic fi sh species of the Lakes ; it creates 
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a motivati on to conduct va luation of Lake Tana' s watershed management and fi shery 

regul ati ons. 

1.3 Research Objectives 

The genera l objecti ve of the study is to understand the preferences of individuals (users) for 

th e di fferent attributes of Lake Tana using choice experiment method. It focuses on 

estimating the marginal willingness to pay of the individuals in improvements for the 

differcnt att ri butes of the Lake and its surrounding wetland cover. The spec ific objecti ves 

arc: 

• To estimate marginal w illingness to pay of an individual ti sherman and the 

welfare implications of improvements in some attributes of the Lake and its 

surroundings 

• To identify soc ioeconomic factors that affect the utili ty of individuals for 

improvements of the Lake 's att ributes 

1.4 Significance of the Study 

Scholars in research have a saying' An ant brings its single grain of sand to an anthill.' As 

has becn said earli er, valuation of Lake Tana and its surrounding environment espcc iall y 

focusing on the attri butes using choice experiment has not yet been experienced. As such, 

thi s resea rch work could be used as a starting point in having further studies related to 

valuat ion. 

Thc study could a lso provide va luable information for policy makers and concern ed parti es 

for fi shery regul ation and sustainability of the Lake ecosystem by determining marginal 
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willingncss to pay of households and by identi fy ing socioeconomic factors that affect 

individuals' parti cipation in improving the Lake' s attributes. 

1.5 Limitations of the Study 

In thi s stud y, onl y two environmental attributes - fi shing control and lake side plantation, 

and one soc ioeconomic attribute - payment for fishing permit are included in the va luation 

process using choice experiment method. A better result could be ex pected if more 

attri butcs arc included. However, to reduce complex iti es and thus the difficulty for th e 

respondents, onl y two attributes (other than the payment) are included in the choice 

ex periment. 

In additi on to this, the study is designed to take a sample of fishermen that are members of 

fi shermen associat ions at two sites (one in Bahir Dar town and one in Gorgora) and a small 

number of non members at Enfranz (a small town in Northern Gondar). If more non

member fi sherm en were included (had it not been difficult to con tact the fi shermen) better 

estimati on and identification of socioeconomic fac tors could be obtained. 
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CHAPTER TWO 

2. REVIEW OF RELATED LITERATURE 

2.1 Theoretical Literature Review and Background 

2.1-1 Lake Tana Fishery Industry and Biodiversity 

Lake Tana contains about 27 species of fi sh, 20 of which are considered to be endemic 

(V ij verberg ct a I. , 2007). Among these endemic species, the Barbus species is hi ghl y 

vu lnerable to over fi shing due to its distinct breeding behavior (Nekelkerke, 1997 and de 

Graaf, 2003) . 

de Graaf (2003) suggested that the expansion of modern fisheries and their targeting in 

ri ver mouths during the spawning seasons has led to the collapse of several Barbus and 

Labeo fis heri es in Afri ca. In particular, he noted that in Lake Victoria, intense over fi shing 

of I3m'bus alt ia na li s and Labeo victorianus has reduced populations of cyprinids that were 

once abundant (de Graaf, 2003). 

As has been ex plained by Nagelkerke, knowing the units of fi sh stock (for different 

populations and species) is essential for improved fi shery management and regulations. 

"Unbalanced exp loitation of fi sh stocks will lead to cascading effects in the ecosystem, 

es peciall y if different fi sh stocks play different eco logica l roles. Shifts in fi sh composition 

or morc dramatic deleterious influences cou ld be the result, endangering the biodiversi ty of 

the system, which could lead to decreased and less stable producti vity of the resources." 

(Nage lkerkc, 1997 p.IS) 

More important ly, it has been stated that the Barbus species are essential for sustai nab le 

biodiversity of Lake Tana and for cheap source of protein. "The Barbus specie flock is a 
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unique source of freshwater biodiversity in Ethiopia. Lake Tana 's barbs are wo rth 

conserving fo r fu tu re generations, not only for their scienti fic potentia l, but more 

im portantl y as a cheap source of protein fo r the loca l people. An impoverishment of Lake 

Tana's biodi versity might result in lower production and reduced resilience against 

envi ronmental fluctuations." (de Graaf, 2003 p. I92) 

Nevertheless, when the Lake Tana Fisheries Resource Development Project (LTFRDP) 

started operation in 1986, four commerci al ly interesting species were recogni zed in the 

Lake and commercial gill net fi shery expanded to the deep and di stant fi sh grounds. These 

spec ies consist Oreochromis ni loticus (Tilapia or ' Keresso'), Clarias gariepinus (Catfi sh or 

• Ambaza), and thc cyprinids- Varicorhinus beso (' Besso ') and Barbus intermedius ('Nech 

Assa'). Ou t of these species, Barbus intermedius is considered to represent 60% of the 

commercial catch (Nagelkerke, 1997) 

As a consequence of the introduction of motorized boats and the commercial gi ll net fi shery 

in 1986, fi shing efforts increased and expanded to the North Eastern part of the Lake at the 

river mouths . Above 50% of the annual Barbus yield is estimated to be caught during its 

peak spawning season (usually August to September). Moreover, the majority (about 85%) 

of this species landed by the commercial gill net fi shery were considered to be mature. The 

clramatic clec line in abundance of the Barbus species is, thus, due to recruitment over 

fi shing as a result of poorly regulated hi gh fi shing efforts. This is practiced especiall y by 

the commercial g ill net fi shelY on spawning aggregations of adult Barbus during its allnual 

breed ing migration to the ri ver mouths and surrounding floodplains. de Graaf has pointed 

out that onl y effort contro l and regulations that could limit the gill net fis hery in spawning 
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seasons and/or areas cou ld be an effective measure that will prevent a tota l collapse of th e 

BaI'bus stocks (which has occurred in other cyprinids of African Lakes) (de Graaf, 2003) 

The other important problem in Lake Tana is the degradation of the wetlands and 

watershed. Eshete (2003) has pointed out that the Lake 's ecosystem and th e water resources 

as a whole are in danger due to deforestation, erosion, sedimentation, water level reduction, 

erratic rai nfa ll , flood ing of the wetlands, competing uses of water resources, increased 

poll uti on and pressure of the growing population. He stated that erosion of Lake Tana is 

affecti ng th e stab ili ty and resili ence of the system and is endangering sustainability of the 

Lake and the surrounding wetland resources. He has recommended that to deal with the 

threat of fishery resources (i.e. extinction of unique large Barbus species) and biodiversity, 

fi sheri es regulations i.e. restricting fishing near river mouths and upstream on spawning 

ground duri ng the breeding period is urgently required (Eshete, 2003) 

II is also indicaled that a Iree-bas"d rural development strategy has to be promoted for 

curtai li ng th e wetland degradation and lake basin protection. Tree based technology and 

practices wo uld include agro-forestry for soi l and water conservation, vi llage and farm 

woodlots, windbreaks and boundary trees, swamp reclamation through high density 

tree/shrub planting, bamboo reed and palm tree growing (Am are, 2003) 

2.1-2 Economic Approach in Valuation of Environmental Goods and Services 

Environment provides goods and services or resources which are important in day to day 

life (and for th e future) of individuals and the society as a whole. Fresh water bodies, for 

example, co ul d offer scenic panoramas and radiant sunset. Fish and other edible creatures 

in these wa ter bod ies provide a rich nutritious source of food. Moreover, the beaches (or 
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watcr shores) arc cxce llent recreati onal areas for relaxation, phys ical exerCises, and 

cnj oying bird watching. These are the direct use va lues of the water bodies that individuals 

enjoy. But , therc are values that are not directly ti ed to individual uses like climate 

rcgulati on, ph ys ical protection, stewardship fo r future generation , and so on by these water 

bod ies. 

As such, we could have the following equation for total economiC value from 

cnvironmental goods: 

Total Economic Value = Direct Use Value + Indirect Use Value + Non-Use Values + 

Intrin sic Value 

Direct use values: Goods and services directl y consumed by users. The direct use va lues 

are th e benefits deri ved from products (outputs and inputs in production processes), 

rccreation, fi sh, agri culture, fuel wood, transport, wildlife harvesting, peat/energy, 

vcgctab lc oi ls, dyes, fruits, waste assimilation, research and education etc. They are 

compriscd of the va lues that people derive from directly utilizing an associated good or 

service, for instance, a watershed 's drinking water or its irrigation capacity (Go ldberg, 

2007; Lambert, 2002). 

Indirect use values: Indirect use values are the indirect benefits derived from the 

cnvironmental goods and services and from preservation of ecological systems. These may 

include functions like biological support (in relation to other species and habitats), physica l 

protection (flood contro l and storm protection provided by wetland conservati on), climate 

regul at ions, nut rient retention, groundwater recharge and global life support in general 

(Lambert, 2002). 
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Non-use va lues : These are less direct, less tangible benefits to soc iety. These values refer 

to the va lucs of the benefits generated by environmental goods and services that are 

un related to the value of their current or planned use. Non-use (pass ive) val ues include 

option and cx istence va lues . 

Option va lucs are potential future uses of the resources. They reflect the fact that some 

potentia ll y acti ve user may not participate and is uncerta in for fu ture parti cipation but the 

resourcc has va lue to him/her since he/she could deri ve utili ty from the option (Cameron 

and Eng lin , 1997). They arise from uncertainty about the future demand or supply for 

environmcntal goods and services. 

Existencc values reflect the fact that individuals have no intention of using the resource 

themselves but derive utility from its mere continuation of existence, perhaps for others or 

future generations to use it actively (ibid). They consist of bequest, stewardsh ip and 

benevo lencc motives. The sati sfaction gaineu thruugh the abi li ty to endow or transfer a 

natural rcsource fo r future generations are bequest values. The stewardship moti ve is 

derived from altrui sti c sense of responsibility in sustainable utilizati on of the environmental 

resourccs, i.e. in preserving the environment or reducing damages on the env ironment. The 

benevo lence moti ve is refl ected in the desire to conserve environmental resources for 

potenti al uses by others (Lambert, 2002; Birol et aI. , 2005) . 

Intrinsic va lue: Th is is a value attached to the belief that all organi sms have a worth of 

their own rega rd less of their usefulness to human beings. That is living organi sms are 

va luab lc in their ex istence rega rdless of monetary value placed on them by the society. 
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2. 1-2-1 Reasons for environmental valuation 

Most of the environmental goods and services have no market and hence prices that refl ect 

th eir va lue. In the case of goods and services that are not traded in a market, an economic 

value of the goods and services obviously cannot be directly obtained from the market. 

Moreover, environmental goods and services are often public goods. As a result, although 

consumers va lue these public goods, none of them could have an incenti ve to pay for their 

conservati on and even utilization. In addition to thi s, these goods and services may 

cncounter ex ternali tics, i.e. uncompensated side effects from human activities . Market 

mcchanisms are unable to regu late consumption, production and di stribution of such goods. 

There is there fore a need to value environmental goods for successful management and 

address market failure (Goldberg, 2007) 

To determine th e cost-benefit analysis of public projects on the environment, the methods 

of va luation of non-marketed goods becomes crucial. Valuation methods (especially those 

of non-market va luation methods) have been used in many different areas, ranging fro m 

health and environmental app lications to transport and public infrastructure proj ects. 

Neveltheless, if one needs to compare different projects by using cost benefit analysis, the 

change in the qua lity or quantity of the non-market goods should be expressed in monetary 

terms. Thi s ind icates that we need to have valuation methods for such goods and services 

(A lpizar et aI. , 200 I) 

Bennett and Blamey (2001) explained that the development of environmental valuation 

techniques is associated with society's growing interest in environmental issues and in the 

environmen tal aspects of products and goods traded in markets. Over the recent decades, 
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th e demand for monetary estimates of environmental changes has grown and va luat ion 

techn iques have become tools fo r policy and decision making processes in this regard. 

As noted by Bennett and Blamey (200 I) decision makers have also sought the 

quanti fication (in dollar terms) of their choi ce effects on the environment. As such, more 

and more companies are providing annual reports not only on their financial performance 

but also on their environmental perfomlance. 

2.1-2-2 N Oli Market Valuation Techniques 

A number of va luation methods have been developed by environmental economists. The 

following diagram cou ld demonstrate the techniques of valuation and their category 

accordi ng to Garrod and Willis (1999). 

Fig. 2. 1 Env ironmental Va luation Methods 
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As depicted in the diagram, there are four methods that are based on revealed preference 

approach , and two methods in the stated preference approach. However, there are other 

methods under stated preference approach such as conjoint analysis and contingent ranking 

methods . 

Revea led preference approach is applied whenever an environmental good or service (or a 

product that uses environmental goods as an input) has a market through which the buyers 

could revea l their willingness to pay. In revealed preference approach, the value of a non

market good could be inferred by studying the actual behavior of consumers on a closely 

related market. The beauty of this approach is its advantage of being based on the actual 

choices made by individuals. Its main drawback is the impossibility of measuring the non

use va lues (existence values, option values, and bequest values) of environmental goods 

(Alpizar et aI., 200 I). 

The stated preference approach enables to estimate the value of environmental goods and 

services whi ch are not traded in the market or when they are not closely related to any 

market goods and serv ices. In such situations, people cannot ' reveal ' their wi lli ngness to 

pay for these goods and services. Furthemlore, it may not be always possible to impute 

people 's wil lingness to pay by their action or expressed intent to avoid losing those 

env ironmental goods and services or replacing them if they are lost. In such a case, stated 

preference approach assesses the value of non market goods from individuals stated 

behavior in a hypothetical market setting (Alpizar et aI., 200 1). Stated preference approach 

is performed by asking individuals, explicitly, how much they are willing to payor accept 

for a change in environmental goods and services (Garrod and Willi s, 1999). 
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The bas ic idea bchind stated preference approaches for non market environmental va luation 

is to quanti fy a person 's wi llingness to bear a financial impost to achieve some potenti al 

enviro nmental improvement or to avoid some potential environmental harm (Bennett and 

Blamey, 200 I) 

Non- market va luation techniques have been used in many different areas, ranging from 

hea lth and environmental applications to transport and public infrastructure projects. It is 

difficult to find an economic value of a good in cases where the good is not traded in a 

market. As has been mentioned earlier, markets may fail to exist for some goods e ither 

because the va lues of these goods might not be perceived yet (option va lues), or because 

they are public goods. As has been outlined, if it is required to compare different programs 

by using cost bcnefit analysis, to ana lyze the impact of changes in the quality or quantity of 

the non-mark et environmental goods and services, estimation of the use and non use values 

of such goods should be expressed in monetary terms using the valuation techniques 

Han ley ct a l. ( 1998) explained that over the years, the research on valuation of non-market 

goods has focused on the two branches: reveal ed preference methods and stated preference 

methods. 

I) Revealed Preference Approach for Non Market Valuation 

The two mos t applicable methods under the revea led preference approach are the hedon ic 

pricing method and the travel cost method (Hanley et a I. , 1998). 

A. Hedonic Pricing Method 

This method takcs considerati on of a good as a bundle of characteristics as Lancaster has 

suggest cd (Lancaster, 1966 and Hendler, 1975). It is assumed that consumers or buyers wi ll 
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attach va lue to thc characteri stics of the good and will be willing to pay for them. Hedon ic 

Pricing meth od is commonly applied to variations in housing prices that may reflect the 

value of local environmental attributes (Garrod and Willi s, 1999). For example, a 

comparison of the housing prices in two streets, wh ich were similar except for the lcvel of 

air po llution , cou ld be made using this method. 

It is known that marketed products are mostly tied with environmental goods and services. 

Thus, environmental goods and services tied to the product cou ld be among the 

charactcri sti cs of the product. As such, when the buyer of the (marketed) product buys thi s 

product, hc/s he a lso buys the environmental good or service and hence pays for it. This has 

an implicati on that the decline in quantity or quality in the environmental goods and 

serviccs wi l1lower the price of th e product. As the Hedonic Pricing Method uses this fact , it 

is most suitable to assess the va lue of local environmental attributes. 

This method, therefore, cou ld be used to estimate economic benefits and damages 

associated wi th environmental quality such as air and water pol1ution, noise, and 

enviro nmental amenities as aesthetic views, closeness to recreational sites etc. These 

attributes will ha ve direct effects on house rents and land prices in a given region. The 

value of these environmenta l goods, thus, could be estimated from the change in the house 

rents or land prices . 

Limitations of hedoni c pricing method include: 

o Applicable only when the environmental goods and serv ices are tied to the marketed 

goods. 

o Dcmands a ri ch data base and reli able estimation method 
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o Is s llsceptiblc to the choice of model spec ifi cation used to estimate at hand. 

B. Travel C ost Method 

This meth od is based on the assumption that the costs that indi viduals incur to visit a 

certain recreationa l site refl ects the payment for the access or improvement of an 

envi ronmen tal good or service. Willingness to pay of the people could be estimated from 

the number of trips that people make at different costs. 

The method is more applicable for the estimation of economic va lues of recreational sitcs. 

It is less controversial , less expensive and reliable method in estimation processes. 

Limitations of the method include: 

o Difficulty in assign ing monetary value to time costs of vis itors to a site. 

o Inappropriate for estimating the use va lue of characteristics of a recreational site 

espec ia ll y when visits serve many purposes of a particular visitor. 

II) Stated/ Expressed Preference Approach for Non Market Valuations 

The two most fami liar methods in this approach for valuation of non-marketed 

environmental goods and servIces are contingent valuation method (CVM) and choice 

experimcnt (choice modeling). 

A. Contingent Valuation Method (CVM) 

CVM is th e most widely used method of valuation around the world in cost benefit ana lys is 

and environmental impact assessments (Hanemann, 1994 and Alpiza r et aI., 200 I) . The 

idea of CVM survey was first proposed in theo ry by Ci ri acy-Wantrup ( 1947) (Hanemann , 

1994 and Verbic, 2007) for e lici ting value of non marketed goods. The first practical 
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application of CVM was applied by Davis in 196 1 on the recreational value of the Mai ne 

Woods (Vcrb ic, 2007). 

The main concept of CVM is to elicit individuals' responses in terms of thei r preferences 

by specifyi ng a hypothetical market situation. Proposed changes in the environmental 

goods and services are described by a number of different scenario developments and 

individuals are asked directly to elicit their willingness to pay. The term 'contingent ' 

va luation is becausc of the specific feature of the method as it is based on asking people to 

state th eir will ingness to pay, contingent on a specified hypothet ica l scenario setting 

(Garrod and Wi ll is, 1999). For instance, individuals could be asked to give their maxi mum 

willingness to pay to visit a certain recreational area, contingent up on a fee being 

introduced or for the access of the recreational area created. 

Contingent valuat ion plays an important role in the va luation of env ironmental goods which 

cou ld nol bu va lued using revealed preference methods-in cases when the good is not 

close ly re lated to marketed goods. Travel cost and hedonic priee methods cannot estimate 

non use va lucs, s ince there is, by definition, no related market good for non-use va lues. 

Thus, for example, contingent valuation is requ ired to value public goods such as 

wi lderness and landscape preservation; biodiversity; the existence value of national book 

co ll ect ions such as the Library of Congress or the British Library; the value of preserving 

histori cal arti facts , monuments, and the character of old towns and villages. (Garrod and 

Willi s, 1999) 
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Possible Biases in CVM 

CVM is the most widely used method of valuation for non market goods which is relati ve ly 

easy and straightforward to apply. However, it remains to be a questioned method for 

various potcntial biases (Bennett and Blamey, 2001). Some of the biases are: 

o Hypothetica l bias: - This is a bias because of hypothetical scenario. Most often, 

individuals tend to overstate their wi llingness to pay for private and public goods in 

hypoth eti ca l markets. One possible explanation for hypotheti ca l bias in CVM is 

yea-saying (the tendency to agree with questions in the scenario regardl ess of their 

contents) (B lamey et aI., 1999). 

o Biases due to ' warm-glow' effect: - This may be evoked in the scenario or due to 

po l iti ca l bias that may dampen actua l responses of individuals 

o 'Embcdding effect' biases: - [fpeople are first asked their willingness to pay for one 

part of an environmental asset and then asked to value the whole asset, the amounts 

stated might be similar. 

o Strategic bias: - Biased answers might be provided in order to influence a particul ar 

outcomc. 

o Informat ion bias: - This may occur when respondents are asked to elicit their 

willingness to pay in which they didn't have enough information. 

B. C hoice experiment method 

The interest to take cons iderati on of environmenta l valuation in public projects has rai sed 

the demand for non-market environmental valuation techniques . With thi s regard , the 

interest fo r stated preference methods has been increasing for their capability to yield 
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est imates of fu ll array of use and non use environmental benefits and costs (Bennett and 

Blamey, 2001). The most widely used method in stated preference approaches is CYM. 

However, due to the critic isms in CYM (especially for the potential strategic biases), other 

meth ods have becn developed - one of whi ch is choice experiment (ibid). Alpizar et al. 

(200 I ) suggested that, in addition to the well known contingent va luation method, choice 

experiment (CE) is a very important tool for valuing non-market environmental goods 

wh ich cou ld bc used in cost benefit ana lys is and litigations related to damage assessments 

(A lpi za r ct aI. , 200 I) 

As to Birol et al. (2005), CE is the most appropriate method in the range of non market 

va luation techniques - for the valuation of the benefits generated from the multiple 

characteri stics and fi.mctions of environmental goods. 

Choicc cx periments are c lass ified under the fam il y of stated preference methods which are 

consistcnt with random utility theory in economics and psychology (Louviere, 200 I ). They 

wcrc originally used in the fields of transport and marketing (Adamowicz et aI. , 1998b, 

Alpizar et aI. , 200 I and Hanley et aI. , 1998). It is on ly recently that they are used in the 

fi c lds of hcalth and environmental economics to value non market goods. Hanley et al. 

noted that the term 'choice experiment ' seems to have been first introduced by Louviere 

and Woodworth (1983) (Hanley et aI., 1998). Furthermore, it has been thought that the first 

app li ca tion of choice experiment was done by Adamowicz (1994) to non market va luation 

i.e. to th e valuation of Highwood and Little Bow Ri vers in Alberta, Canada (Birol et aI. , 

2005 and Hanley et aI. , 1998). Since then, the interest of using choice experiments has been 

IIlcreaslIlg. 
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The technique of choice ex periment is based on Lancaster's characteristic theory of va lue 

(Lancaster, 1966) and random utility theory (McFadden, 1974, List et aI. , 2006, Bi rol et aI. , 

2005 and Hanl ey et aI. , 1998). Choice experiment is a structured method of data generation 

whi ch needs design ing choice sets that help to infer the factors influencing choice. 

In choice ex periment, respondents are offered a hypothetical market setting in which the 

attributes (and the ir levels) of environmental goods is presented as an alternative. Monetary 

va lues (prices) arc included as one of the attributes. Individuals are, then, asked to choose 

their most preferred alternative fro m several alternatives in a given choice set. Respondents 

wi ll be prov ided a sequence of choice sets to take the alternatives (Hanley et aI. , 1998 and 

Bennett and Blamey, 200 I ). When individuals make a choice from the provided 

alternatives, implicitl y it is implied that they are making trade offs between the attribute 

level s. 

Choice expe rilllents could provide a large amount of infornlation . This is because the 

method enables to value a non market good by separately eva luating individuals' 

preferences for the attributes (or characteristics) of the good to be valued. This information 

could be used in determining the preferred design of an environmental good (Alpizar et aI. , 

2001). 

Accordi ng to Alpizar et al. (200 I ) the reasons for increased interest in using CE are: 

o Poss ibili ty of reducing some potential biases in CVM 

o Elicitation of more information from respondents as compared to CVM 

o Poss ibility of testing internal consistency in choos ing alternatives (due to sequence 

of choices provided) 
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o Possibility of avoiding the difficulty in attaching direct monetary values (in CYM) 

to an environmental good which is not hi ghly experienced by the respondents 

The literature suggests that respondents may overstate their true preferences in hypothet ica l 

exercises . Li st et al. (2006) indicate that, under the CE method two distinct types of 

hypothetical bias can be expected to emerge. First, a hypothetical bias might occur in th e 

purchase decision. Second, even if hypothetica l bias might not be present in the purchase 

dec ision , i.c., even if agents in the hypothetical scenario are equally likely to purchase the 

good as agents in the actual scenario, it might be present in the estimates of the marginal 

va lues of the attributes . 

However, some ev idence has been found that the choice-based approach performs better in 

both private and public goods; and hypothetical and real values are similar. " In all cases, 

hypoth cti ca l choices in a cheap talk treatment are statistically indistingui shable fro m actual 

responses. This ev idence suggests that the choice experimental approach might provide a 

va luab lc avenue to credibl y estimate use and passive use values of non-market goods and 

serviccs." (List et aI., 2006, p. 24) 

Mo rcovcr, one important aspect in choice experiment is the difficulty for the respondents to 

makc strategic response. When individuals are faced with consequential survey, they would 

havc an incenti ve to misrepresent th eir true preferences. Consequential survey is a survey in 

which respondents could perceive as something that may potentially influence agcncy 

dec isions or onc in which they care about its out come. If there are such incenti ves, th e 

preference profiles constructed cou ld hardl y refl ect the true preferences, rather they refl ect 

stratcgic bchaviors. If thi s is so, choice experiments become flawed and welfare estimates 

will be unrealistic (ibid). 
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However, it is suggested that behavi ng strategical ly is more difficult in choice experiments 

(as compared to CYM). Respondents in CYM survey need to consider one single change in 

a project involvin g a certain payment. But, a typical choice experiment always consists of 

more than two alternatives described by at least three to four attributes. Attribute se lection 

is assumed to be considering that attributes are s igni ficant determinants of choice behavior 

of respondents ( in changing their utility levels). Thus, it wi ll become more difficult for 

ind ividual s to respond strategically in choice experiments (Bennett and Blamey, 200 I and 

Alpi zar et aI., 200 I) 

Choice cxperi ment is among the attribute based techniques of valuation' (Bennett and 

Blamey, 200 I ; Girma, 2006). In contrast to other attribute based techniques, choice 

experiments are based on sound, well tested, and long standing behavioral theories. The 

empiri ca l applications of choice experiments follow directly from random utility theory and 

allow tests of assumptions under random utility theory (Hanley et aI. , 1998, Bennett and 

Blamey, 200 I and Adamowicz et aI., 1998). 

The techniquc of CE is different from that of contingent ranking. In CE respondents are 

asked to choosc their most preferred alternati ve in a given choice set and no ranking is 

2 Along with choice experiment, it is worth mentioning the term conjoint analysis which is some 
what broader in coverage than CE since it includes ranking exercises. Though there are some 
common characteri st ics, conjoint analysis methods differ widely from choice experiments in task 
characteristics espec ially in the nature of observed responses and statistical models used to ana lyze 
preferences (Bennett and Blamey, 200 I). 

Accordi ng to Bennett and Blamey (200 I), conjoint analysis methods are most often based on 
statistica l and mathematical considerations which are not behavioral theories. This is illustrated 
better in market ing where techniques and methods lend to dominate academic and commercial 
practices though they lack behavioral or theoretical support. [n addition, a technique of contingent 
ranking is ind icated as one of the attribute based techniques. Conjoint analysis is described to be 
different from choice experiment and contingent rank ing techniques. "Conjoint analysis also 
includes methods from marketing which look similar statistically to CE or contingent ranking, 
which lack the random utility basis ofCE and contingent ranking." (Hanley et aI., \998) 
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requ ired. But, in contingent ranking respondents are asked to rank their choices in the 

alternatives (Hanley et a!., 1998 and Adamowicz et a!. , 1998). 

CE is a technique based on the notion that attributes of an environmental good can be used 

to understand the general trade offs which an individual is willing to take. But, CVM 

focuses on a specific change in an environmental good. CE is, thus, better in contrast to 

CVM to understand the general trade offs between attributes individuals are willing to take. 

Moreover, CE is advantageous over the methods in revealed preference approach in terms 

of avo iding co-linearity between attributes and enabling the estimation of non-use va lues. 

Marginal values of attributes that may be difficult to identify using revealed preference data 

(due to co- linearity problems or lack of sufficient variation) could be obtained using CE 

method (List et a!. , 2006). CE is also preferable compared to contingent ranking since 

ranking of alternati ves is a more difficult task for respondents than pair-wise comparisons 

(Renn ett ane! Rlallley, 200 I and Hanley et a!. , 1998). 

There are, however, potential problems in using CE method. The first is the complex nature 

of the experimenta l design (from the possible combinations of attribute levels). The other is 

difficulty of selection of appropriate attributes and levels (Hanley et a!. , 1998). 

2.2 Empirical Literature Review 

Choice experiment is a relatively recently developed method of valuation in the family of 

stated preference methods. However, its application has become frequent in environmental 

va luation . Different studies have applied choice experiment in the fields of marketing, 

transport , health , and environment. Reviewing all those literatures applying choice 
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experiment is not an easy task. Here, an empiri ca l review is presented on studi es applying 

choice ex perimcnt in the va luation of environmental goods and serv ices. 

Bi ro l et al. (2005) used choice experiment to estimate the non-use values of wetlands. The 

case study was Cheimaditida wetland, which contains one of the remaining freshwater 

lakes in Greecc. The wetland is located 40 km South East of Florina in North West Greece 

with a total arca of about 168 km2 which is rich in flora , fauna , and habitat of biodiversity. 

Choice experimcnt was des igned to value the wetland management scenanos. The 

fo ll owing four wetland management attributes were identified: biodiversity, open water 

surface area, research and educational ex traction, and retraining of local farmers and 

fi shers. In addition to these, a monetary attr ibute was included. 

For biod ivcrsity attribute, the management levels were low (deterioration from current 

levcls) and high (a 10% increase in population and size of habitats). The attribute- open 

water surfacc area has the levels - low (decrease from the current level of 20%) and high 

(i ncreasc to 60%). Similarly, research and educational extraction has the levels - low 

(deterioration from the current level of extraction) and high (improve the level of extraction 

by providing better faciliti es). Each of the remaining two attributes has four numerical

val uc levcls. 

Only 32 pa ir-wise compari sons of wetland management scenario alternatives were used out 

o f 128 poss ibiliti es for the choice experiments. These 32 pair-wise alternatives were, thcn, 

random ly divided into four versions (each with 8 choice sets). The total sample size was 

407 rcspondents in 10 cities. 
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From the bas ic conditional logit model, it is reported that all of the wetland management 

at tr ibutes were signi fica nt fac tors in the choice of wetland management scenarios. More 

over, it is impl ied that any single attribute increases the probability of management scenario 

se lecti on. Takin g the monetary attribute i.e. 'payment ' as a reference (normali zing) 

variab le, th e biodiversity att ribute was the most important wetland management attribute. 

The relative importance o f the rest of the attributes studied (in decreas ing order of 

importance) is: open water surface area, research and educational extraction, and retrai ning 

of loca ls. 

Choice modeling was applied for estimating wetland biodiversity va lues in Vetnam's 

Mekong River de lta (Do and Bennett, 2007). The case study was Tram Chim National park 

in th e Mekong Ri ver Delta (MRD) which is a 9000 ha wetland in Tam Nong distri ct, Dong 

Thap province, Vietnam. This wetland provides habitats for 127 plant species and is the 

fi rst wetland national park registered to he a Ramsar wetl and site. 

Five attr ibutes and fo ur levels fo r each attribute were detennined from focus group stud ies. 

The fi ve attributes were: area of healthy vegetation (the area hav ing healthy melaleuca 

fo rest and grass land without any invasive mimosa pigra), number of Sarus cranes (the most 

endangered bird spec ies), number of fi sh species, the number of households affected, and 

the cost option (or payment) . 

The levels of attri butes were determined in consultation with wetl and ex perts, and cri teri a 

were used to select the payment vehicle. Each attribute has four numerical-value levels 

(includ ing thc status quo level). 

Three sub samples of respondents were administered in the study. The first sub sample was 

drawn from thc popu lations of the Mekong River Delta that were not directly affected by 
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the changes in the management of Tram Chim wetland. The second sub sample was drawn 

from thc urban res idents adjacent to the MRD. The third sub sample was drawn from those 

who li ve fa r from MRD. In genera l, the total ex pected sample size indicated for the choice 

ex periment exerc ise was 900. 

Two models we re estimated for each location (sub sample) across three options (status quo 

and two other options). The first model invo lves only the attributes and an alternat ive 

speci fic constant (ASC). Thi s model was constructed to show the importance of th e 

attributes in ex plaini ng respondents' choices across the options (in a choice set). The 

second model was constructed by interacting the socioeconomic and attitudinal 

characteristics w ith th e ASC and selected attributes . The attribute 'cost' was interacted wi th 

'age', 'gender', ' income', and 'education '. 

Resu lts of the multinomial logit and random parameter logit models suggested that 

respondents preferred more healthy vegetation, more birds, fewer farmers, and less cost. 

The number of fis h species was an insignificant variab le for the respondents. Moreover, 

both models were said to produce similar results in terms of magnitude of coefficients, 

signs and significance levels, except for 'education ' interacting with the ' cost' variable. 

From the MNL model, respondents were on average willing to pay 920 VND for a one per 

cent in crease in health y vegetati on and 900 VND fo r an additional ten Sarus cranes; but , 

they requircd to be compensated with 870 VND for every ten local households made 

worse-off. 

A case study of the wetland protection on the Macquari e Marshes in Central Western New 

South Wales, Austra lia was another study that used choice experiment (Bennett et aI. , 

200 I). !t was reported that there was competition for water use with the irrigation industry 
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of the Macquari e Ri ver va lley. As such, allocating more water to the wetlands would create 

non-use environmental va lues which could cause costs in forgone irrigation production. To 

meet the in format ion requirement in weighing up the costs and benefit s, and to assist 

reassessment of wa ter allocation between irrigation and wetland, non-market valuation with 

choice modeling was applied. 

The Macquarie Marsh with an area of about 5000 km' was once the largest wetland in New 

South Wa les. It was li sted as a wetland of international importance under the Ramsar 

Convention. The wetland was sa id to provide habitat for water birds and helps to act as a 

fi Iter that improves water quali ty. 

It is exp lained th at a dam on the Macquarie River was opened in 1967 and a large area of 

irrigated agri culture was developed. Because of the extensive use of water for the irrigati on, 

less water could reach the Macquarie Marshes. As a result, the area of the Marshes had 

fa llen (from 5000 km' to 1200 km'), frequency of water bird breed ing decl ined , and 

num ber of protected bi rd species has fa llen (from 34 to 12). 

Five attri butes were identified based on focus group discussion. The fi ve attributes with 

thei r leve ls were: water rates ($0, $20, $50, $ 150), irrigation related employment (4400 

jobs, 4350 jobs, 4250 jobs), wetland area (1000 km', 1250 km', 1650 km', 2000 km'), 

frequency of water bird breeding (every 4 yrs, every 3 yrs, every 2 yrs, every yr), and 

presence of endangered and protected species ( 12 species, 15 spec ies, 20 species, 25 

species). Socioeconomic characteri stics were also included in the questionnaire. 

Three broad options: to continue the current situati on, to increase water for th e wetl and , 

and/or to increase water fo r irrigati on were provided fo r a respondent, in a given choice set. 

A respondent was provided with six choice sets and 318 usable questions were coll ected. 
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Two different multinomial logit models were estimated. The first was a basic model whi ch 

includes attri butes in explaining respondents' choices across four different options 

(continue with current situation, increase water to wetlands - in two options, and less water 

to th e wetlands). The second model incorporates socioeconomic and attitudinal variables. 

Us ing th e first model, four utility functions were derived based on the four options. All the 

att ri bute coeffic ients in the choice sets and the overall model were significant at the 1% 

level o f signi fica nce. The results indicated positi ve non-use values for environmental and 

social outcomes from wetland protection. The wi llingness to pay for changes in the 

attr ibu tes and th e marginal rates of substitution between attributes of interest were reported. 

Choice ex pcriment was applied by Carlsson et al. (2003) to develop a wetland area in 

Staffanstorp, Southern Sweden. The study was motivated by the fact that the municipality 

of Staffanstorp plans to develop a wetland area as a means to increase the retention of 

nu tri ents, s ince mure than 90% of the original wetl ands have been eradicated due to 

ex pansion of citi es, roads, and agriculture. 

The attributes and questionnaire were developed in cooperation with researchers 

speciali zed on wetlands and focus group discussions. Three of the seven attributes that were 

identifi ed a long with their levels were: total cost (SEK 200, 400, 700, 850), surroundin g 

vegetati on ( fo rest, meadow), biodiversity (low, medium, high). The other four attributes -

fi sh, fenced waterline, crayfi sh, and walking facilities have two levels- Yes and/or No. 

Six ty choice sets were created which were, then, blocked into 15 versions each containing 

four choice sets. A sample of 1200 randomly selected individuals (those 18 to 7S years 

li ving in Staffanstorp) was admini stered through mail survey. Only 468 individuals were 
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availab le for analysis from 580 (48%) individuals who returned the questionnaire. The 

questionnaire includes questions regarding the respondents' soc ioeconomic status. 

Two models, the random parameter logit model and the standard conditional logit model 

were used and estimated . Except the 'Surrounding Vegetation' , all attributes were 

significant for the two models. But, the mean coefficient for 'Crayfish ' was implied 

insign ifi cant in the random parameter logit model. The 'Surrounding Vegetation' attribute 

has a ncga ti ve but insignifi can t WTP. The WTP for ' fenced waterline' and 'crayfish ', was 

also negative suggesting that these attributes decrease the average utility that could be 

derived from a wetland area. 

Ada mowicz et al. (1998a) used both CE and CV approaches to measure the passive use 

va lues for a wood land caribou management program in Alberta, Canada . The wood land 

caribou in West Central Alberta are said to be characterized by considerable (forest, oil and 

gas) industri al and recreational areas. It is indicated that the woodl and caribou were li sted 

as " threatened" and programs were fac ilitated to maintain and enhance caribou habitat. 

Five attributes were constructed through consultations with the bio logists. The attributes 

were: mountain caribou population (number of caribou), wilderness area (in hectares), 

recreation restriction, forest indushy employment, and change in provincial income taxes 

(annual change). Each of the fi ve attributes has fou r levels - the current situation, one leve l 

below th e current situation, and two levels above the current situation. Attitudinal and 

demographic questi ons were also included in the questionnaire. 

A sample of 900 individuals selected through random digit dialing telephone contacts were 

taken as a sample and 447 respondents completed the CE task. 
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Linear and quadratic form utility functions were estimated for the CE, CV, and combined 

CE and CV models. From the linear functional form of CE model, the coefficients for 

caribou population and wi lderness area were found positive while the coefficient on tax 

was negati vc, as expected. The quadratic form of the CE model out performed the linear 

model. Utility for caribou population and wi lderness area was said to increase at decreasing 

rates in the quadratic model. The employment attribute was found insignificant in both 

functional forms. 

A st udy that used choice modeling in tropical rainforest preservation was conducted by 

Rolfe ct al. (2000). This was an application of choice experiment to the estimation of non 

use va lues that Austra li ans might hold for the preservation of rainforest in Vanuatu. 

Focus group di scussions were used for assessing the Australians awareness of rainforest 

preservat ion. A fterwards, seven attributes were identified appropriate to the Vanuatu in 

rainforest preservations. The attributes include: Location (Vanuatu, Far North Queensland, 

Queensland/NSW boarder, Papua New Guinea, South America, Thailand, Indonesia), Area 

(100 ha, 1000 ha, 10000 hal, Rarity (Not rare, Fai rly rare, Extremely rare), Visits (No 

visits, Moderate visit s, Easy visits), Local people (Worse off from protection, No change, 

Better off from protection), Special features (No special features , Special plants and 

ani mals, Spec ial landscape as well as plants and animals), and price ($ 5, $ 10, $ 20, $ 50). 

An individua l respondent had to answer 16 choice sets. lOS sample respondents in 

Bri sbane, Australia completed the survey which could, thus, give a total of 1680 

observations. 

A bas ic MNL model was estimated and all attributes were found stati stica ll y significant at 

conventional levels of significancc. Moreover, MNL model results incorporatin g 
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socioeconomic variables as interactions with the ASC were reported and di fferent 

ex planations were given. The study concluded that Australians hold substanti al non use 

va lues in other countri es than in Australia for rainforest preservation . 

Choice ex periment was applied by Carlsson et a l. (2005) to examine Ethiopian farmers' 

preference for agricu ltural extension packages. The paper aims at analyzing the extent that 

fanne rs prefer agricultural packages to alternative loca l public goods. 

A scenario that could describe the attributes and the choice task was prepared and read to 

the respondents. The extension package includes improved seeds (ma ize or teft) and 

modern agricultura l inputs. The extension package was further described by two additional 

attributes: amount of money to be paid back (with four levels) and insurance scheme (i n 

which farmers will not be forced to pay back money in case of a crop failure). The public 

good is either health station or protected spring. 

Sixteen cho ice sets were constructed which were then divided into two versions (each with 

8 choice sets), i.e. , a respondent has to complete 8 pair-wise choices. A total of 1520 

randoml y selected households were interviewed from two Zones in Amhara regional state: 

East Gojjam and South Wollo. The head of the household and the spouse were asked choice 

ex periment questions. 

From th e random effects probit model , the large majority of respondents were found to opt 

for th e public good. Among the two public goods, health station was preferred to protected 

spring. The other result found was that when insurance was combined wi th extension 

package, a sign i fi cant increase in choice of extension package was observed. 

35 



CHAPTER THREE 

3. METHODOLOGY 

3.1 The Study Area - Location and Features of Lake Tana 

Lake Tana is found in North West highlands of Ethiopia, Amhara National Regiona l State. 

The Lake lies bctween latitude of 10°58' - 12°47' N and between longitude of 36°45' -

38°14 ' E, at an altitude of 1830 m above sea level (Ayalew et a!., 2007). The surface area of 

th e Lake is estimated to be between 3150 km2 and 3500 km2
, depending on seasonal 

variations. Lake Tana is a sha llow lake with average depth of8 m and a maximum of 14m. 

The Lake is the major source of Blue Ni le and the mean annual outflow is estimated to be 

abo ut 4 km3 per year (Berhanu et a!. , 200 I). Five major rivers that carry a heavy load of silt 

and sediment feed the Lake. The Northem and Eastern shores of the lake are said to be 

dominated by Montmori llonite rich clay soi ls where most inflowing rivers originate and 

flood to th e Lake (during the rainy season). Berhanu et a!. (2001) noted that sediments of 

alluvial so il s are loaded to the Lake from incoming rivers that flow passing areas of 

ex tensive agriculture. Moreover, annual soil loss in the lake catchment area ranges from 3 1 

to 50 tons per hectare (Ayalew et a!. , 2007). [n addition, fertilizers and pesticides used in 

agr icu ltural activities (around the Lake) that are loaded to the Lake by heavy run-off are 

becoming dangerous for fish habitat and water quality reduction. All in all, it is sa id that 

Lake Tana is characterized by low nutrient and high silt concentrations. 
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3.2 Theoretical Framework of the Methodology 

Maximization of utility subj ect to a budget constraint is the basis for microeconomic 

mode ls of consumer behavior. The basic idea behind the choice experiment model 

formulation is the Lancastrian approach of consumer behavior (Lancaster, 1966) and the 

random utili ty theory (McFadden! 974, List et ai. , 2006, Biro! et ai. , 2005 and Hanley et 

ai., 1998). 

Accord ing to Lancaster's approach, individuals are considered to derive uti lity from the 

properties or characteristics of the goods rather than directly from the goods themselves. 

This was sa id to be a ' break-away' from the traditional approach that goods are direct 

objects of utility. He elaborated that "utility or preference orderings are assumed to rank 

co ll ections of characteristics and only rank collections of goods indirectly through the 

characteristics that they possess" (Lancaster, 1966 p.133). That is the utility that a 

consumer derives doesn't come from the good per se, rather it comes from the 

characteristics the good possesses. 

Choice experiment is a technique in which individuals are asked to choose between options 

of the environmental goods hypothetically constructed from the different attributes (or 

characteristics) along with their levels. As such, the analysis of va luation of a good using 

cho ice experiment is said to be modeled based on the characteristics theory of value 

combined with random utility theory (Hanley et ai., 1998). 

Tn choice experiments (and based on the characteristics theory), an individual is expccted to 

make two decisions in making a choice: choosing which good to consume and how much 

of the chosen good to be consumed, i. e. there is a discrete v, continuous choice. Hence, 

when there are price changes of goods, individuals could make a discrete switch from one 
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bundle of goods to another bundle of goods that could give them the most cost - cffi cient 

combinat ion of characteristics/attributes (Alpizar et aI., 200 I). 

Accord ingly, in th e app li cation of choice experiments to value non-marketed environmental 

goods, a specifi c continuous dimension is assumed as part of the frame work in such a way 

that di screte choices take place. But in CVM surveys, the same spec ific continuous 

dimension is assumed with the objective of obtaining the value of a certain hypothes ized 

environmental project that includes a give continuous deci sion. 

3.3 Econometric Model Specification 

Most often stated behavior surveys are said to be found inconsistent with a determini stic 

model of utility fun ctions of consumers . Those inconsistencies are assumed to arise from 

obscrvati onal difficu lti es of consumers' behavior. Unobservable components , 

individua li sti c characteristics, attributes that are not included in the alternatives of the 

choice ex perim ents, measurement errors, and heterogeneity of individuals' preferences are 

among the observational difficulties. 

In order to incorporate the effects of observationa l difficulties in uti lity functions , random 

utility thcory (McFadden, 1974) could be applied. The random utility approach enables to 

li nk the determini sti c component with the random component. 

For th e spec ification of utility function , the most commonly used assumption is that the 

elTor term which represents the random component be entered as an additi ve term. Th is 

could enable to simplify the computations of results and estimations of welfare changes 

(A lpizar et aI. , 200 I and Hanley et aI., 1998). 
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If utility func ti on of a representative individual is assumed to depend on a vector of 

environmental attr ibutes and socioeconomic factors, it could be formu lated as: (B iro l et aI. , 

2005, A lpizar et aI. , 200 I, Bennett and Blamey, 200 I) 

u. = V (Z . ,S ) _________________________________ ________ _______________________ ( I ) 
In In n 

However, this utility function could not be estimated for certain, due to the observational 

diffi culti es. Hence, U ;n shou ld be the representation of the unobservable (latent) utility fro m 

a given opti on i of individual n; Z;n is a vector of environmental attributes for an option i 

and indi vidual n; and S" is a vector of socioeconomic facto rs of individual n. 

Incorporating the error ternl representing the random component as an additi ve term, th e 

unobservab le utility function coul d be explained by the deternlinistic (observable) portion 

and a random portion as fo llows: (ibid) 

Uin = V (Zin' S n) + Cin ------------------------------------------------- (2) 

Where V(Z. , S ) represents the deterministic (observab le) component and E . represents 
In n In 

the random component of the latent utility associated with alternative i and individual n. 

As it is impossible to understand and predict preferences of individuals perfectly because of 

the random component in the latent utility function , we need to have an expression in the 

form o f probabi li ty of choice. That is the presence of the random component permi ts to 

make probabili sti c statements about consumers' behavior. Thus, the probabi li ty of an 

individual choos ing option i to j in a given choice set is formulated as: (B irol et aI. , 2005, 

Bennett and Blamey, 200 I) 
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where j is any option to the individual in a given choice set and C j is choice set provided to 

thc individua l. 

In using multinom ial logit (MNL) for estimating choice probabiliti es, it is assumed that the 

random variab le c. is identica lly independently distributed with an extreme value type I 
111 

(Gu mbel) ( UD) and choices are consistent w ith the independence of irrelevant a lternatives 

(ll A) (Cameron and Trivedi , 2005, Green, 2003, and Alpizar et aI. , 2001). The probability 

of choosing option i could be given by: (Cameron and Trivedi, 2005, Green, 2003, and 

Alpizar et a I. , 200 I, Birol et aI. , 2005) 

PO) = 
/-L V. 

ex p I 
, j E C __________________________________________ (4) 

/-LV. 
I: exp J 

/1 is a scale parameter in which the true parameters are confounded with in it. It is not 

poss ible to idcnti fy thi s parameter from the data (Alpizar et aI. , 200 I). The sca le parameter, 

thus, has an impact of restrictions in interpretati on of estimated coefficients. Coefficient 

interpretati on in MNL model is relative to the reference or base category group. In MNL 

model, the sca le parameter has an inverse relation with the variance of the error term given 

2 
by S2 = ~ (Adamowicz et aI. , 1998 and Alpizar et aI. , 200 I). 

6/12 

The main drawback in MNL model is the one that arises from the relat ion between 

pro bab iliti es. The ratio of any two probab iliti es is assumed to be independent of the 
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As noted by Biro l et a l. (2005), since the random parameter logit model does not require the 

llA assumpt ion, the stochastic part of utility may be correlated among alternati ves and 

across the sequence of choices via the common influence of 11n. Moreover, it is indicated 

that in terms of overall fit and welfare estimates, random parameter logit model is superior 

to condit iona l logit model. 

The estimatcd determini stic (indirect) utili ty function generally will have a form of: 

Ttj = ASC + I j3 k Z k + I j3 m S m ---------------------------- (7) 

ASC is the alternat ive specifi c constant that captures effect of any attribute (not included in 

the cho ice speci fi c attributes) on uti lity; k is the number of environmenta l attributes and m 

is the number of socioeconomic factors. Note that socioeconomic factors are constant 

across choice occas ions for any individual and can only enter as interaction ternlS with the 

environ mental attr ibutes. 

The marginal va lue of a change in an attribute could be gIven by the ratio of the 

coeffi cients o f the attribute in questi on and that of the payment attribute, other things be ing 

the same. Thi s is referred to as the part-worth or imp licit price or marginal willingness to 

pay of th e attribute. It represents the marginal rate of substitution between the payment 

attribute and th e attribute in question. 

MWTP = -{Jattribute 

{J payment attribute 
--------------------------------------------- (8) 
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In gcneral , for a linear utility function, the marginal rate of substitution between two 

attributes is s impl y the ratio of their coefficients (Bennett and Blamey, 2001, Alpizar et aI. , 

200 I, Birol et al. 2005). 

Morcover, th e welfare changes from quality or quantity change of an environmental good 

(att ributes) could be given by the measure of consumer surplus as: (Bennett and Blamey, 

200 I, A lpi zar et aI. , 200 1, Birol et aI., 2005). 

-(Vo-VI) 
cs = -(J-p-ay-,-n-en-"t-. a-t-'-tr-ib-~-tt-e ------------------------------------------------- (9) 

Where V o represents the indirect utility at the status quo and VI represents the indirect 

utility assoc iated with environmental changes in various scenarios. 
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CHAPTER FOUR 

4. DATA COLLECTION AND SURVEY DESIGN 

4.1 Data and Its Source 

The data uscd in thi s paper is primary data . It was obtained from the fi shermen through face 

to face interview. Currentl y abou t 1685 fi shermen participate in fishing activities in Lake 

Tana] 

Some of the fi shermen are under associations . One association is found at Bahir Dar town 

named number I fi shennen association and the other at Gorgora named Gorgora fi shermen 

assoc iation. The one at Bahir Dar town is well organized and has 116 members. The 

association at GOI·gora is not well organized and has about 40 members. Respondents were 

taken from these associations. To have respondents from the non-members of associations a 

sample of fi shermen were interviewed at Bahir Dar town and Enfranz (a small town in 

North Gondar Zone). Three individuals were employed and trained to interview the 

respondent s. Two of them were students at Bahir Dar University and the other was at 

Enfranz. 

4.2 Design Issues 

Four major tasks are expected to be done to undertake the choice experiment survey design. 

These are de finition of attributes and their levels, experimental design, questionnaire 

development, and sampling. 

J Interview with head of the fishery department at Amhara Regional State Agriculture and Rural 
Development Bureau) 
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4.2-1 Definition of attributes and levels 

The firs t step in undertaking choice ex periment survey design is to identify the att ributes 

and attribute levels to be included in the survey. Before deciding those attributes to be 

included in thc survey, the importance of the attributes in choi ce dec isions has to be 

recognized (A lpi za r et aI. , 200 I). Moreover, the attributes identi fied should be consistent 

wi th po li cy instruments that are expected as outcomes from the a lternati ves provided and 

hence, th ey should be relevant to the po licy making process (Bennett and Blamey, 200 I). In 

add ition to this, the attributes used must have mean ing to the people who will answer the 

questi ons. If att ributes are irrelevant to the respondents, the possibility of getting valid 

responses being received will reduce and response rate may dimini sh (ibid.) . The issue of 

customi zation, i.e. making choice a lternatives more reali stic by relating th em to actual 

levels is important to have better understanding by the respondents. Accordingly, it is better 

to include an alternati ve that describes today 's situation - status quo as one of the 

alternatives in a choice set (Alpizar et aI. , 200 I). One of the attributes required to be 

included in the choice experiment scenario is the monetary attribute. This attribute has to be 

included to measure welfare changes in the scenario (ibid .) . 

After attributes are identified and defi ned, the levels of each attribute have to be 

determined. The leve ls coul d be expressed qua litatively or quantitatively. Quant itat ive 

ex press ion of levels has a distinct advantage in terms of modeling and va luation potential s 

afforded (Bennett and Blamey, 200 I). 

As to Nage lkerke ( 1997) and de Graaf (2003) , the endemic fi sh species (Barb us) is in need 

of protcction as its abundance is declin ing at alarming rate. de Graaf has suggested that 

fis hing pressurcs focused at the spawning grounds and spawning seasons of the Barbus 
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species should bc controlled and prohi bited. He has proposed four options as measures to 

be taken to protect the endangered species. 

From such perspecti ve, fi shing contro l at the river mouths during the spawni ng seasons of 

th e Bat·bus species was taken as one attribute and two of the four proposed options have 

been se lected as levels of the "fishing contro l" attribute in this paper. The levels were 

fis hing control every other week during July to September and/or fishing control for the 

three months (from Jul y to September). 

The second attribute identified was lake side plantation at flood plains around the lake and 

at around the ri ver mouths. According to Berhanu et al. (200 I) and Eshete (2003), the 

plantat ion cover a round the lake is being degraded from time to time. Agricultural activities 

around the Lake are ex panded and the wetl and is, thus, being lost. People cut the papyrus 

found at the shores of the Lake for making traditional boats, for fuel , for ceremonial 

purposcs and fo r other huusehold uses. On account of thi s, lake side plantation was taken as 

one of the attributes wi th two level s: p lantation of loca l, environmental friend ly, plants with 

10 meters width and/or 50 meters width from the shores of the Lake. 

The description of attributes and their levels is presented in the following table. 

Table 4. 1 Defi niti on of attributes and their levels 

Attribute Definition Levels 

Fishing This involves prohibition of fi shing _Status quo (No measure) 

Control efforts at the river mouths during the _Moderate: Prohibition of fi shing 
spawl1lng periods of the Bat·bus 

effort s only every other week 
spec ies. 

during Jul y to September at th e 
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river mouths 

_Aggressive: Complete prohibition 

of fi shing efforts at the n ver 

mouths from July to September. 

Lake Side Loca l trees such as 'Dokma', ' Sholla ', _Status quo: No measures will be 

Plantation and 'Chveha' as well as Papynls, Reed taken 

Payment 

for 

Fishing 

Permit 

& Grass famil ies, which are known to 
Moderate: Plantation will be 

be environmental friendly, will be establi shed with 10 meters wide 

planted around the river mouths and 

fl ood plains. Equal proportions of the 

mcntioned plant types will be planted. 

land areas from shores of the Lake. 

_Aggressive: Plantati on will be 

established with 50 meters wide 

land areas from the shores of the 

Lake. 

This is an equal monthly payment that Status quo: No payment 

a ll fis hermen will be required to be 10 Birr 

rcgistered for legal participation In 

fi shing acti vit ies. 
25 Birr 

40 Birr 

4.2-2 Experimental design 

The nex t step in choice experiment design is the experimental design. It concerns on th e 

issuc of how to construct the choice sets efficiently. The attribute levels are combined to 

form the a lt ernati ves and combination of alternati ves could form a choice set. The standard 

and most commonl y used experimental des ign is the so called orthogonal design where th e 
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variations of the attr ibu tes in the alternatives are uncorrelated in all choice sets (Alpizar et 

aI. , 2001). 

As noted by Alpizar et al. (200 I), two steps are invo lved in developing an experimental 

design. The first step is obtaining optimal combinations of attributes and their levels and 

the second step involves combining the alternati ves into choice sets. A full factorial is a 

starting poin t to be used which enables to identify all possible combinations of th e att ribute 

and leve ls. However, when there are many attr ibutes and levels, a fu ll facto ri al design may 

lead to very large combinations which could not be tractable. In such cases, there is a need 

to choose a subset of poss ible combinations to be inc luded in a choice set. 

In th is study we use three attributes: fishing control, lake side plantation, and payment for 

fi shing permit. The two attributes - fi shing control and lake side plantation have two levels 

each while the th ird attribute has three levels. From the two attributes wi th two levels and 

onc attribute with three levels, twelve poss ible combinations could be fo rmed (22
• 3 '= 12). 

From the twelve possible combinations, s ix optimal cho ice sets were created using SAS in 

orthogonal design method using the OPTEX procedure. Thus, a respondent has to complete 

six consecutive cho ice sets with three alternatives (options) - two with different 

combinations of attribute levels and one the status quo . One of the choice sets provided to 

respondents was th e fo llowing: 
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Table 4.2 sample of a choice set 

Attribute Option 1 Option 2 Option 3 

Fishing Contro l July to September Every other week No change 

Lake Side Pl antation 50 meter 50 meter No change 

Payment for F. Permit 10 BilT 10 Birr o Birr 

Choose one, please! I II II I 

4.2-3 Questionnaire development 

The next step in choi ce experiment design is questionnaire development. It invo lves 

preparation of ge nera l questions and choice experiment questions that will be provided to 

the respondents. It has been suggested that respondents have to first be introduced to the 

issue under investigation, with the purpose and objective of the exercises, and how they 

were se lected. To encourage parti c ipation, the importance of the information bei ng 

gath ered has to be ex plained (Bennett and Blamey, 200 I) . These issues were explained in 

the first page orthe questionnaire and read to the respondents. 

The questionnaire in thi s paper was classified in to three P31ts. First, questions to get the 

general informat ion about the Lake and its resources were provided for the respondents. 

The questions focus on investigating fi shermen's attitude and their observations with regard 

to the Lake and its resources. 

The second part of the questionnaire consists of the choice ex periment questions. Six 

choi ce sets, with three options (alternatives) each - two options with different level 
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combinati ons and the third status quo option were provided to the respondents. A 

respondent has to complete the six consecutive choice sets. 

An important issue in questionnaire development is task complexity. It is determined by 

factors such as number of choice sets provided, number of altematives in each cho ice set, 

and numbcr of attributes in the alternative. Task complexity is said to affect choice 

dec ision. Alpi zar el al. (200 I) explained that when more than 4 to 5 att ributes are included 

in a choice scI, a severe detriment to the quality of the data wi ll result due to task 

complex ilY. Respondents may give answers carelessly or may use some simplifi ed 

lexicographic decision rule in case when they face task complexity. 

As to Bennett and Blamey (200 1), there is trade-off between the cogniti ve ability of th e 

respondents and the number of variations in the attribute levels that is required to support 

an empiri ca l model of th e impact of attributes on choi ces made. 

Like other va luation methods such as CYM, scenario description IS needed for the 

application of choice experiment. A scenario description was prepared to the respondents 

before goi ng to the choice experiment exercises. The description was about the general 

features of the Lake Tana fi shery and its watershed, about the att ributes and thei r leve ls, 

and about the payment vehicle. In addition to thi s, pictures that could explain the attribute 

levels in an option/alternative were prepared. Then the choice sets are presented to them 

and they were showed pictures wh ich could elaborate the alternatives in a given choice set. 

Prepa ring visual aids has a crucial role in demonstrating differences in attribute levels and 

between alt ern at ives (Bennett and Blamey, 200 I). 

After the choi ce ex periment questions, a follow up question was presented to the 

respondents. It was des igned to know how the respondents were acting in making th eir 
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choices. A fo ll ow up question has to come immediately after the choice experiment 

questions accord ing to Bennett and Blamey (200 I). Follow up questions should be targeted 

at picking up an y response aberrations such as: 

o Payment vehi cle protests where for example, a respondent may always choose the 

status quo option because of an objection to the payment. 

o Lexicographic preferences where a respondent may choose the alternat ive with 

hi ghest leve l of one attribute or always appear to choose on the basis of a single 

characteri sti c of the task. 

o Perfect embcdding where a respondent may agree to pay in order to experience the 

'warm glow' of supporting a good cause rather than a refl ection of his/her genuine 

preferences. 

The last section in the questionnaire was questions on socioeconomic characteri stics. 

Qucstions seek ing soc ioeconomic data (age, martial status, level of education, family size, 

month ly household income, and monthly household expenditure) were presented to the 

respondents. 

4.2-4 Sampling 

The sample respondents were taken from the fi shermen who are participating in fi shing 

activiti es in Lake Tana. It was intended to take all the fishermen who are members of 

number one fi shermen association in Bahir Dar. The members of this association came 

from different distri cts in two zones - West Gojam and South Gondar. From the 116 

fishermen , 105 were in terviewed. 17 respondents were taken from Gorgora fi shermen 

association. In add ition to these, fi shermen who are not members of any association were 
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interviewed at Enfranz and at Bahir Dar towns. Accordingly, a total of 44 non- member 

fis hermen were taken at these towns. Thus a total of 166 fi shermen were included in the 

sample. 

Except the 105 fi shermen taken from number one fi shermen association, it could be sa id 

that the fi sherm en were selected randomly. The fi shermen at Enfranz were intervicwed 

when they go the town to sell the ir catch while those at Bahir Dar and Gogora were 

interviewed when they landed their catch. 
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CHAPTER FIVE 

5. ESTIMATION AND DATA ANALYSIS 

5.1 Definition of Variables 

The defi niti on of attribute and socioeconomic variables used in the model estimation is 

presented in the foll owing table. 

Table 5. 1 Defin ition of variables 

Variab le Definition 

asc 4 Alternative specific constant 

= 1 for the alternatives with changes in the attributes and 0 for 

the status quo. 

fi shcr! Fishing control at ri ver mouths 

= I for fishing control every other week during July to 

September and 2 for fi shing control from Jul y to September. 

Ispltn Lake side plantation at the flood plains and river mouths with 

10 meters or 50 meters width from the lake shores and these 

va lues are coded directly. 

payfp Payment for fi shing permit. It is a payment that the fi shermen 

will be required in order to participate in fishi ng activities. 

, According 10 Bennett and Blamey (200 1), modeling constants known as 'a lternative specifi c 
consta nt ' (ASC) have to be included in the data. If there are three alternatives in the cho ice set, two 
of the alternatives have to be associated with an ASC, and a new ' attribute' has to be created for 
two of the al ternatives. Thus, ASC has to take the value of I for the two alternatives of change in 
attr ibutes and 0 for the status quo alternative. The role of ASC is to explain the variat ions in choices 
that cannot be explained by the attributes and socioeconomic characteristics. 
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age 

durtn 

fa msize 

martal st 

yredu 

mOl1 l l1C 

monex p 

The values are 10 birr, 25 birr, and 40 bi rr for changed 

al ternatives 

Age of the respondents in years 

Years spent by the respondent in fi shing 

Famil y size of the respondent 

Martial status of the respondent 

= I for those who are marri ed and 0 for divorced and single 

respondents. 

Respondent's year of education 

Month ly household income 

Monthly household ex penditure 

5.2 Descriptive Statistics 

The data co ll ected was first coded and entered in spread sheet (excel format). The data from 

th e choice experiment were coded according to the levels of the attributes. The sta tus quo 

levels were coded as 0 for each of the attributes. For the attribute - fi shing control , the 

moderate level (control every other week durin g July to September) was coded as I whil e 

th e aggress ive leve l (fishing control from Jul y to September) was coded as 2. For the 

attributes - lake side plantation and payment for fi shing pennit, their va lues are entered 

d irectl y. 

From the descript ive statisti cs, the minimum year of experi ence in fi shing activity is I yea r 

and the max imum is 41 years. More than 80% of the respondents have 18 years of 
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experi cnce. Thc sample in this study includes those who have started fishing since 1968 

and 50% ofthcm have started fi shing before 1998. 

The responscs show that 85% of the fishermen have a job in addition to fishing. Most of 

them participatcd in farming and cattle raring activities in addition to fishing. On average, a 

fishc rm an gocs to fishing for 2 days per week and spends about 7 hours per day on avcrage. 

The minimum amount of catch per day is 8 ki lograms and the maximum amount is 70 

kil ograms. The average catch is 31 kilograms per day. All the fishermen surveyed have said 

that their catch incorporates 3 of the species: Tilapia, Barbus, and Catfish. Only half of the 

fishermen reported that they sometimes caught beso species. The most preferred species 

that fishermen prefer to exert more catching effort on is Tilapia followed by Catfish. The 

Barbus spec ies takes the third place in prefcrences. More than 90% of the fishermen said 

morc Barbus could be caught during July to September. In addition, about 86% of the 

respondents indicated that the appropriate place to get more Barbus catch is the river 

mouths. Most of the fi shermen know the reason why they could get more Bat·bus catch 

during thc rainy scason. 86% of them have explained that the rainy season is the breeding 

season when the mature Bat·bus migrate to the river mouths for spawning. 

About 94% ofthc fishermen agreed that degradation of the lake side plantation is a problem 

and most of them claimcd that the fanners are responsible for such dcgradation. As wcll, 

99% of the fi sherm cn have observed that the Barbus specics has bcen declining from time 

to time. Most of the fi shennen perceived that high fi shing cfforts during thc spa wiling 

period of the Barbus species is one of the causes for the decline in the stock. 

The fishermen have suggestcd that there should be fi shing control during the spawning 

periods of the fi sh; use of poisonous matcrial s (,birbra') has to be stopped; and the gillnet 
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mesh size has to be regulated in order to solve the fi sh stock decline of the Lake. 98% of 

the fi shermen have indicated that they could agree if fi shing control during the spawning 

periods is introduced. As well , all of the respondents indicated their agreement if lake side 

plantation could be taken as a measure in solving the degradation problems around the lake. 

More than 86% of the fi shermen agreed to contribute for the implementation of the two 

measures proposed. 

Table 5.2 Descripti ve statistics of attributes and socioeconomic variables 

Variable Mean Std. Dev. Min Max 

Fisher! .8 166332 0 2 

Lspltn 20 21.60608 0 50 

PayfjJ 16.66667 15.45862 0 40 

Yrstart 1998 0241 7.7775 1968 2008 

Durtn 10.90361 7.714704 41 

Kiloday 30.524 1 12.00387 8 70 

Incwek 220.1506 102.0631 35 500 

Age 38.8012 11.72991 18 68 

Martalst 0.89759 0.303234 0 

Yredu 3.518072 2.543365 0 10 

Famsize 4.939759 2.005446 1 10 

Moninc 12 17.892 355.2038 400 2300 

Monexp 987. 1084 264.2641 350 1800 

* The number of observations is 2988 for 166 respondents with 6 choice sets and counting 

the 3 options. 
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The age of respondents was between 18 and 68 years while the average age was 39 years. 

90% of the respondents were married. About 3 I % of the fi shermen are above grade five 

whil e almost 20% of them are uneducated. The average family size is fi ve, the min imum 

being one and the maximum ten. The average month ly income is 1218 birr and the average 

monthly income from fi sh sale is about 800 birr. Moreover, the average month ly income 

and average monthl y expenditure are not much different - the average monthl y expenditure 

is about 990 birr. 

Analysis of results from follow up questions 

About 82% of the respondents have answered the fo llow up questions presented after the 

choice experiment exercises. From those respondents, more than 60% repli ed that they have 

made th eir choice in such way that the aggressive options could be achieved. About 32% of 

th em have made their choices with the cheapest payments. The rest have rep li ed that 

though the proposed measures are appropriate, they did not have the ability to pay. The 

resu lts are presen ted in the following table. 

Table 5.3 Results from the fo llow up questions 

Follow up questions 

I. Just I want th e aggress ive options to be implemented 

2. I exclus ively chose the cheapest alternative whatever 

3. The proposed measures were good but I didn't have tbe ability 

to pay and thus chose the status quo 

% of response 

62.50 

32.35 

5.15 

4. I thought the fishermen did not have to pay and thus chose the status quo 
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5. I found the Fish ing Control attribute as a preferred measure and thus 

madc choices in accordance to its implementation 

6. [ fo und the Lake Side Plantation attribute as preferred measure and thus 

made choices in accordance to its implementation 

5.3 The Deterministic Utility Model specification 

Two di ffercnt models were specifi ed for the analysis of the choice ex periment. The first 

model was a bas ic model that could show the importance of the attributes in expla in ing 

respondents' choices across three di fferent options in a choice set: a status quo and two 

a lternat ives with changes in attributes. The second model is an extended model whi ch 

incl udes thc socioeconomic characteristics interacting with the alternati ve specific constant 

CASC). Thc soc ioeconomic variables age, family size, year of education, and monthly 
. I," ~ 
, '. 

household income were interacted with the ASC. 

The basic model 

The cho icc cx periment model ing was specified with the assumption that the observab le 

utility functi on would follow a strictl y additi ve form . The model was specificd in such a 

way that thc probability of select ing a particular alternative was a function of attributes of 

that scenari o and of the alternative specific constant. 

The indi rect utility from the proposed environmental improvement would takc the 

fo ll owing form: 
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fI; = fJ + fJpol1jJ * payfp + fJjishcrl * fisherl + fJlspllll * lspltn ----------------- ( 10) 

V, is the indirect utility for three altematives ; f3 refers to the alternative specifi c constant 

and f3 pay/p ,f3 1"1,,,1 ' and f3 "1"'" are the coefficients associated with thc att ributes 

paymcnt for fis hing permit, fi shing control, and lake side plantation respectively. More 

spccifi ca ll y 

~ = ASCI + fJPO)1jJ * payfp + fJjishcrf * fisherl + fJlspllll * lspltn 

V2 = ASC2 + fJPO)1jJ * payfp + fJjishcrf * fisherl + fJlspllll * lspltn 

v} = P I)(IJ/i) * payfp + P jishCrf * fisherl + P ISPIIIl * lspltn -------------- ( II ) 

VI and V 2 rep resents the indirect utilities derived from environmental improvements in the 

lakc i.e. scenari os with options 1 and 2. V3 represents the indi rect utility in the status quo 

opt ion . It has to be recognized that it is difficult to make any interpretation of the 

coeffici ents. This is because the coefficients are confounded by a sca le parameter i.e. they 

are dependent on the variance of the error involved in the estimation process. But it is 

possible to compare the sign and difference in magnitudes of the coefficients (Bennett and 

Blamey, 200 I). Mo reover, ASCI and ASC2 are considered to be equivalentS 

The extended mod el 

In the basic model, homogeneity of preferences of individuals was assumed . However, 

preferences might in fac t be heterogeneous. Thus, to have unbiased estimates of individua l 

preferences , we need to account for such heterogeneity (Birol et a I. , 2005). 

5 When Ihe a lternatives in choice sets are presented in generic form, ASCs could be considered as 
equivalent (Bennen and Blamey, 2001; Carlsson et aI. , 2003). 
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One way of accounting for preference heterogeneity is using socioeconomic characteri stics 

of respondents as interaction terms. Interaction of the socioeconomic characteri sti cs wi th 

the alternative spec ific constant is the most commonly used solution to deal with the 

heterogeneity problem as well as possible violation of the IIA assumption (Bennett and 

Blamey, 200 I, Birol et a I. , 2005, Alpizar et aI. , 200 I). 

However, due to a poss ible multicollinearity problem, all the possible interactions between 

th e socioeconomic characteristics and the attributes should not be included (B irol et a I. , 

2005). Moreovcr, it has to be recognized that th e socioeconomic variables could not be 

introduced alonc into the model. Since the respondent characteristics do not vary across 

alternatives, Hess ian s ingulari ties could arise (Bennett and Blamey, 200 I). 

In thi s paper, thc socioeconomic variables age, fami ly size, year of education, and monthl y 

household income are interacted with the ASC term. The indirect utility function in thi s 

casc takes the followin g form. 

v; = ASC + ftfX()/i) * payfjJ+ ftjiShcri * fisher! + A SP/In *lspltn+ }'J (ASC * age) 

+ ~(ASC*famsize)+ Jj (ASC* yredu) + r4 (ASC* monine) ---- (12) 

where i= I, 2, 3 fo r the three scenario options; ASC=O for the status quo and I for options I 

and 2. 

Having th ese add iti ve forms of the indirect utility specification, the multinomial logit and 

random parameter logit model s cou ld be estimated using equations (4) and (6). 
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5.4 Estimation and Discussion of Results 

From 996 observat ions elicited from 166 respondents (each respondent was provided with 6 

choi ce sets), the multinomial logit model with linear specifications in attributes was 

estimated us ing L1MDEP 8.0 NLOGIT 3.0 for the basic and extended models. In addition 

to thi s, the random parameter logit model was estimated to address unobserved preference 

heterogeneity and poss ible violation of the ITA assumption . The estimates of the 

multinomiallogit model are presented in the following tabl es. 

Table 5 . 4 Results of the multinomial logit mode l (basic 

model) 

Variable Coefficient Standard error 

ASC 1.96066 0 . 21328 0 . 0000 

PAYFP -0 . 53247E-01 0.53056E-02 0.0000 *** 

FISHel{ 0 . 78353 0.98611E-01 0.0000 *** 

LSPLTN 0 . 28104E-01 0.44264E-02 0.0000 *** 

Log-likelihood -837 .4248 

R-sqrd 0 . 07784 

Number of observation 996 

*** signifi cant at I % leve l 

o The number of observations in thi s case is 996 for 166 respondents with 6 choice 
sets 

All the coeffi cients are signifi cant at the I % level and the signs of attributes except the 

fi shing control are as expected . The sign of fish ing control may be expected to be negati ve, 

s ince fi shing contro l affects income of the fishermen. However, it was observed at the time 

of in terview that respondents are more concerned for fi shing control. They have explained 
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that unlcss fishing contro l is exercised in the three months (the spawning periods), desirable 

results could not be achi eved for solving the Barbus fish stock decline. If this is considered 

the s ign of thi s attributc is as expected . It suggests that perhaps the fi shermen want to have 

a more susta inable environment instead of max imizing their income in the very short run. 

The two attri butcs - fi shing control and lake side plantation have positive signs impl ying 

that th e probability of choosing an alternative scenario with changes in attribute 

improvements will increase as the levels of these attributes increase6
, ceteris pa ribus. The 

sign of the payment coefficient indicates that the effect on utility of choos ing a cho ice set 

with a hi gher payment is negative. In other words, scenario improvements with 'cheaper' 

a ltcrnatives are preferred to 'expensive' alternatives. Moreover, all the attributes are 

s ignificant determinants in the choice of the Lake's resource improvement. That is, ceteri s 

paribus, any single attribute increases the probability of choos ing a scenario of 

envi ronmental im provement. 

The coefficient magnitude of fishing control attribute is greater than that of the lake side 

plantation which indicates that the fishermen give relatively greater emphasis to fishing 

control than lake s ide plantation. As could be expected, the fishermen are more concerned 

about thc Lake 's fi sh stock sustainability and thus attach greater value to fishing control. As 

mcntioncd earli er, fishermen have suggested that fishing control during the spawnin g 

periods should be one of the measures to solve the problem of Barb us species stock decline. 

6 The probability of choosing an alternative increases as the levels of desi rable attributes in that 
alternative rise or the leve ls of undesirable attributes fa ll relative to the levels of the attributes in 
other alternatives (Bennett and Blamey, 200 I). 
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Table 5.5 Results of Multinomial logit (extended model) 

Variable Coefficient Standard Error P [ I Z I >z] 

ASC -1. 649 9 9 0. 78381 0 . 0353 

PAYFP -0.538 58E-01 0.53338E-02 0.0000 *** 

FISHCR 0.79453 0.99223E-01 0 . 0000 *** 

LSPLTN 0 . 28683E-01 0 . 44527E-02 0.0000 *** 

AGE 0.305 8 9E-0 1 0 . 218 07E-01 0 . 1607 

MONINC 0.31122E-02 0.65357E-03 0.0000 *** 

FAMSIZ -0.31117 0.12256 0 . 0111 ** 

YREDU 0.19 483 0.73677E-01 0.0082 *** 

Log-likelihood -837.4248 

R-sqrd 0.10200 

Number of observations 996 

... significant at I % level; ** significant at 5% level 

Wc do not fi nd differe nces between the bas ic model and the extended model with regard to 

the attri butes in thcir sign and magnitudes. The coeffici ents of interactions of ASC with 

monthl y income and year of education are significant at I % level, while the interacti on 

betwcen ASC and famil y size is significant at 5% level. Thus, these socioeconomic 

characteristi cs are significant determinants in the choice of alternative scenari o of 

improvements. As could be expected, the coeffi cient of fami ly size is negati ve implying 

that as the famil y size increases the probability of choos ing an alternative scenario wi th 

changes in the lake environment decreases, ceteri s paribus. On the other hand, as years of 

educat ion increases, the probability of choosing improved scenario options increases, 
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ceteris paribus. A similar argument holds for monthly household income. Age is not a 

s ignifi cant fa ctor in affecting the probability of choosing an alternative. 

The overall exp lanatory power of a model could be assessed using the McFadden 's 

(pseudo) R2 (Birol et aI. , 2005). However, in both models, the reported pseudo R2 statistic is 

small compared to the standard. Pseudo R2 stat isti c val ues between 0.2 and 0.4 are said to 

be adequate (Birol et aI. , 2005 ; Bennett and Blamey, 200 I). But, the ex tended model has 

relative ly better ex planatory power than the basic model. 

Hausman 's test was used to test whether the I1A assumption holds in the multinomial logit 

model we estimated. According to Alpizar et al. (200 I ), there are two problems with the 

MNL specifi cation: (i) the alternati ves are independent and (ii) there is a limi ta ti on in 

mode li ng vari ati on in taste among respondents. As to Alpizar et aI. , the first problem ari ses 

because of the lID ass umption (constant variance), which in turn could result in the 

independence of irrelevant alternati ves (IlA) propcrty. The IIA property states that th e rati o 

o f choice probabilities between two alternati ves in a choice set is unaffected by other 

alt ern ati ve changes in that choice set. Acco rdingl y, the MNL should not be used if thi s 

assumption is violated. The result of thi s test is reported in table 5.6 

The second problem arises due to observed and/or unobserved heterogeneity i.e. when there 

is taste vari ati on among respondents. Observed heterogeneity can be incorporated into the 

model by allowing for interaction between socioeconomic characteri stics and attributes o f 

the a lternati ves or a ltern ative specific constant terms (Alpizar et aI. , 200 I). 

The random parameter logit model can be used as an alternative method of estimati on in 

order to acco unt for preference heterogeneity. Birol et al. (2005) suggested that though the 

interacti on of socioeconomic characteristics w ith the ASC or with d ifferent attri butes could 
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help to recogn ize conditional heterogeneity, it could not detect unobserved heterogeneity. 

Unobse rved heterogenei ty in preferences across respondents can be accounted for by using 

a random para meter logit model, which does not require the IIA assumption. The resul ts of 

the random parameter logit model are reported in table 5.7 

Table 5 . 6 Hausman test for IIA 

Variable Coefficient Standard Error 

PAYFP 0 . 29817 E-01 0 . 12428E-01 

FISHCRL 1.1323 8 0.23558 

LSPLTN 0.25395E-02 0.68587E-02 

*ChiSqrd [3] = 73.3064, Pr (C>c ) = .000000 

PAYFP -0 . 45755E-01 0 . 14857E-01 

FISHCRL 2.11778 0.29888 

LSPLTN -0 .6348E-02 O. 11212E- 01 

**ChiSqrd [3] = 36 . 7018, Pr (C>c) = .000000 

*when the excluded choice is option 1 

**when the e xcluded choice is option 2 

0.0164 

0 . 0000 

0.7112 

0 . 0021 

0 . 0000 

0 . 5713 

As show n in table 5.6, the null hypothesis about the JIA assumption could not be rejected at 

99% confidence in terval. That is the JIA assumption is not violated and thus the 

mu lt inomial model could be used. 
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Table 5 . 7 Results of the random parameter logit model 

Variable 

ASC 

PAYFP 

FISHCR 

LSPLTN 

Coefficient 

1 . 96061 

-0 . 53249E-Ol 

0 . 78370 

0 .28089E - Ol 

Log likelihood f unction 

Chi squared (5) 

Prob [ChiSqd > value] 

R-sqrd 

Number of observations 

Standard Error 

0.21335 

0.53066E-02 

0.98626E-01 

0.44302E-02 

-772.2324 

643.9708 

0 . 00000 

0.29426 

996 

0 . 0000 *** 

0.0000 *** 

0.0000 *** 

As exp lained earli er, the random parameter logit model ean address the problem of 

violati on of the IJ A assumption. Though there is no violation of the IIA assumption, the 

random parameter logit model is estimated in order to account for unobservab le preference 

heterogeneity across respondents. 

No difference is exhibited in magnitude and sign of the coeffic ients of the attributes. All 

attributes are signi fica nt as in the multinomial logit model. However, as compared to the 

prev ious models, the ex planatory power of the random parameter logit model is better. The 

pseudo R' in th is case is 0.29 which could be considered adequate . 
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5.5 Marginal Willingness to Pay 

T he parameters est imated in a MNL or parametric logi t model can be used to estimate the 

ra te at whi ch respondents are willing to trade·off one attribute for the other. When th e 

atlribut e be in g sacrificed is a monetary one, the trade-off estimated is know n as ' part 

wo rth ' or ' impli cit price ' or marginal wi llingness to pay for the attribute in qu estion 

(Bennett and Blamey et aI. , 2001) . It implies the amount of money respondents are willing 

to pay fo r an improvement in the environmental attribute. 

Marg inal willi ngness to pay has a s ignificant role or impli cation for policy. Comparison of 

th e implic it pri ces of different attributes provides some understanding of the relat ive 

importance of attribu tes . Poli cy makers, lhus, w ill be better placed to des ign resource usc 

a lternati ves. Attr ibutes with relat ively high er imp licit prices will be favored. Margina l 

willingness to pay fo r the two attributes is estimated us ing equation (8) 7 

Us ing the coe ffi cients of the attribu tes from the results of the random parameter logit model 

(wh ich has a better goodness of fit) , the follow ing val ues of MWTP was found for the 

attr ibutes - fi shing contro l and lake side plantation. 

Table 5.8 Marginal willingness t o pay f or the attributes 

At tribute Coefficient Standard Error p [ I z l >z] 

Fish control 14.7176 1.7464 0 . 0000 

L .s ide plantation 0 .5 275 0.5629E-01 0 . 0000 

7 Since the coeffic ients are confo unded by the scale parameter, they are dependent on the va ri ance 
of the error involved in the estimation process. The extent of the vari ance of the statislical error, 
thus, will have an impact on the absolute magnitude of the coefficients. Therefore, it is on ly through 
the di vis ion of the coe ffi cients that wi ll cancel the scale parameter (and eliminate the confounding 
effect of the error va ri ance) (Bennett and Blamey, 200 I) 
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Oth er things he ld constant, respondents are willing to pay about 15 birr per month fo r an 

increase in tile level of fis hing control. That is fi shem1en are willing to pay this amoun t fo r 

a change in fi shing control from the status quo level. As well , the fi shermen are willing to 

pay about 50 cents per month for an increase in the level of lake side plantation from the 

status qu o level, ceteris paribus. 

As ex pla ined before, fi shermen consider fi shing control more than lake side plantati on as a 

desirab le measure in alleviating Barbus species stock decl ine and hence attached greater 

va lue to this attribute. It has to be recogni zed that fis hing control is intended to be exercised 

during the spawning peri ods of the Barbus species (Jul y to September) at the ri ver mouths. 

Since fis hing will not be controlled at other parts of the lake, income of the fi shermen 

might not be affec ted severely. Thus, the fi shermen might have given greater value to 

fi shing control ex pecting future fis h stock enhancement. As noted earlier, fis hermen 

cla imed that the farmers are responsible for the lake side degradati on. Perhaps, thi s could 

be one explanation for their low level of willingness to pay fo r lake side plantat ion i.e. they 

might expect the farmers to pay for the improvement of this attri bute. 

More over, note th at the models were estimated by di saggregating the data in to two: for 

th ose who are members of number one fi shermen association and for th e rest of 

respondent s. Based on these estimations, fi shing control was insignificant for respondents 

who arc not members of the association whil e it was positi ve and significant (at I % level) 

fo r th ose who arc members. The marginal willingness to pay for thi s att ribute becomes 

even higher fo r fi sherm en who are members of the association. The most likely explanation 

for thi s could , perhaps, be the different situations for fi shing activ iti es of these respondents. 

Those fi shermen who arc members are operating with motorized boats and hence ex tend 
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th eir catch to distant river mouths and thus, might know that their fi shing pressure at these 

sitcs could influencc the breeding process of the Barbus species. Recogni zing the Barbus 

stock dccline situation as such, they are willing to pay for fi shing control expecting future 

stock cnhancemcnts. But, those fi shermen who are not members of number one fi shcrmen 

assoc iat ion mostl y usc the traditi onal boats and could only fi sh around the shores of thc 

lake and hence, might not recognize the Barbus stock dec line situation. 

5.6 Estimation of Welfare Measures 

Anothcr main purpose of a choi ce experiment is its ability to generate estimates of the 

va lues of di ffe rent alternati ve scenarios from one application (Bennet and Blamcy, 200 I; 

Alpi za r et a I. , 200 1). That is from one set of the choice data; the values of different 

alternati ve sccnarios can be estimated. 

Economic wel fare measurement involves an investigati on of the difference between the 

utili ti es of the indi vidual that could be achi eved under the status quo and changed scenari o 

altcrnativcs. Welfa rc measures can be estimated using the parameter esti mates and val ues 

(Icve ls) of the attr ibutes . First, the values of the attributes in the status quo alte rnati vc are 

substituted into thc indirect utility function. Next, the va lues of the attributes in changed 

situati on of scenarios are substituted into the indirect utility equation. The va lue of the 

a lternat ive with a changed situation is, then, subtracted from the value in the status quo 

a lternat ive and then divided by the coeffici ent of the monetary attribute (Bennett and 

Blamey, 200 I). 

In thi s paper, two alternative scenarios are proposed for the improvements in attributes -

the moderatc and aggress ive scenarios . In the moderate improvement scenario, fi shing will 
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be controll ed every other week during July to September and the lake side wi ll be planted 

with 10 meters width fro m the shores of the lake. In the aggressive scenario, fi shing will be 

controll ed from Jul y to September and the lake side will be planted with 50 meters width 

from the shores of the lake. Using equation (9), the foll owing results cou ld be obtained. 

Table 5.9 Estimates of economic surplus 

Alternative improvement scenario 

Moderate scenario 

Aggressive scenario 

WTP for the scenario 

57 birr 

93 birr 

This measure ind ica tes the amount that respondents are willing to pay in order to 

cxperi ence an improvement in their utility (which results from the status quo to the changed 

alternati ve sccnarios). As such, the respondents are willing to pay 57 birr to have a 

moderate improvement in the attributes from the status quo and 93 birr to ha ve an 

aggressive improvcment from the status quo. A large difference in magnitude for the two 

sccnarios is due to difference in levels of the attributes. The level of fi shing control in the 

aggressive sccnario improvement is taken to be twice the moderate one. The leve l of lake 

side plantation in th e aggress ive scenario improvement is five times larger than the 

modcrate. 
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CHAPTER SIX 

6. CONCLUSION AND RECOMMENDATION 

6.1 Conclusion 

Lake Tana is the largest la ke in the country that can contribute about 50% of the fi shery 

rcsource. The lake is said to have a great potential in its fi shery resource. It is estimated that 

on average fifteen thousand metric tons of fi sh could be caught annuall y. 

However, the Bal'bus species stock is declining from time to time suggesting that there 

must be regul ations of fi shing activiti es in the lake. Fishing practices during th e spawning 

seasons and spawning places of this species are the major problems for the stock decline of 

thi s species. Morcover, plantation cover around the lake has been declining at alarming rate 

(cspec ial ly in the Northern and Eastern parts of the lake). Agricultural acti viti es are 

ex panded rapidly around the ~hores of the lake in th ese areas. 

Stu dies havc becn undertaken with regard to the biologica l aspects of the lake. The fi sh 

spec ies compos iti on, evo lutions of the lake and its fi sh, and exploi tation status of the lake 

have been studied prev iously by different researchers. But, the socioeconomic aspects of 

the lake, espec iall y va luation of the lake and its fi shery resource have not been undertaken 

to the best know ledge of the researcher. [f information is required for better understanding 

and poli cy makin g in the utili zation of the lake 's resource, valuation has to be undertaken. 

[n thi s paper, the method of choice experimen t was applied to value the Lake Tana fi shery 

and watershed resources. Two environmental attributes - fi shing control and lake side 

plantation were identifi ed from th e literature. [n add ition, a monetary attribute - payment 

fo r fishing permit was included in the choice experiment. 
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Multinomial and random parameter logit models were used for estimation. Margina l 

willi ngness to pay for the attributes was estimated. The results indicated that fi shing control 

was hi ghl y valued as compared to lake side plantation. Ceteris paribus, respondents were 

willing to pay 15 birr per month for fis hing control wh ile they are willing to pay on ly 50 

cen ts per month for lake side plantation . Furthermore, the socioeconomic variables age, 

month ly househo ld income, fam il y size, and years of education were included in the 

modcli ng. We find that monthly household income, years of education, and fam ily size 

were sign ifi cant determinants in affecting respondents' uti lity from changed situations in 

attr ibutes. Monthl y household income and years of education have positive impact while 

fami ly size has negati ve impact on the probabi lity of choosing an alternative scenari o with 

improvements in att ributes. 

Respondents ha ve suggested that in order to alleviate the problem of decline in the fi sh 

stock, at least three measures have to be taken soon. These are: use of poisonous materia ls 

(like ' birbra') has to bc prohibited; the gillnet mesh size has to be regulated i.e. use of small 

size mesh has to be protected; and fishing contro l during the breeding season (and at 

breed ing areas) has to be exerc ised. 

6.2 Policy Recommendations 

Lake Tana could contribute a lot in the food self-sufficiency program and in creat ing job 

oppo rtuniti es had th e resource been properly used and regulated. For sustainable utilization 

of th e fi shery resource, sound management system should be implemented. 

Eth iopia's fis heri es legislation has been approved and various activities were planned to 

d isseminate the wea lth of knowledge on Lake Tana 's fisher ies (de Graaf, 2003). However, 
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pronounced measures have not been taken till now on the management of the lake's fi shery. 

It is necessary to have communication and cooperation with the fis hermen in implementing 

thc leg islat ions and so lving the problems. 

The situat ion of the unique Barbus species is the most criti ca l of the three most known 

spec ics that are caught by th e fishermen. To alleviate the threat of decl ine of the stock 

(evcn ex tinction) of Lake Tana's endemic Barbus species, protective measures have to be 

taken immedi ate ly. Effo rt control and regu lation that could limit the gillnet fis hery in 

spawning seasons and/or areas around the river mouths will prevent the poss ibility ofa total 

di sa ppea rance of th e Barbus spec ies. 

The results of thi s stud y suggest that fi shermen are willing to pay for the improvements in 

the Lake Fi shery and wa tershed management. They attached significant positi ve va lues for 

the fi shing contro l attr ibute. This implies that fishing control could be easil y exercised. 

Moreover, there is an opportunity to partic ipate extension service agents and ' kebele' 

adm ini strat ive sta ff, where necessary, in implementing th is measure for sustainable 

utili zatio n of thc resource. As such, dec isive policy measures could be designed and 

implemented for so lving the prob lems. 
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Appendix I: Questionnaire 

Addis Ababa University 

Department of Economics 

A Choice Experiment Survey Questionnaire for Valuation of Lake Tana 

Watershed and Fishery Management 

Name of Interviewer ________ _ 

Date _ ____ _ ____ _____ _ 

Code of Respondent _ _ ____ _ _ _ _ 

Interview Started at _________ _ 

Interview Ended at _________ _ 

Good Morn ing/Afternoon! Thank You in advance for giving time for the interview. I am 

______ _____ , an interviewer for this survey des igned by Fitalew A. who 

is studying at Add is Ababa Uni versity. Currently, he is conducting a survey whi ch foc uses 

on va luation of Lake Tana watershed and fi shery management. The research is designed in 

partial ful fi llment for the MSc. award in Economics. You are requested to give information 

on your perception and observati on in the fi shery activiti es and to indicate your preferred 

cho ice for the opt ions that will be provided. The information you provide could help to 

have a common understandi ng about the problems in utilization of the Lake and its fi shery 

reso urce. More over, it will enable to design an appropriate policy for the sustainable 

utilization of th e Lake and its resources . Whatever information you provide will be kept 

str ictl y confidenti al. 
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Questionnaire 

Part I: - Questionnaire for General Information 

Q l. When did yo u start fishing? ____ E.c. How long did you stay in this 

activity? years 

Q2. Have you additional occupations out of fishing? ___ _ 

1. Yes 2. No 

Q3. If yo u have additional occupation(s), which of the followin g is/are? ____ _ 

1. Farming 3. Trading 

2. Ca ttle raring 4. Government employee 

5. Others (Specify) ___ _________________ _ 

Q4. How many days per week are you going to fishing on average? ___ days How 

many hours do you spend per day on average? ____ hrs 

Q5. How much of !ish could you catch per day, on average? 

In kilograms _____ _ In number _____ _ 

Q6. What types of fish are you catching'? More than one choice is possible. ___ _ 

1. Tilapia (' Kereso') 3. Catfish ('Ambaza') 

2. Bat'bus ('Nech assa') 4. ' Besso' 

5. Others (Mention them) __________________ _ 

Q7. What type of !ish species did you prefer to fish more? Please order! 

1. Tilapia (' Kereso') 

2. Barbus ('Nech ass a') 

3. Ca tfish ('Ambaza') 

4. ' Besso' 

5. Others 
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Q8. What is the reason(s) for your order of preference? ____ _ 

1. Higher demand from the consumers 

2. Easy abundance 

3. Other reasons (specify) ________________ _ 

Q9. What kind of fish species could you catch ~ in your efforts? _ __ _ 

1. Tilapia ('Kereso') 

2. Barbus ('Nech assa') 

3. Ca tfish (' Ambaza') 

4. ' Besso ' 

5. Others (specify) 

Q I O. At what parts of the Lake or areas could you have more catches? Choose one! 

I. Around/At the river mouths 

2. At the Lake shores 

3. In the open water 

QII. In what seasons could yo u have chances of getting more fish? ____ _ 

1. From July to September 

2. From October to December 

3. From January to March 

4. From April to June 

Q12. In what seasons could you have chances of getting more Barbus ('Necl! assa ' )? 

1. From July to September 

2. From October to December 

3. From January to March 
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4. From April to June 

Q13. At what places could you get the largest catch of the Barbus ('Nech assa') during 

the chosen season? - ---

1. Around/At the river mouths 

2. At the Lake shores 

3. At the open water 

Q14. Did you know the reason(s) why you could fish more Barbus ('Nech assa') 

during those seasons and places you choose? ____ _ 

1. The Season is the spawning period for Barbus 

2. The places are spawning grounds for Barbus 

3. I don't know the reason 

4. Other reasons (Mention) ________________ _ 

Q 15. How much could you earn from sale of caught fish on average? 

Per week _____ Birr 

Q 16. What factors do you think affect the Lake's biodiversity and its fishery 

reSQu rce '? -----

I. Silt and sediment deposits 

2. Water nooding to the Lake 

3. Over fishing of endemic fish species 

4. Waste matters 

5. Other factors (mention) ______ ___ _________ _ 

Q 17. It ahs been indicated by researchers that the Lake side plantations and wetland 

cover ha ve been degraded. Do you agree with them? _____ _ 

I. Yes 2. No 
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Q18. If you answered 'Yes' for question 17, whom do you think are the major agents 

that create the problems? _____ _ 

I. Fishermen 

2. Farmers 

3. Both Fishermen and Farmers 

4. Other people 

Q19. In addition to the degradation problem, the stock of the Lake's endemic Iish 

species (particularly the Barbus species) is said to decline from time to time. Do 

you agree with? _____ _ 

1. Yes 2. No 

Q20. If you answered "Yes" for Q19, what do you think the major factors for the 

stock decline of this species are? _____ _ 

1. Water flooding and hence deposition of silt and sediment 

2. Over fishing of the said species 

3. Deforestation of the watershed plantation 

4. All of th em are the factors 

5. Other factors (specify) ___________ _________ _ 

Q21. In general, what do you perceive about the sitnation of the Lake side vegetation 

cover? _____ _ 

l. No change is observed 

2. Vegetation cover is declining 

3. r didn't have any idea 

Q22. What is you r perception about the fish stock availability? _ _____ _ 

1. No change in availability 

2. Fish stock decline is observed 
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3. I didn ' t have any perception 

Q23. Have you got a chance of participation in a workshop or training concerning 

environmental protection and conservation? _____ _ 

I. Yes 2. No 

Q24. What suggestions do you have in solving the problems of stock decline of the 

Bat'bus species? ________________________ _ 

Q25. It has been intended to take a measure to control fishing activities at the river 

mouths (particularly during the spawning season of the Barbus species). Will you 

agree? _____ _ 

I. Yes 2. No 

Q26. More over, plantation of local trees like 'Dokma' 'sholla ' , and 'Chveha '; and 

papyrus, reed and grass, on the lake side as well as flood plains has been planned 

as a measure in reducing flooding (and hence sedimentation) problem. Will you 

agree with this plan? _____ _ 

1. Yes 2. No 

Q27. The implementation of these proposed measures, however, requires the 

contribution of a payment from you. Do you have the willingness and ability to the 

contributions? _____ _ 

1. Yes 2. No 

Q28. The association that you are a member of is: ____ _ 

I. St. Michael (No 1) Fishermen Association 

2. Gorgora Fishermen Association 

3. I am not a member of any 
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Part 1I: - C hoice Experi ment Questions 

Scenario Description 

You are randoml y selected among the fi shermen participated in fishing acti vities in Lake 

Tana to bc the rcspondents in this survey. Here is a short description about the proposcd 

programs (measu res) to solve the problems in sustainable utilization of the Lake and its 

fishery resources. YO LI are kindly requested to attend for the description attenti vely. Thi s 

will help you to understand the choice sets that wi ll be provided. 

Lake Tana is a shallow lake with an average of 8 m and a maximum of 14 m depth . It is the 

source of the Blue Nil e River. Five major & more than 40 seasonal small rivers fl ow in to 

the Lake. Those rivers flooding the surrounding land areas carry a heavy load of silt & 

sediment and deposit it in to the Lake. It has been indicated, for instance, that in the 

North ern part of the Lake about 5 kill of the water body was displaced wi th silt & sediment 

deposits. The land areas around the Lake, particularly the Eastern and Northern parts of the 

Lake, are extcnsively used for agriculture and hence deforested. Agricultural activit ies -

farmi ng and cattlc raring are expanding from time to time. The vegetati on cover around the 

Lake shores and til e wetland areas are degraded for the mentioned activities. Consequentl y, 

thc fi sh habitats and the water quality are seriously affected. 

Further more, among the endemic fi sh species of the Lake, the Barbus species are known to 

migrate in to the ri ve r mouths and upstream during their spawn ing periods. This happens 

particularly in thc rainy season. Greater pressure of over fi shing of the Barbus spccies is 

pract iced during thi s season at the ri ver mouths where the matured barbs are excessively 

caught. Loss of breeding grounds (due to deforestation and sedimentation) along with over 

fi shing of the matured barbs results in the decline of recruitments and fear of ex tinction of 

thi s specics. Note that, in add ition to the nutritional values, the endemic species have 

signifi cant ro les in th e sustainab ility of the Lake biodiversity. Hence, th e decline (and 

thereof extinction) of such species will lead to the co llapse of biod iversi ty of the Lakc. 
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The local government has an intention to take measures that could mitigate those problems 

and reassure the sustainability of the Lake and its fishery resource. In order to accomplish 

th is, va ri ous development options are proposed. The proposed opti ons are : 

I . Fishing control: - thi s is designed to solve the problem of Barbus stock decline. 

Fish ing efforts focused at the ri ver mouths and upstream during the spawning 

periods of the Ba.-bus species (i.e. in the rainy season) will be prohibited. The 

al ternat ives are prohibition of fishing efforts only every other week during July to 

September or complete prohibition of fi shing effort during July to September. 

2. Lake side plantation: - this involves plantation of environmental friendly local trees 

'Dokma ' , 'Sholla', and 'Chveha'; and papyrus, reed and grass famili es with equa l 

proportions of each plant type. Plantation activities will be exercised on flood 

plains around the Lake and at r iver mouths. The mentioned land areas will be 

planted with those types of plants from the shores of the lake in your permitted 

areas fo r fi shing. The alternative widths of plantation cover are 10 meters or 50 

meters from the shores of the Lake. 

These programs will have two alternative versions as described: the aggress ive and the 

moderate. In the aggressive version of the programs, the plantation cover will have 50 

meters width from the shore of the Lake and fish ing efforts will be prohibited during Jul y to 

September at river mouths. In the moderate version, plantation cover will have 10 meters 

widt h from the shores of the Lake and fishing efforts will be prohibited in only every other 

week during July to September at river mouths. 

However, it has to be known that the implementation of these programs costs money. The 

responsib le authority will set appropriate mechanisms for implementation of the programs. 

There will be fi shery management regulations in such a way that a payment is required to 

be lega ll y participated in fi shing acti vities. All the fi shermen will be registered for fi shing 

permit and will be li censed as long as they obey the rules and regulations set by the 

authority. For such circumstances, all the fi shermen wi ll be asked to pay an equal specific 

amount of money, on a monthly basis. The rai sed fund will help to finance the costs of 
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implementation of the proposed programs. Those fi shennen not registered for lega l 

parti cipation will be punished if they are found in the activity. 

N.B.: - It must bc recogn ized that thi s survey is not part of the project. The study is 

des igned to know the major problems in the sustainability of the Lake and its fi shery 

resource. It aims at knowing the preferences of the fi shermen for the different options in the 

fi shery and watershed management activities. It focuses on having common understanding 

in solving the major problems in the Lake' s resource utilization. 

Fo r the questions that follow, no 'Wrong' or 'Correct' answers are expected. What is 

required is the priority that you place for the different options provided. You wi ll be asked 

to choose your preferred option. Please! Be careful in considering the attributes - Fishing 

Control , Lake Side Plantation, and Payment for Fish Permit along with thei r respective 

levels. 

If you have any difficulty in understanding the options, don ' t hesitate to ask for 

further clarifications. In case you change your mind, feel free to go back and change 

your previous choice(s) . 

.. To the Interviewer: Now, Please show the Cards and explain what they 

represent. Don 't forget that you have to help them in clarifying any doubt they 

may face in choice tasks. 
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Wh ieh of the fo llowing options do you prefer most? 

C hoice Set I 

Attribute Option I Option 2 Option 3 

Fishing Contro l Every other week Every other week No change 

Lake Side Plantation 10 meter 10 meter N a change 

Payment fo r F. Pel111it 40 BilT 25 Birr 0 Birr 

C hoose one, pl ease! II II 

C hoice Set 2 

Attribute Option I Option 2 Option 3 

Fishing Contro l July to September Every other week No change 

Lake Si de Plantation 

Payment for F. Pennit 

Choose one, please ! 

Choi ce Set 3 

Attribute 

Fishing Control 

Lake Side Plantation 

Payment for F. Permit 

Choose one, pl ease! 

50 meter 

10 Bin' 

II 

Option I 

July to September 

10 meter 

25 Bin' 

II 

89 

50 meter 

10 Bill' 

II 

Option 2 

Every other week 

50 meter 

40 Birr 

II 

No change 

o Birr 

Option 3 

No change 

No change 

o BilT 



Choice Set 4 

Attribute 

Fishing Contro l 

Lake Side Plantation 

Payment for F. Permit 

C hoose one, please! 

Choice Set 5 

Attribute 

Fishing Control 

Lake Side Plantation 

Payment fo r F. Permit 

Choose one, please! 

Choice Set 6 

Attribute 

Fishing Control 

Lake Side Plantation 

Payment for F. Pe1111it 

Choose one, please! 

Option I Option 2 Option 3 

July to September Every other week No change 

50 meter 

25 Birr 

Option I 

II 

50 meter 

25 Birr 

Option 2 

II 

No change 

o Birr 

Option 3 

July to September July to September No change 

50 meter 

40 Birr 

Option I 

II 

Every other week 

10 meter 

10 Birr 

II 
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10 meter 

10 Birr 

Option 2 

II 

July to September 

10 meter 

40 Birr 

II 

No change 

o BilT 

Option 3 

No change 

No change 

o Birr 



Follow up Questions 

Which one of the following explanations could best describe the reason for yo ur 

choices of the options? 

I. Just I want the aggressive options to be implemented 

2. I exclusively choose the cheapest alternative whatever 

3. The proposed measures were good but I didn't have the ability to pay and thus 

choose the status quo 

4. I thought the fishermen have not to pay and thus choose the status quo 

5. I found the Fishing Control attribute as preferred measure and thus make 

choices in accordance for its implementation 

6. [found the Lake Side Plantation attribute as preferred measure and thus make 

choices in accordance for its implementation 

Part III: - Socioeconomic characteristics 

... To tile interviewer: - Fill the table appropriately by asking the respondents 

Age Martial Years Family Average monthly Average monthly 

Status of Size household household expenditure 

1. Married Educati income 

on 
2. Divorced 

3. Single 
Fishing Others Fishing Other HH 

activities expenditures 
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