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Catch Me If You Can: Trade Mis-invoicing and Capital 

Flight in Ethiopia 
  

Adugna Lemi1 * 
   

Abstract 

  

With increased globalization comes increased opportunities to manipulate export 

and import invoices (trade mis-invoicing) as a vehicle to move capital unrecorded 

(and illegally) out of a country. Trade mis-invoicing, which is seemingly negligible 

in other parts of the world, is significant for developing countries in general and 

African countries in particular. This paper presents the extent of trade mis-

invoicing and the resulting capital flight for the case of Ethiopia. Using 

commodity-group level trade flow data between Ethiopia and its trading partners, 

as well as disaggregated CIF-FOB ratios, this paper sheds light on commodity 

groups and trading partners that had significant impacts on trade mis-invoicing. 

Results show that previous studies reported underestimated trade mis-invoicing 

and capital flight figures from Ethiopia. I argue that underestimation was due to 

the exclusion of major trading partners (like China and India) and the use of fixed 

CIF-FOB ratios that don't reflect variations across commodity groups and trading 

partners. Results also show, for trade with only advanced countries, trade mis-

invoicing has cost Ethiopia $6-35 billion between 2008 and 2016; for trade with 

emerging economies (including China and India), Ethiopia has lost $15 -78 billion 

to trade mis-invoicing during the same period. If we just take the sum of the lowest 

estimates of trade mis-invoicing, Ethiopia had lost over $20 billion due to trade 

mis-invoicing with all its trading partners during the study period. A handful of 

commodity groups (vegetables, machinery, and transport equipment) has 

contributed to trade mis-invoicing in a significant way. The study also shows that 

India, United Arab Emirates (UAE), Finland, New Zealand, China (Hong Kong), 

Ireland, Australia, the US, Japan, and the Czech Republic tops the list of Ethiopia's 

trading partners with the highest share of trade mis-invoicing in total trade.  
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1. Introduction 

  

Trade mis-invoicing is not a new phenomenon; its impacts and 

implications grew significantly in recent years as previously marginalized 

countries increased their engagement in global trade and investment. Naya and 

Morgan (1969), Yeats (1990), Beja (2007), and Berger and Nitsch (2012) 

documented the prevalence and extent of trade mis-invoicing without going into 

its motivations and determinants. The question often asked in recent years is not 

as such on its prevalence but on the motives behind it and the magnitude of mis-

invoicing (Buehn and Eichler, 2011; Geda and Yimer, 2016; Bahmani-Oskooee 

and Goswami, 2003; Fisman and Wei, 2004; Fisman and Wei, 2007; Farzanegan, 

2009; Ndikumana and Boyce, 2010; Ndikumana et al., 2015).  

Studies on the welfare implications of trade mis-invoicing are also 

another strand in the literature, although very few of these studies subject the 

theoretical implications of trade mis-invoicing on welfare to empirical test 

(Buehn and Eichler, 2011). The welfare analysis studies clearly state the social, 

economic, and political implications of capital flight in general and trade mis-

invoicing in particular. Ortega et al. (2018) did a more specific study to link the 

impact of illicit capital flow to Human Development Index (HDI); their result 

shows that, in the most corrupt countries, a 10% increase in illicit financial flow 

would result in 21.7 points decrease in HDI levels. Ortega et al. (2018) further 

note that illicit financial flows "weaken financial systems and allow wealthy 

individuals to hide stolen assets, evade taxes, and avoid the adverse impacts of 

currency depreciation. Thus, the people benefiting from the capital flight are the 

elites involved in the embezzlement of resources and transfer of funds to various 

offshore destinations." They added that "the money ends up in offshore tax havens 

and anonymous shell companies which, instead of benefiting the people, provide 

a home for opaque ownership structures that foster corrupt behavior in developing 

countries." Ethiopia is not an exception to this; in fact, given the size of capital 

flight estimated in previous studies, the socio-political impact can't be overstated. 

This robs the country the valuable foreign currency that the country supposed to 

use to build infrastructure and institutions. The implication of this is that a 

government can save a lot of foreign currency with the right regulation (e.g. 

closing leakages and loopholes) to mitigate capital flight. Such potential benefits 

warrant the need to estimate the magnitude of capital flight (and correcting 
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previously underestimated capital flight numbers) and provide insights on the 

channels and motivations of trade mis-invoicing for policy-makers to design 

necessary regulatory measures to combat trade mis-invoicing.  

In those studies that use African countries as a case study, the aim has 

been to estimate the magnitude of trade mis-invoicing as part of the overall capital 

flight estimation that is robbing the continent of the much-needed capital 

(Ndikumana and Boyce, 2010; Ndikumana et al., 2015; Geda and Yimer, 2016). 

Ndikumana and Boyce (2010) provide estimates of capital flight from most 

African countries, and they note the significance of trade mis-invoicing in their 

capital flight estimation. One common feature of most previous studies is that 

they lump sample countries together to estimate trade discrepancy equations. This 

is especially true for the case of African countries, where there is limited 

information on an individual country. Since sample countries have different 

customs regulations, exchange rate regimes, and tax and tariff structures, it is 

warranted to conduct such estimation at a country level for which sufficient data 

is available. 

The focus of the present study is to estimate trade mis-invoicing for 

Ethiopia between 2008 and 2016, and to provide insights for policy-makers on 

trading partner countries and commodity groups responsible for this. As an 

improvement over previous studies, the present study looks into previously 

ignored or assumed away dimensions of trade mis-invoicing. These are trade 

flows with new and emerging trading partners in Asia and African economies; 

and commodity group level variations in estimated cost insurance and freight 

values (CIF-FOB ratio) that has often been ignored as insignificant or assumed 

away as inaccurate. To account for these omissions, the present study zooms in 

trade mis-invoicing activities in Ethiopia to highlight on the commodity groups 

and partner countries involved in such practices. The aim is to identify the 

commodities and countries affected/involved in trade mis-invoicing practices to 

help authorities in Ethiopia and its trading partners to design targeted policies to 

curb the ever-increasing capital flight due to trade mis-invoicing. For each trading 

partner country and commodity groups, I report disaggregated estimates of trade 

mis-invoicing by their export and import components. 

The specific questions I ask in this study are: Were there systematic 

discrepancies in trade flow data between Ethiopia and its trading partners? Which 

commodity groups and partner countries were susceptible to this practice? How 

much does non-advanced trading partners contribute to trade mis-invoicing in 
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Ethiopia? I investigate these questions both by country and by commodity groups 

to get to the bottom of the issue, and to relate the findings to ground level 

anecdotes. I will also compare the findings of this study to previous studies to 

highlight the discrepancies in trade mis-invoicing numbers for Ethiopia. 

Illicit capital outflow from developing countries in general, and Africa, 

in particular, is estimated to be in tens of billions (Kar and Spanjers, 2015; Global 

Financial Integrity, 2017). Ethiopia is not an exception, in fact, trade mis-

invoicing accounts for one of the most significant shares of capital flight in 

Ethiopia compared to other African countries (Ndukmana and Boyce, 2010; 

Spanjers and Salamon, 2017), see Table 1 below for details. 

For a country that only recently started integration into the world market, 

and with weak institutions to support these increased transactions, it is not 

difficult to imagine the existence of unrecognized loopholes that could easily be 

used by traders. It is necessary for developing countries' governments to 

understand the determinants of trade mis-invoicing to design custom regulations 

in line with the changing nature of global transactions. For instance, in places 

where it is difficult to countercheck invoices supplied by traders for the values of 

imports and exports, customs authorities should design a price determination 

formula to close some of the loopholes. 

Traders, who buy and sell goods from and to overseas businesses or 

customers, engage in mis-invoicing import and export values for various reasons. 

Some of the reasons are tax evasion, gains from black market premium, and the 

opportunity to save in convertible currency in a foreign bank (i.e., capital flight). 

These possible explanations provide insight into whether the gain (it could be in 

local or foreign currency) from mis-invoicing stay in the country or leave the 

country through the back doors. The implication is paramount for policy-makers 

to cope with the fast-changing and integrated world. 

I have organized the remaining parts of this study as follows. The next 

section presents a literature review on estimation and determinants of trade mis-

invoicing with a focus on studies on African countries. Section three presents a 

description of data, sources of data, and methodology. I discuss the results of the 

study in section four. The final section concludes and draws implications. 
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2. Literature Review 

  

The literature on the implications of trade mis-invoicing falls into two 

strands. The first strand looks into attempts to build a theoretical framework to 

understand the channels through which trade mis-invoicing affects an economy 

and how individuals make decisions on trade mis-invoicing to maximize 

individual welfare. The second strand focuses on empirical estimation of the 

magnitude of trade mis-invoicing to shed light on the resulting amount of capital 

flight; in essence, this is an empirical test of one component of the broader welfare 

implication that the first stand presents. Both the theoretical and empirical works 

look at the determinants and deterrents of trade mis-invoicing. The focus of the 

most recent studies is on the motives and deterrents behind trade mis-invoicing. 

The present study, taking Ethiopia as a case study, adds to this strand by 

attempting to fill a void in a country-level analysis. Specifically, the study looks 

at the links between trade mis-invoicing and capital flight, as well as the 

magnitude and channels of trade mis-invoicing in Ethiopia. It is important to note 

that there are several other studies that looks into the impact of capital flight on 

economic growth, human development index, and other macroeconomic 

implications (Ortega et al. (2018). Since these implications are well-documented 

and well-understood both among policy-makers and academicians (see 

UNCTAD, 2016), I didn’t focus on this literature to save space. In the paragraphs 

that follow, I have presented specific motivations of trade mis-invoicing and their 

implications. 

  

2.1 Motivations of Trade Mis-invoicing 

  

What are the motivations for a trader mis-invoicing import and export 

transactions? Whatever the motivations, such practice is often portrayed as 

harmful for a country (UNCTAD, 2016). However, there are cases where this 

practice may end up helping a country positively in the form of capital inflow or 

allocation of resources free of regulatory barriers. The debate on whether trade 

mis-invoicing results in positive or negative welfare effects is not yet settled 

(Buehn and Eichler, 2011). 

Some of the motivations are in response to the foreign currency control 

(to take hard currency out of the country through illegal means) while others are 

to bring in foreign currency illegally (to benefit from the wide gap between the 
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official and the parallel exchange rate). Tax evasion and customs administrative 

burden are also recognized as factors in Africa in influencing both the decision to 

engage in and the amount of trade mis-invoicing (Buehn and Eichler, 2011). As 

such, UNCTAD (2016), based on a review of the literature (Buehn and Eichler, 

2011; Patnaik et al., 2012), classifies the motives for exporting and importing 

firms to engage in trade mis-invoicing into three. These motives are related to tax 

evasion, exchange rate controls, and administrative burden. 

Financial motives, through tax evasion, are driven by profit 

maximization. This motivation can be done through the under-invoicing of 

exports and imports to minimize tax liabilities. In a country where trade barriers 

(tariffs, quotas, etc.) are discouragingly high, tax evasion seems to be the main 

driving force that encourages trade mis-invoicing. Several studies provide 

empirical evidence on this (see Bhagwati, 1964; McDonald, 1985; Epaphra, 

2015; Fisman and Wei, 2004; Buehn and Eichler, 2011). In a reverse case, where 

there is an incentive to export (through export subsidies) and import of 

intermediate input (through import tariff exemptions), firms tend to over-invoice 

(overstate) exports and imports to maximize profit. Such a scenario may seem 

rare, but it may happen in a country where the promotion of trade is at the center 

of its development strategy. In a country like Ethiopia where the tariff rates are 

significantly high for some products (up to 150% tariff on some automobiles) and 

where there is taxation on exports (for instance, 6.5% tax on coffee exports 

(Minten et al., 2014)), traders may be tempted to under-invoice both imports and 

exports to minimize tax/tariff burdens. Minten et al. (2014) also report anecdotal 

evidence of coffee hoarding in Ethiopia, which may eventually result in export 

under-invoicing.  

A country with excessive customs and exchange controls may also 

experience trade mis-invoicing as traders try to jump over or hide from such 

control mechanisms. Under such circumstances, traders attempt to hide foreign 

currency from official channels. One way to do this is to mis-invoice trade to take 

advantage of the prevailing Black-Market Premium (BMP) or to hoard cash in 

foreign currency in a foreign bank account (hence engage in capital flight). Under 

such motives, traders engage in over-invoicing of imports so that they obtain 

undeserving foreign currency from the authority that controls the foreign currency 

and under-invoicing of exports so that they can hide some of their export earnings 

abroad. Traders may use this ill-obtained foreign currency for various purposes, 

including paying for smuggled imports and selling it in a black market for a higher 
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premium (for empirical evidence on this see, Bahmani-Oskooee and Goswami, 

2003; Barnett, 2003; and Biswas and Marjit, 2005). For a country like Ethiopia, 

this channel is the best way to take money out of the country in the form of hard 

currency. For instance, between 2004 and 2013, on average, there was an illicit 

outflow of capital from Ethiopia to the tune of $2.6 billion per year (Kar and 

Spanjers, 2015). Trade mis-invoicing is suspected to be one of the channels 

through which this illicit capital outflow occurs. For instance, between 2000 and 

2009, Ethiopia had lost over $11 billion due to trade mis-invoicing (Kar and 

Freitas, 2011), of this $11 billion capital flight, over $7 billion was due to trade 

mis-invoicing. Ndikumana and Boyce (2010) also estimated that trade mis-

invoicing accounts for 60% of capital flight in Ethiopia between 1970 and 2004.  

Another motive for traders to engage in trade mis-invoicing is to 

minimize administrative burden. This motive is somewhat related to the second 

motive above, but in this case the attempt is to hide exports and imports from 

customs authorities through under-invoicing. The less the volume of the trade, 

the less the time and administrative hurdles it needs to pass through to clear 

customs. Corruption and ease of smuggling drive this motive. Therefore, in a 

country like Ethiopia, where the incident of corruption is growing (as evidenced 

in a recent (2018 and 2019) arrest of high-profile officials), this motive 

encourages traders to under-invoice both imports and exports. Fisman and Wei 

(2007), and Berger and Nitsch (2012) provide empirical evidence to support the 

correlation between trade mis-invoicing and corruption.  

Finally, a trader mis-invoice imports and exports to bring in foreign 

currency stashed in a foreign country. This is not one of the top motives that 

previous studies have documented, but it is another possible reason for traders in 

emerging economies where there is a severe shortage of foreign currency. One 

reason to try to bring money previously sent abroad illegally into the country is 

for investment purposes. Traders implement this through export over-invoicing, 

which is a practice to launder illegal money back into a country through a legal 

channel. This has been less of a concern for studies that estimate capital flight 

from African countries for the reason that the money is coming back to the 

country, which is good for a country if one looks at this from just an economic 

growth perspective. It, however, comes through illegal means and may be spent 

on activities not that helpful for the country. As I will present in the discussion 

later, this motivation was driving part of the trade mis-invoicing in Ethiopia at 

least until 2010. 
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As to which of these motives are more relevant and prevalent in a country 

like Ethiopia is an empirical question. To reach the bottom of this issue, one needs 

to use disaggregated data by commodity and trading partners to pinpoint the 

conditions facilitating one motive over the other for each commodity group and 

partner country. The net effect of these motives varies by partner country, year, 

and commodity group. That is, it may be easier to under-invoice or over-invoice 

trade with a partner whose customs system is not as sophisticated; similarly, it 

may be easier to mis-invoice some commodities that are cumbersome to count or 

weight. It is also possible that during periods when there are political and security 

concerns in a country, smuggling may be easier, which results in under-invoicing 

of both imports and exports.  

  

2.2 Estimates of Capital Flight and Trade Mis-invoicing in Ethiopia 

  

A handful of studies present estimates for trade mis-invoicing and capital 

flight from Ethiopia. Almost all of these estimates follow the traditional 

estimation method to arrive at capital flight numbers and adjusted their estimates 

with trade mis-invoicing and other factors. Table 1 below provides estimates from 

four previous studies (Ndikumana and Boyce, 2010; Spanjers and Salamon, 2017; 

Kar and Spanjers, 2015; Kar and Freitas, 2011) that report a capital flight from 

Ethiopia for various years. Geda and Yimer (2016) also report estimates of capital 

flight from Ethiopia between 1970 and 2012 with adjustment for trade mis-

invoicing, though they did not report estimates for the trade mis-invoicing 

component separately. 

Ndikumana and Boyce (2010) report that during the period 1970-2004, 

Ethiopia had lost $17 billion to capital flight, and $10 billion (60% of capital 

flight) of that was through positive trade mis-invoicing (capital inflow). The study 

covers periods when the country had experienced a regime change and moved 

from strict exchange control (1970-1990) to a bit more relaxed exchange control 

system (1991-2004) that may explain the inflow of capital through trade mis-

invoicing. However, this trend has been reversed in the subsequent decades as 

trade mis-invoicing contributed to capital outflow. Results from Kar and Freitas 

(2011) confirm this reversal, in that between 2000 and 2009, Ethiopia has lost 

over $7 billion due to trade mis-invoicing, which accounts for 65% of cumulative 

illicit financial outflow ($11.7 billion) during the same period. This trend 

confirms that as the country expanded its trade engagement with the rest of the 
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world, trade mis-invoicing grew with it. Kar and Spanjers (2015) break the trade 

mis-invoicing part of capital flight into its two components: Import and export 

mis-invoicing. According to their study, Ethiopia has been experiencing over-

invoicing of both exports and imports. Over the study period that covers between 

2004 and 2013, import over-invoicing (capital outflow) resulted in a loss of over 

$19 billion whereas export over-invoicing (capital inflow) brought in over $6 

billion, with a net outflow of $13 billion during the same period (Kar and 

Spanjers, 2015). Spanjers and Salamon (2017) report similar statistics in 

percentage terms (see Table 1 for more). Although the motives for import over-

invoicing is clear from the literature summarized above, the motivation behind 

export over-invoicing has not been addressed in the literature as it has been 

considered either as insignificant or unimportant. As the above estimates indicate, 

though, this is not the case for Ethiopia. 
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Table 1: Estimates of capital flight from Ethiopia 

1970-2004a 2005-2014b (% of total trade) 2004-2013C (in billion USD) 2000-2009d (in billions USD) 

Real Capital Flight 

(2004 US$ Billion) 
$17.031 

Illicit Financial 

Outflows 
11-29% 

Cumulative Illicit 

Financial Outflow 
$25,835 

Cumulative Illicit 

financial flows (high-

end) 

$11.694 

Total Real Capital 

Flight/GDP in 2004 

(%) 

175% 
Outflows due to 

trade mis-invoicing 
6-23% 

Cumulative 

outflows due to 

trade mis-invoicing  

$19,712 

Cumulative illicit 

financial flows 

(conservative 

$7.944 

Trade mis-invoicing 

(2004 US$ Billion) 
-$10.234 

Balance of 

Payment (BOP) 

Leakages 

5-6% 

Cumulative 

outflow due to 

import over-

invoicing 

$19,709 

Cumulative illicit 

capital flow (using the 

World Bank's residual 

method) 

-$5.62 

Trade mis-invoicing as 

% of total capital flight 
-60.1% 

Import over-

invoicing 
6-23% 

Cumulative inflow 

due to export over-

invoicing  

$6,482 

Cumulative illicit 

capital flow due to 

trade mis-invoicing 

(traditional method) 

$7.569 

Remittance 

Adjustment (2004 US$ 

Billion) 

$3.801 
Import under-

invoicing 
0% 

Total trade mis-

invoicing inflows 
$6,482 

Cumulative Financial 

Flow (traditional 

method) 

$1.949 

Stock of capital 

flight/debt in 2004 (%) 
342.6% 

Export over-

invoicing 
3-5% 

Gross trade mis-

invoicing 
$26,194     

Net foreign assets in 

2004 (in Billion) 
$15.95 

Export under-

invoicing 
0%       

Source: a) Ndikumana and Boyce, 2010 (note that the GDP value used for this calculation is the 2004 GDP in 2004 prices, which was $10.13 

billion USD); b) Spanjers and Salamon, 2017; c) Kar and Spanjers, 2015; d) Kar and Freitas, 2011. 



Ethiopian Journal of Economics Vol. XXVIII No 1, April 2019 

 

 

 

11 

In the present study, I attempt to provide similar results, but with 

expanded coverage to previously excluded trading partners and commodity 

groups for recent using more detailed CIF-FOB ratios. 

 

3. Data and Methodology 

  

To arrive at the estimated amount of trade mis-invoicing and to generate 

corresponding capital flight numbers, one needs datasets on exports and imports 

as reported by a country under consideration (Ethiopia in this case) and its trading 

partners (mirror trade data). For the case of Ethiopia, I have extracted values of 

export and import flow from the UN COMTRADE using the World Bank's WITS 

(World Integrated Trade Solution) tool by two-digit commodity groups. UN's 

COMTRADE database is the only source that provides data at such a level of 

disaggregation. 

Based on trade flow data from COMTRADE, Table 2 reports Ethiopia's 

major trading partners from 2013-2016 ranked by the value of total trade in 2016. 

The top ten trading partners are dominated by advanced countries, but also by two 

emerging economies, China and India. China tops the list, whereas India holds 

7th place. Previous studies that estimate trade mis-invoicing in Africa (and 

developing countries of Asia and Latin America) often calculate estimates from 

trade flows only with advanced countries, excluding emerging economies. This 

approach underestimates trade mis-invoicing numbers. The justification for 

excluding these emerging economies from the list rests on the idea that data from 

these economies are not reliable and hence should not be used to estimate trade 

mis-invoicing. This argument might have been acceptable before these countries 

started their economic success and technical advances, at least, since the early 

2000s and even before (for the case of India). For recent years, statistical reporting 

from such countries is believed to be of high quality and catching- up (if not 

comparable) to those of advanced nations. For instance, Reuter (2012) indicates 

that the comparison between developing and advanced economies is not an easy 

matter given the structure and the political economy setting of each country. 

Reuter further claims that developing countries are now catching up with 

advanced economies in terms of improving rules and regulations to minimizing 

illicit flow and its damaging effects. Therefore, I argue that such emerging 

countries should be included when estimating trade mis-invoicing for African 

countries. To take this into account, the present study reports results both for 
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advanced countries (as in previous studies) and for other major trading partners 

(including emerging economies that are major trading partners of Ethiopia) for 

purposes of comparison and correcting underestimated capital flight numbers. 

 

Table 2: Ethiopia's top 20 trading partners, ranked by total trade in 2016 

Country  2013  2014 2015 2016 

China 127.33 234.35 283.13 287.31 

United States 115.47 193.99 225.11 145.01 

Germany 86.99 99.71 91.31 99.27 

France 55.46 35.81 53.27 91.44 

Italy 92.51 85.35 76.02 81.85 

Netherlands 44.70 38.82 59.71 79.89 

India 79.77 65.08 68.37 66.16 

Switzerland 49.12 64.71 100.79 55.71 

United Kingdom 40.61 46.04 71.60 54.41 

Belgium 104.97 92.27 46.35 46.84 

Turkey 46.58 37.06 35.85 41.76 

Japan 52.18 45.61 48.44 35.45 

Korea 23.10 45.78 37.48 31.23 

Spain 18.30 13.91 25.14 19.23 

Canada 6.75 31.73 8.16 16.17 

Israel 19.73 21.91 14.58 15.87 

Sweden 10.28 12.16 43.20 13.50 

Russia 9.65 11.14 11.68 13.06 

Finland 5.79 2.20 2.87 9.94 

Czech Republic 2.83 8.33 7.60 9.17 

Singapore 8.22 6.01 6.60 8.81 

Source: author's computation form COMTRADE data, various years. 

 

The other dataset needed to compare trade flows between two trading 

partners is the transport and insurance costs associated with imports. That is, the 
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cost-insurance-freight (CIF) to free-on-board FOB ratios that one needs to 

convert exports of a country into its mirror flow of imports reported by a country's 

trading partners. To compare exports (reported by Ethiopia) to imports (reported 

by Ethiopia's trading partners), one needs to convert free on board (FOB) export 

values into their import equivalents using cost-insurance-freight (CIF) values. 

Similarly, one needs to convert exports that Ethiopia's trading partners reported 

into equivalent Ethiopia's imports using CIF values. 

Previous studies have used fixed proportions of exports (10% or 5%) as 

an approximation for CIF values and assumed a fixed CIF value of exports for all 

commodities and trading partners. Reports from Global Financial Integrity (GFI) 

and other studies (Ndikumana and Boyce, 2010; UNCTAD, 2016) have used 10% 

or 5% of the FOB value of exports to approximate CIF values. There are also 

CIF-FOB ratios computed from the IMF’s Direction of Trade statistics, by just 

taking the ratio of imports to their mirror exports. This is, ratio of Ethiopia’s 

imports to the corresponding exports from its trading partners. Studies that opted 

for a fixed CIF-FOB has criticized the CIF-FOB values computed from the IMF's 

Direction of Trade statistics as inconsistent (Ndikumana and Boyce, 2010; 

Ndikumana et al., 2015; UNCTAD, 2016; Berthou & Emlinger, 2011; Miao and 

Fortanier, 2016; Hummels and Lugovskyy, 20031). However, the fixed CIF-FOB 

values that these studies (UNCTAD, 2016; Ndikumana and Boyce, 2010) adopted 

in their estimation is not perfect either, since it assumes fixed CIF values for all 

trading partners and all commodity groups. It is unreasonable to expect a fixed 

CIF-FOB ratio for all partners and for all commodity groups. The only reason to 

justify the use of a fixed CIF-FOB ratio is the lack of data at the commodity group 

level.  This study attempts to overcome that using an innovative estimation 

method that computes CIF-FOB ratios at country and commodity group level.  

 I argue that the use of a fixed CIF-FOB ratio may underestimate or 

overestimate trade mis-invoicing depending on the commodities and how far a 

country is from its trading partners. In an improvement over previous studies, 

Miao and Fortanier (2016) and Berthou & Emlinger (2011) have estimated 

 
1 After their investigation of the datasets, Hummels and Lugovskyy (2003) concluded that 

“… IMF’s cif/fob ratios are badly error-ridden in levels, and contain no useful information 

for time series or cross-commodity variation. However, the IMF data do appear to reveal 

some meaningful cross-exporter variation that might be usefully exploited by 

researchers.” 
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country and commodity-specific CIF values to highlight the significant variation 

across commodity groups and trading partners. 

As part of a related project, Miao and Fortanier (2016) 's work (as part of 

OECD project) on international transport and insurance cost (ITIC) of 

merchandise trade provides estimates of CIF-FOB values as a fraction of imports 

(at CIF value) for each country over time by trading partners and commodity 

groups. Following their estimation, unlike previous studies, the present study uses 

the estimated CIF-FOB values (Miao and Fortanier, 2016) to convert exports to 

import equivalents. Estimated CIF-FOB values take into account distance, trade 

volume, and other factors to arrive at a better approximation of the CIF values. 

Specifically, OECD's approach uses a gravity model with a list of independent 

variables identified as relevant in previous studies. These independent variables 

include the geographic distance between trading partners, the infrastructure 

quality of importing and exporting country (measured using GDP per Capita), the 

median unit value of each 6-digit product, dummies for partner contiguity and for 

partners being on the same continent, and a set of product and year dummies to 

arrive at estimated CIF values. Their estimation generates CIF-FOB margin of a 

specific commodity c, imported by a country, E, from a trading partner, P, at a 

given year t. Since it uses trade partner-commodity-time specific CIF-FOB 

values, this study is an improvement over previous studies that use fixed values 

for all partners and commodities (Ndikumana and Boyce, 2010; Ndikumana et 

al., 2015). 

Once the CIF-FOB values are computed, the remaining question is 

whether to use CIF-FOB values estimated from trade flow data reported by a 

country or its trading partners. Figures 1 and 2 plot estimated values of CIF-FOB 

from Ethiopia and its trading partners for 2008-2016, and 2014, respectively. As 

is clear from the plots, there are variations in the average values of the computed 

CIF-FOB ratios. The data estimated from partner countries concentrate around 

0.09, whereas those estimated from Ethiopia vary widely. Figure 1 plots the 

average CIF-FOB ratio for the period between 2008 and 2016; whereas Figure 2 

plots estimates for 20142 (the latest year data on CIF-FOB ratio is available). In 

this study, I use the CIF-FOB ratio (CIF-FOB_repo) obtained from Ethiopia's 

trade flow data to compute values of Ethiopia's imports from partners’ exports. 

 
2 For the years 2015 and 2016, I use the numbers from 2014 to extrapolate to the two 

recent years for each country and commodity group. 
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Similarly, I used the CIF-FOB ratio (CIF-FOB_part) obtained from partners' trade 

flow data to compute the values of partners' imports from Ethiopia's exports. This 

approach is justifiable since estimates of CIF-FOB values are computed based on 

each country's actual trade flow, and it is reasonable to use the same estimates to 

compute import values for each country. 

 

Figure 1: Kernel density of average cost insurance and freight estimates 

from data reported by Ethiopia and its partners 2008-2016 
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Figure 2: Kernel density of average cost insurance and freight estimates 

from data reported by Ethiopia and its partners 2014 

 

 

Methodology 

 

There is as much no debate or controversy on how to compute trade mis-

invoicing numbers as much as what CIF-FOB ratios and which countries to 

include in the computation. Most previous studies have adopted the standard 

estimation technique that compares exports of a country to its' trading partners' 

imports and vice-versa. Some studies estimate trade mis-invoicing numbers to 

adjust gross capital flight estimates (Chang et al., 1997; Ndikumana and Boyce, 

2010; Geda and Yimer, 2016; Global Financial Integrity, 2017; Kwaramba et al., 

2016) while others just estimate trade mis-invoicing to highlight its importance 

at a commodity level (UNCTAD, 2016; Beja, 2006; Buehn and Eichler, 2011). 

The estimation formula (to compute mis-invoicing) adopted in this study 

is not different from previous studies. The variables used in the computations, 

however, are a bit different. To have a focused discussion on this, consider two 
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countries: Ethiopia (E) and its partner (P). Ethiopia both imports from and exports 

to its partner country, P. As described above in the data, I have gathered data on 

Ethiopia's exports to and imports from P as reported by Ethiopia. I have also 

gathered data on partner P's imports from and exports to Ethiopia. Ideally, imports 

of P from E should be the same as exports of E to P (plus costs of insurance and 

transportation, CIF). Similarly, imports of E from P should be the same as exports 

of P to E (plus CIF). In practice, however, there is no such perfect equality in 

trade flows for various reasons, as discussed above. I follow a simple formula to 

calculate the discrepancies between these values both for exports and imports to 

see if there are any systematic discrepancies between the numbers reported by 

Ethiopia (E) and its' trading partner (P) by commodity (c), and over time (t). I 

have reported CIF-FOB values as a fraction of exports at CIF values. In the 

formula below, I added the CIF-FOB fraction of exports to export values to 

generate equivalent import values. 

For export mis-invoicing by exporters from E, I compute the following: 

DXEP,t
c = MPE,t

c -(1 + CIF)*XEP,t
c  , labelled as differences in exports (exportdiff) 

in the data. Where MPE,t
c  is imports of commodity c by partner country, P, from 

Ethiopia, E, in year t. Similarly, XEP,t
c , represent exports of commodity c, by 

Ethiopia to partner country, P. DXEP,t
c  represents the difference between what is 

reported as import by country P and as exports by Ethiopia.  

Positive values of the difference are evidence for export under-invoicing 

(evidence for capital flight); whereas negative values of the difference are 

evidence for export over-invoicing (evidence for capital inflow).  

For import mis-invoicing by exporters from E, I compute the following: 

DMEP,t
c = MEP,t

c -(1 + CIF)*XPE,t
c  , labelled as differences in imports (importdiff) 

in the data. That is, imports by Ethiopia from partner, P, must be the same as 

exports from P to E (after taking into account CIF values). If these two values are 

not the same, the difference may be positive or negative depending on the 

magnitude of each value. 

Similarly, positive values of the difference are evidence for import over-

invoicing (evidence for capital flight), whereas negative values of the difference 

are evidence for import under-invoicing (evidence for capital inflow). 

Export over-invoicing and import under-invoicing result in capital inflow 

(although illegally), and because of that, some studies (for instance, Global 

Financial Integrity, 2016) exclude these values from capital flight estimation, not 
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just because it brings capital back to a country but also by assuming it as 

insignificant. As we will discuss below, though, these values are not negligible 

for the case of Ethiopia. I compute total trade mis-invoicing as the sum of export 

mis-invoicing and import mis-invoicing. Positive values of trade mis-invoicing 

give us net capital flight estimates due to trade mis-invoicing, which means more 

export under-invoicing (compared to export over-invoicing) and more import 

over-invoicing (compared to import under-invoicing). I compute these 

differences by partner and commodity groups, and then I regroup the values to 

highlight the commodities and partners by the sign and magnitude of the 

difference. 

 

4. Results and Discussion 

 

Before getting into detailed estimates of trade mis-invoicing and its 

components, first, I compared trade flows that Ethiopia and its trading partners 

have reported (Figure 3). Differences in total trade flows are in the range of 

hundreds of millions of dollars, especially since 2012. In 2012, 2014 and 2015, 

Ethiopia's trading partners reported more trade flow than what Ethiopia has 

reported; whereas, in 2016, Ethiopia reported more trade flow than reported by 

its trading partners. The last five years have driven much of the differences in 

trade flows between Ethiopia and its trading partners. 

Tables 4-7 in the appendix provide details on alternative ways of 

measuring trade mis-invoicing (and its components) over time (Table 4) and trade 

mis-invoicing (and its components) by major commodity groups and trading 

partners (Tables 5-7). 
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Figure 3. Differences in total trade flow as reported by Ethiopia and its 

partners 

 

 

Table 3 presents estimates of export, import, and trade mis-invoicing using three 

alternative approximations of CIF-FOB ratios for advanced countries as well as 

for emerging trading partners of Ethiopia. Table 4 in the appendix provides 

similar estimates for all countries and major trading partners over time. To 

compare results with previous studies, I computed estimates of trade mis-

invoicing not just with estimated values of CIF-FOB ratio but also using fixed 

ratios (10% and 5%) of exports at FOB values to generate corresponding import 

values. It is important to note from the outset that there is no difference in the 

direction (sign) of mis-invoicing using all three estimates of CIF-FOB ratios, but 

there is a significant difference in magnitude3. In all three cases, estimates that 

use 10% and 5% CIF-FOB ratios overestimate values of trade mis-invoicing; the 

same result is obtained for all countries and major trading partners (see Table 4). 

 
3 Similar estimates for all countries and for major trading partners (including India and 

China) confirm the same finding. Tables for these estimates are not reported here but are 

available upon request.  
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As noted in the methodology section, positive values for exports imply under-

invoicing, whereas negative values imply over-invoicing. For imports, positive 

values imply over-invoicing and negative values imply under-invoicing.  

The results in Table 3 confirm that both exports and imports are over-

invoiced, which suggested both capital inflow (due to export over-invoicing) and 

capital outflow (due to import over-invoicing). The results that use 10% and 5% 

for CIF-FOB ratio tend to overestimate these values even more than what it 

supposed to be. That is, both ratios overstate estimated values of Ethiopia’s 

exports (or underestimate partner countries’ imports from Ethiopia) and also 

overestimate Ethiopia's imports from partner countries (or underestimate partners 

countries’ exports to Ethiopia).  As I noted above, I argue that the estimated CIF-

FOB ratios give a closer approximation to what is really happening in terms of 

trade mis-invoicing in the country. For instance, in 2016, for Ethiopia’s trade with 

advanced economies, estimated CIF-FOB ratio result in mis-invoicing of $0.6 

billion (exports), $3.1 billion (imports), and $3.6 billion (total trade); whereas the 

5% fixed CIF-FOB ration result in mis-invoicing of $2.7 billion (exports), $11.9 

billion (imports), and $14.4 billion (total trade). In other words, the estimate that 

uses the fixed CIF-FOB ratio overstates estimated trade mis-invoicing by about 

three times compared to that of estimated CIF-FOB ratio.       
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Table 3:  Trade mis-invoicing computed using three different estimates of CIF-FOB ratios (estimated, 10% and 5%) for 

advanced countries and emerging economies (in mill. USD)  

Year 
Exports 

(estimated) 

Exports 

(10%) 

Exports 

(5%) 

Imports 

(estimated) 

Imports 

(10%) 

Imports 

(5%) 

Trade 

(estimated) 

Trade 

(10%) 

Trade 

(5%) 

For Advanced economies trading partners  

2008 -172.64 -700.23 -515.84 818.25 3299.67 3604.07 404.95 2700.48 3160.18 

2009 -54.83 -162.15 -16.66 529.06 3026.86 3297.19 210.61 2601.91 3000.22 

2010 -170.92 -746.40 -539.57 131.91 1849.07 2209.08 3.40 760.38 1275.70 

2011 -82.15 -419.42 -163.90 -50.50 963.89 1361.99 -11.67 637.01 1238.69 

2012 -79.78 -314.97 -48.26 582.38 37.55 551.46 36.88 -688.49 64.29 

2013 -458.82 -1881.02 -1545.62 1129.07 3496.80 3945.35 56.51 1365.94 2114.37 

2014 -491.46 -1980.65 -1601.66 1628.92 3502.83 4091.31 139.91 1351.29 2270.28 

2015 -325.63 -1159.41 -779.33 2760.28 8484.39 9095.59 2196.69 7086.46 8036.50 

2016 636.73 2553.41 2710.85 3156.29 11345.42 11940.40 3600.40 13688.84 14417.18 

Total -1199.49 -4810.85 -2499.98 10685.65 36006.47 40096.45 6637.67 29503.81 35577.41 
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Year 
Exports 

(estimated) 

Exports 

(10%) 

Exports 

(5%) 

Imports 

(estimated) 

Imports 

(10%) 

Imports 

(5%) 

Trade 

(estimated) 

Trade 

(10%) 

Trade 

(5%) 

For emerging trading partners (Brazil, China, Egypt, India, Mexico, Poland, Russia, South Africa, Thailand, and Turkey) 

2008 -4.39 -39.02 -9.10 490.27 1927.82 2261.46 328.60 1711.06 2047.38 

2009 -52.53 -225.05 -161.18 1043.75 4141.30 4552.27 748.59 3709.75 4155.13 

2010 -85.25 -412.36 -325.48 1346.07 5370.02 5750.56 952.34 4536.71 4981.99 

2011 -45.86 -219.78 -132.48 1414.30 5712.43 6089.34 1035.33 5264.52 5718.45 

2012 -77.55 -317.24 -219.28 1495.81 5993.18 6583.26 1173.34 5461.52 6098.27 

2013 -142.03 -636.33 -520.86 1897.08 7289.19 7987.60 1621.81 6538.44 7305.66 

2014 -151.98 -672.78 -515.35 3267.21 13465.69 14333.56 2875.11 12467.43 13471.42 

2015 -76.58 -355.30 -240.39 4292.37 17932.85 18918.32 3811.87 17195.43 18277.21 

2016 428.72 1694.32 1720.39 3750.56 14957.85 15931.65 3275.14 15945.13 16904.68 

Total -207.46 -1183.54 -403.73 18997.42 76790.33 82408.01 15822.12 72830.00 78960.18 
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Results in Table 3 also show that Ethiopia has lost $6-35 billion to trade 

mis-invoicing between 2008 and 2016 just from trade with advanced countries 

(top panel of the table). That is, the range for the total values under trade using 

estimated CIF-FOB ratio and 5% CIF-FOB ratio. Import over-invoicing 

contributed to this mis-invoicing in its entirety; that is, $10-40 billion of the 

capital flight during the study period was due to import over-invoicing. The lower 

panel of the table reports results for emerging trading partners of Ethiopia, that is 

often not included in the estimation of capital flight or trade mis-invoicing. 

Ethiopia’s trade with just these emerging economics alone adds $15-78 billion to 

trade mis-invoicing numbers, which is more than double the estimate for 

advanced countries. Even if we just take the sum of the lowest estimates of trade 

mis-invoicing, Ethiopia had lost over $20 billion (6 billion + 15 billion) due to 

trade mis-invoicing with both advanced and emerging economies. For emerging 

economies, import over-invoicing contributed $18-82 billion during the same 

period between 2008 and 2016. I argue that ignoring these estimates from 

emerging economies underestimate trade mis-invoicing and overall capital flight 

number for Ethiopia. Fortunately, or unfortunately, export mis-invoicing resulted 

in capital inflow, in that export over-invoicing brought in about $1-4.8 billion 

from advanced countries and $0.2 – 1 billion from emerging trading partners. As 

noted in the literature review, estimates from the Global Financial Integrity 

(2017) exclude export over-invoicing since it results in capital inflow. However, 

I believe that since this capital inflow comes through illegal means, it may end up 

financing illegal activities, that may not help the development process in general, 

and priority sectors, in particular, in the country. 

In the following two figures (Figures 4 and 5), I present trade mis-

invoicing numbers for the two top trading partners of Ethiopia, China and the US. 

The figures depict average values of export, import, and total trade mis-invoicing 

for the two countries from 2008-2016. For the case of China (Figure 4), import 

over-invoicing is by far account for the largest share of trade mis-invoicing. For 

instance, in 2015, import over-invoicing was over $200 million, whereas export 

under-invoicing is almost negligible. 
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Figure 4: Trade mis-invoicing estimates for Ethiopia-China trade flow (in 

millions): 2008-2016 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The comparable number for the US is not as high (see Figure 5); in fact, 

trade mis-invoicing of Ethiopia with the US is about one-fourth of what it was in 

China in 2015. In 2016, trade mis-invoicing with the US jumped to $100 million, 

which is about half of what it was in China. In recent years, there may be trade 

diversion from China to the US as the country expand factories to target the US 

market to take advantage of the Africa Growth Opportunity Act signed between 

selected African countries and the US government. 
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Figure 5: Trade mis-invoicing estimates for Ethiopia-U.S. trade flow (in 

millions): 2008-2016 

 

 

4.1 Trade mis-invoicing by commodity groups 

 

In 2008, a handful of commodities contributed to trade mis-invoicing for 

both exports and imports. Transactions in vegetables, chemicals, machines, and 

transport requirements were the top commodities that contributed to import over-

invoicing. Transactions in stones & glasses, and, to some extent, vegetables were 

significant drivers of export over-invoicing (see Figure 6). 
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Figure 6: Trade mis-invoicing by commodity groups in 2008 

 

 

In 2016, export over-invoicing almost disappeared (see Figure 7). The 

majority of the commodities that contributed to capital flight through both import 

over-invoicing and export under-invoicing were in machinery and transport 

equipment commodity groups.  As the country engages in major infrastructure 

expansion, imports of different types of machinery and transport equipment 

expanded in recent years and ended up being one of the significant contributors 

to trade mis-invoicing. 
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Figure 7: Trade mis-invoicing by commodity groups in 2016 

 

   

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

Figures 8-13 report trade mis-invoicing over time, and by commodity 

groups, for trade with advanced countries (Figures 8 and 9), China (Figures 10 

and 11), and the US (Figures 12 and 13). In almost all these figures, the same 

commodity groups that contributed to a significant surge in trade mis-invoicing 

in recent past as discussed above. That is, vegetables, chemicals, machinery, and 

transport equipment. There is, however, slight variations across commodity 

groups as we zoom in the details by year, country, and direction of the trade 

(exports or imports). 

Figure 8 reveals that for advanced countries, Ethiopia's exports of 

machinaries, stones & glasses, and vegetables have contributed to the largest 

share of the mis-invoicing. Vegetable, stones & glasses exports were responsible 

for export over-invoicing but at different time periods. More specifically, exports 

of vegetables (this includes cut flowers and chat- a stimulant leaf mostly sold to 
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middle eastern countries) were responsible for over-invoiced between 2012 and 

2015. Exports of machineries and stones & glasses (in recent years) were 

responsible for export under-invoicing.  

 

Figure 8: Export mis-invoicing by commodity groups for Advanced 

countries: 2008-16 

 

 

For imports, trade in machinery, transport equipment, and chemicals are 

significant contributors to import mis-invoicing. Except for a couple of years 

between 2009 and 2013, imports of all three products were over-invoiced (Figure 

9). The last three years were particularly important as the country expanded 

imports of these goods as it expands infrastructure development. 
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Figure 9: Import mis-invoicing by commodity groups for Advanced 

countries: 2008-16 

 

 

Figure 10 depicts a similar phenomenon for trade with China; that is, 

exports of vegetables, footwear, and hides and skins are responsible for export 

mis-invoicing. Until 2015, exports of vegetables were over-invoiced; however, 

there was reveral of this trend in 2016. All the other commodity groups show 

insignificant amount of export mis-invoicing.  
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Figure 10: Export mis-invoicing of China-Ethiopia trade flow by commodity 

groups 

 

 

Except for textile products in the last three years, imports of all other 

products from China were over-invoiced (Figure 11). Imports of machinery, 

transport equipment, and metal products contributed significantly to import over-

invoicing. As noted above, when Ethiopia intensifies the expansion of 

infrastructure development, it looked east for the supply of construction materials 

sourcing most inputs from China. These import over-invoicing followed this 

trend and took advantage of this trade expansion to hide their ill-obtained foreign 

currency in China through import over-invoicing. 
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Figure 11: Import mis-invoicing of China-Ethiopia trade flow by commodity 

groups 

 

 

The case of the US is somewhat similar to that of China. Figures 12 and 

13 below depict similar graphs for Ethiopia exports and imports mis-invoicing, 

respectively. For exports, three products were responsible for export mis-

invoicing: Vegetables, footwear, and textile products (Figure 12). Exports of 

vegetables were initially under-invoiced until 2013, then over-invoiced until the 

end of 2015. All other commodity groups contributed little to trade mis-invoicing. 

Similarly, imports of machinery, transport equipment, and, to some extent 

chemicals drove most of the import mis-invoicing between Ethiopia and the US. 

Except for transport equipments (between 2008 and 2012), all three commodity 

groups contributed to import under-invoicing. However, the magnitude of mis-

invoicing both for exports and imports were much lower than the case of China. 
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Figure 12: Export mis-invoicing of Ethiopia-U.S. trade flow by commodity groups 

 
 

Figure 13: Import mis-invoicing of Ethiopia-U.S. trade flow by commodity groups 
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Figures 14-17 in the appendix depict scatter plots of export, import, and 

trade mis-invoicing for major trading partners of Ethiopia. These figures highlight 

the countries with which Ethiopia had recorded under-invoicing or over-invoicing 

of exports and imports. For instance, Figure 14 (with a 45-degree line) shows that 

countries to the right of the 45-degree line reported exports that are lower than 

the import amount reported by Ethiopia, which implies import over-invoicing in 

2008. These countries include the US, Italy, Japan, Germany, and France. In 

2016, not much had changed except that France moved to the other side of the 

45-degree line suggesting import under-invoicing, and Germany moved closer to 

the 45-degree line (Figure 15). 

For Ethiopia's exports, there have been movements by trading partners 

between 2008 and 2016.  In 2008, Ethiopia's exports to Switzerland, Japan, and 

the US were over-invoiced (to the left of the 45-degree line), whereas, in 2016, 

all these three countries changed sides to the right of the 45-degree line suggesting 

export under-invoicing. It is not clear why there has been such a significant shift 

from export over-invoicing to export under-invoicing between 2008 and 2016 for 

these countries. 

In connection with partner countries that have contributed to trade mis-

invoicing, Tables 5-7 provide percentage share of export, import, and trade mis-

invoicing to exports, imports, and total trade, respectively, for major commodity 

groups. Six commodity groups are selected based on results from previous graphs 

that show the importance of these commodities in affecting trade mis-invoicing. 

The percentage share of export mis-invoicing was the highest for exports to 

Austria, the Czech Republic, Estonia, Ireland, Luxembourg, Slovak Republic, 

and Switzerland. These are small European economies with which Ethiopia has a 

small market share, and for these countries, even smaller (in absolute magnitude) 

mis-invoicing shows up as a large percentage change. China has the highest 

percentage share of mis-invoicing for exports in vegetables and transport 

equipment. Germany, the third major trading partner of Ethiopia, recorded the 

highest export mis-invoicing for food and machinery. 

Overall, Ethiopia had significant trade mis-invoicing record in vegetables 

with Singapore (over-invoicing) and Brazil (under-invoicing). For food products, 

trade with India, the United Arab Emirates, and the Czech Republic had the 

highest percentage share and recorded the highest export under-invoicing. For 

trade in chemical products, Finland, the Czech Republic, and New Zealand had 

the highest percentage share. For trade in machinery, China (Hong Kong), 
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Ireland, and Australia were the top three countries with the highest share of trade 

mis-invoicing. The US comes second on the list of countries responsible for trade 

mis-invoicing as a result of trade in transport equipment. The other countries on 

the top of the list are Australia, the Czech Republic, and Japan. The Czech 

Republic comes up a lot on this list for almost all products. One needs to study 

the trade relationship with the country further to get to the root of the problem. 

 

5. Conclusions and Implications 

  

This study aimed to present estimates of Ethiopia's trade mis-invoicing 

disaggregated by commodity groups, trading partners, and over time. Unlike 

previous studies that have used fixed CIF-FOB ratios, the present study used 

estimated values of CIF- FOB ratios to convert a country's exports to its 

equivalent import values from partner countries. Estimates reported in this study 

also include countries often excluded in similar previous studies, despite being 

major trading partners of Ethiopia (like China and India), especially in recent 

years. 

The results of this study show that, if we consider only advanced 

countries, trade mis-invoicing costs Ethiopia $6-36 billion between 2008 and 

2016. If we include trade with emerging trading partners of Ethiopia (often 

excluded from such estimation), this alone adds $15-78 billion to trade mis-

invoicing estimates between 2008 and 2016. If we just take the sum of the lowest 

estimates of trade mis-invoicing, Ethiopia had lost over $20 billion (6 billion + 

15 billion) due to trade mis-invoicing with both advanced and emerging 

economies. A handful of commodity groups contributed to trade mis-invoicing in 

a significant way. For exports, vegetables, and machinery were major 

contributors; for imports, transport equipment, machinery, and, to some extent, 

chemicals were major contributors. 

Trading partners, which have a significant percentage share of trade mis-

invoicing compared to overall trade, include India, United Arab Emirates (UAE), 

Finland, New Zealand, China (Hong Kong), Ireland, Australia, the US, Australia, 

Japan, and the Czech Republic. Some of these countries are not on the list of 

advanced economies (India, UAE, and China); however, these countries 

contributed to mis-invoicing and hence to capital flight in a significant way. 



Ethiopian Journal of Economics Vol. XXVIII No 1, April 2019 

 

 

 

35 

Authorities in Ethiopia should look into these countries and commodity 

groups that have contributed to trade mis-invoicing in a major way to close the 

loopholes that these traders have used to mis-invoice trade. There is a need to 

further study the channels through which these commodity groups are traded and 

what special loophole exists with the trading partners that tops the list of largest 

mis-invoicing. Custom authorities in the country should also ensure that the 

pricing system they use for tariff and tax purposes are up to date to mitigate mis-

invoicing of these commodity groups and trading partners. Finally, government 

watch dog groups should also take a stock of traders involved in exports and 

imports of the top commodities suspected of mis-invoicing to see if they are 

taking advantage of some hidden regulation that result in trade mis-invoicing. 

Future research should focus on fine tuning such studies to provide even 

more refined insight for policy-makers. This may include micro-level analysis of 

the commodity groups suspected of having the largest trade mis-invoicing. 

Similarly, individual partner countries should be scrutinized to pin point to a 

special agreement or pact that Ethiopia signed which may inadvertently 

encourage trade mis-invoicing.   
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Appendix 

 

Figure 14: Scatter plots of Ethiopia's imports and partners exports: 2008  

 

 

Figure 15: Scatter plots of Ethiopia's imports and partners exports: 2016 
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Figure 16: Scatter plots of Ethiopia's exports and partners imports: 2008  

 

 

Figure 17: Scatter plots of Ethiopia's exports and partners imports: 2016  
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Table 4: Export, Import, and total trade mis-invoicing at three different CIF-FOB ratios (estimated, 10% and 5% CIF 

values) 
All 

Countries  
Exports Imports Trade 

Year 
Diff. 

Exports 

Diff. 

Export 

(10%) 

Diff. 

Export 

(5%) 

Diff. 

Imports 

Diff. 

Imports 

(10%) 

Diff. 

Imports 

(5%) 

Diff. 

Trade 

Diff. 

Trade 

(10%) 

Diff. 

Trade 

(5%) 

2008 -77.37 -437.4 -159.3 2017.05 13437.83 14126.3 856.08 11712.49 12610.43 

2009 -49.99 -706.72 -430.89 2111.77 12043.27 12801.33 1188.31 10133.66 11085.49 

2010 -324.19 -1991.14 -1613.1 2137.55 12077.27 12943.35 1079.25 8476.97 9602.09 

2011 -142.3 -1548.24 -1108.55 2209.62 11689.18 12650.01 1253.68 10085.79 11348.94 

2012 -213.01 -1620.48 -1133.05 3039.54 14526.12 15760.8 1502.3 11674.1 13268.52 

2013 -785.96 -4223.35 -3618.8 3945.22 19423.49 20716.69 2220.92 14506.94 16277.33 

2014 -888.84 -3790.34 -3108.31 5856.12 31419.79 33031.44 3571.15 26945.56 29114.63 

2015 -703.92 -2758.28 -2113.93 8296.98 37676.82 39455.13 6459.6 33609.74 35930.21 

2016 1017.21 4461.63 4722.92 7982.62 35857.99 37563.93 7529.8 38866.36 40750.82 

Total -2168.37 -12614.32 -8563.01 37596.46 188151.76 199048.98 25661.09 166011.61 179988.46 
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All 

Countries  
Exports Imports Trade 

Year 
Diff. 

Exports 

Diff. 

Export 

(10%) 

Diff. 

Export 

(5%) 

Diff. 

Imports 

Diff. 

Imports 

(10%) 

Diff. 

Imports 

(5%) 

Diff. 

Trade 

Diff. 

Trade 

(10%) 

Diff. 

Trade 

(5%) 

Major Trading Partners 

2008 -186.89 -786.32 -561.34 1309.86 5709.16 6320.27 738.81 4970.15 5749.89 

2009 -104.33 -683.98 -463.2 1527.1 7039.51 7721.38 948.07 5982.78 6831.12 

2010 -229.39 -1700.16 -1386.71 1428.8 6659.25 7424.9 963.67 4550.33 5536.42 

2011 -103.18 -1224.23 -861.67 1345.42 5582.46 6407.23 1038.15 4948.72 6035.85 

2012 -144.15 -579.48 -225.38 2013.88 5729.53 6821.63 1194.39 4579.22 5949.28 

2013 -546.95 -2262.56 -1831.04 2988.41 10606.07 11731.93 1711.75 8003.76 9482.58 

2014 -597.97 -2470.19 -1954.17 4825.13 16626.84 18057.4 2965.61 13655.65 15539.61 

2015 -382.2 -1431.71 -953.01 6961.08 26019.69 27589.56 5989.87 24046.56 26038.63 

2016 1044.3 4162.27 4343.58 6826.33 25973.39 27508.83 6810.35 29276.35 30934.9 

Total -1250.77 -6976.35 -3892.93 29226 109945.91 119583.14 22360.66 100013.5 112098.28 
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Table 5: Average export mis-invoicing as a percent of total exports by major 

commodity groups for major trading partners between 2008 and 

2016 

Country Vegetable FoodProd Chemicals Metals MachElec Transport 

Australia -3.20 -30.07 93.42 57.65 1559.15 92.89 

Austria 216293.73 5.47e+06 1197.80 2849.02 6951.53 501.46 

Belgium 73.06 34997.10 743.94 109.83 226.02 172.84 

Brazil 125.98   -45.33 -53.98            

Canada 71.64 381.81 122.71 9118.94 383.35 29.09 

China 409.59 54.66 42.79 60.67 -101.27 2275.90 

Cyprus 2664.20                

Czech 

Republic 
3430.45 801.25 3314.01 1168.78 18.93 -87.87 

Denmark 43.66 29.54   730.97 2995.51 

Egypt 0.55 -22.21 213.55 648.48 387.30 -35.05 

Estonia 2711.76                

Finland 72.54 47.94 3791.68 204.91 114.23 451.93 

France 33.22 838.66 32185.88 -24.45 32.35 1762.03 

Germany -23.83 437.99 -36.56 -39.16 1827.66 203.12 

Greece 16.08 20.11   -73.18 -108.38 

Hong Kong, 

China 
-83.40 18339.03 519.59 198.08 135.73            

Iceland 13.67 -108.18   -107.35            

India -6.08 3131.15 10.86 -10.76 179.98 38.77 

Ireland 15940.41  981.39 -64.78 844.87 55436.50 

Israel 22.01 124.41 -12.58 73.39 -72.96            

Italy -12.45 984.95 3251.07 395.32 499.73 22.39 

Japan -12.25 20215.59  -93.42 29.56 3661.40 

Korea 1.19 2406.33 -0.12 -85.38 184.36            

Latvia -29.83                

Lithuania 113.77                

Luxembourg 19301.99    -80.18            

Malta -46.95 3276.61  -77.77             

Netherlands 61.61 -74.47 1144.82 450.93 31985.48 699.38 

New Zealand 9.20 1325.43 -32.85 -96.12 268.56 2250.16 

Norway 181.65 15912.93 -13.24 -90.08 -89.81 -18.31 

Portugal -12.08                

Russia 42.42    -54.57            
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Country Vegetable FoodProd Chemicals Metals MachElec Transport 

Singapore -89.47  442.67 5938.03 69296.95 292204.03 

Slovak 

Republic 
66506.21   2776.90 982.18            

Slovenia 70.04                

South Africa -18.05 946.75 36.61 -84.80 0.64 -58.28 

Spain -2.85 151.48 -75.51 -32.30 1932.07 -65.05 

Sweden 34.38 56.71 -4.28 -107.15 12606.05 8989.62 

Switzerland 1524.37 5136.81 528.93 84.52 27639.55 115957.53 

Thailand -52.26  916.24 1926.76 684.83            

Turkey 19.24 -72.50 -50.13 7619.01 -44.55 2006.93 

United Arab 

Emirates 
-40.94 -57.76 62.10 -93.50 -100.75 -94.20 

United 

Kingdom 
-29.54 169.73 898.98 -64.35 2940.06 1563.07 

United 

States 
5.92 83.72 31.54 37.13 76.78 -101.33 
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Table 6: Average import mis-invoicing as a percent of total imports by major 

commodity groups for major trading partners between 2008 and 

2016 

Country Vegetable FoodProd Chemical Metals MachElec Transport 

Australia -1219.45 67.34 85.02 94.77 70.65 -89.10 

Austria  18.39 -117.08 -19.09 -102.41 -1345.30 

Belgium -106.86 -106.25 -494.41 9.33 15.58 -485.02 

Brazil 84.69 61.99 -50.80 28.51 57.09 52.12 

Canada -25.13 71.52 54.12 -7.86 25.20 -3278.51 

China 35.04 50.85 45.60 38.25 37.31 29.81 

Cyprus  72.32 24.24 -62.88 30.71            

Czech 

Republic 
-9646.80 -145.72 71.99 -319.76 28.28 -332.77 

Denmark 32.98 28.29 77.15 41.29 -14.25 -727.27 

Egypt 44.32 34.68 -20.19 53.59 -23.31 6.41 

Estonia   -5.61 66.70 -58.16 -1594.75 

Finland   95.69 85.43 23.65 -1162.56 

France 63.33 -39.27 -252.50 63.38 26.93 -78.01 

Germany 11.02 -19.41 28.60 28.27 20.35 31.97 

Greece 33.53 14.48 14.46 10.98 -45.55 78.70 

Hong Kong, 

China 
 81.70 100.00 32.68 77.40 100.00 

Iceland     98.94            

India 69.35 81.42 7.50 32.15 39.10 36.68 

Ireland 79.09 -2265.17 0.91 -131.70 74.58 -656.19 

Israel 13.27 -1.37 52.99 20.22 6.54 -90.27 

Italy 92.86 42.10 67.37 26.69 7.10 45.23 

Japan   48.50 45.93 75.41 82.64 

Korea 2.54 20.09 -27.56 63.63 50.19 47.53 

Latvia 45.96 -53.32 96.31  -697.84            

Lithuania   -160.47 65.50 -818.50 -15057.01 

Luxembourg    38.82 -4508.21 -176.54 

Malta  99.34  -640.13 -537.45            

Netherlands 15.56 7.54 53.78 23.00 -68.52 -396.83 

New 

Zealand 
16.09  43.92 72.28 65.55 100.00 

Norway  -1998.80 91.51 -17.68 -37.88 -1128.40 

Portugal 17.67 10.94 -219.14 43.19 -0.89 -513.83 
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Country Vegetable FoodProd Chemical Metals MachElec Transport 

Russia -508.32 67.83 -665.88 41.88 -918.43 -466.76 

Singapore -450.56 -4891.20 57.35 27.01 16.38 -1580.43 

Slovak 

Republic 
  -1733.14 -214.64 -24.33 -392.90 

Slovenia   -372.13 -701.64 36.94 81.04 

South 

Africa 
-32.00 38.36 18.42 47.38 -0.58 40.09 

Spain -15.73 27.38 31.43 23.66 13.12 16.01 

Sweden 5.56 80.08 39.85 51.44 55.33 47.37 

Switzerland 99.46 17.96 -10.75 -27.06 38.12 -73.93 

Thailand 37.94 62.83 39.29 18.96 55.46 83.76 

Turkey 42.06 38.60 11.56 17.85 19.07 14.87 

United Arab 

Emirates 
81.42 61.32 50.88 45.29 76.93 29.30 

United 

Kingdom 
45.67 25.97 10.57 24.80 -66.40 -106.12 

United 

States 
32.01 47.29 82.14 70.47 68.40 -306.10 
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Table 7: Average trade mis-invoicing as a percent of total trade by major 

commodity groups for major trading partners between 2008 and 

2016 

Country Vegetable FoodProd Chemicals Metals MachElec Transport 

Australia -27.83 17.14 1499.68 16408.79 505.66 6154.15 

Austria  89.03 -33.60 1644.49 8.28 -293.89 

Belgium 6.56 -4.13 -43.81 143.21 113.40 -50.42 

Brazil 236.73   75.81 378.88  

Canada 19.44 19.50 305.75 22.57 115.04 80.92 

China 1.75 116.62 103.18 78.63 67.36 82.61 

Cyprus       

Czech 

Republic 
79.41 529.65 4627.12 -39.21 147.36 1007.79 

Denmark 100.49 35.43   -2.93 13.86 

Egypt 34.94 198.06 -15.43 315.59 49.20 191.64 

Estonia       

Finland   17650.41 2019.16 118.84 333.29 

France 34.49 -15.90 -56.10 263.83 51.31 -20.99 

Germany -32.59 -5.36 62.66 48.61 35.65 53.38 

Greece -20.19 40.00 27.57  6.40  

Hong Kong, 

China 
  221.76 -35.56 11632.35  

Iceland       

India 152.65 2896.42 22.60 66.74 84.46 -36.21 

Ireland 42.09  15.53 16121.80 598.44 0.30 

Israel -32.79 95.47 326.85 294.26 25.28  

Italy 180.09 154.00 589.63 44.89 10.68 162.27 

Japan   128.92 172.63 329.18 975.87 

Korea 0.72 131.96 85.52 684.75 121.56  

Latvia       

Lithuania       

Luxembourg     -64.80  

Malta       

Netherlands -206.15 54.75 382.51 51.85 15.51 -73.68 

New 

Zealand 
10.59  1552.18 3286.10 282.82  

Norway  69.18  1184.15 65.55 -110.94 

Portugal -23.06      
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Country Vegetable FoodProd Chemicals Metals MachElec Transport 

Russia 81.32    97.36  

Singapore -622.02  19.82 -64.76 73.06 29.75 

Slovak 

Republic 
   -39.28 -13.58  

Slovenia     145.22  

South Africa -19.94 141.38 42.87 131.15 4.47 82.52 

Spain -27.03 153.60 53.23 80.80 31.23 144.52 

Sweden -15.98 93.00 94.65 570.47 269.85 234.94 

Switzerland 40.53 5.96 -1.09 1838.50 102.83 54.63 

Thailand 95.50  69.96 434.12 139.23  

Turkey -0.80 312.84 41.15 31.63 42.72 21.56 

United Arab 

Emirates 
4.27 552.74 511.34 304.11 284.68 510.28 

United 

Kingdom 
-48.66 12.47 21.92 75.31 -24.59 -16.82 

United 

States 
35.13 193.47 1080.66 301.97 413.17 1904.79 
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Examining Households’ Willingness to Pay for a Reliable 

and Sustainable Urban Water Supply using Interval 

Regression Analysis: The case of Addis Ababa1 

 

Bizuayehu Gossa Tadesse2 

 

Abstract 

 

Access to reliable and sustainable water is one of the major problems facing 

households in Addis Ababa city. Improving the water supply of the city requires a 

huge capital investment while the current water tariff system operates below cost 

recovery levels. Developing a better water tariff is critical for the improvement and 

sustainability of water supply services but much depends upon household Willingness 

to Pay (WTP), This research has aimed to estimate the interest and ability to pay for 

a reliable and sustainable water supply in Addis Ababa. It has also tried to examine 

the challenges to providing a sustainable water supply. To achieve these objectives, 

a household survey was made using the Contingent Valuation Method (CVM) 

through Double Bounded Dichotomous Choice format. Key informant interviews 

with higher officials and selected experts was undertaken with supplementary 

secondary data collected from the water utility and other relevant institutions. The 

results were analyzed through descriptive and econometric analysis using an interval 

regression model. The results showed that the current water supply met only 58% of 

the city’s demand and a majority of households (82%) were dissatisfied with the 

service. 99% of sampled households indicated they were willing to pay a positive 

amount for proposed water improvement programs. The calibrated mean willingness 

of the sampled households to pay was 56.7 cents/jirican, if they could be provided 

with a reliable and sustainable water supply. In regard to the determinants of 

household willingness to pay, ten variables, satisfaction, reliability, quality, 

household perception about the current water tariff, attitude towards responsibility 

of improving water services, age, family size, income, wealth and education level, 

were found statistically significant and possible policy variables. The mean 

 
1 Acknowledgements: The author wishes to thank AAWSA for funding his MSc study 

and to acknowledge the invaluable advice and comments from Dr. Zerayehu Sime Eshete, 

Assistant Professor of Economics, Addis Ababa University  
2 Department of Development Economics, Debre Markos University, in Collaboration 

with Yom Institute of Economic Development, Addis Ababa, Ethiopia. Email Address: 

bizugossa@yahoo.com 
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willingness to pay is much higher than the current tariff and cost of providing the 

service. The government is, therefore, recommended to launch different water 

improvement projects to improve the water supply and at the same time design and 

implement a new water tariff based on the principle of full cost recovery.  

 

Keywords: Willingness to Pay, Reliable and Sustainable Urban Water Supply, Contingent 

Valuation Method, Double Bounded Dichotomous Choice, Interval 

Regression 

JEL Codes: C18 D12 L95 Q21 Q25 

 

 

 

1. Introduction 

 

An adequate supply of safe and clean water is the most important 

precondition for sustaining human life, for maintaining ecosystems that support life 

and for achieving sustainable development (Topfer, 1998). And providing adequate 

and safe water to the people at the right location and at an affordable price is one of 

the main problems for developing countries. Most of the people of these countries 

depend on unsafe, expensive and inconvenient water services, and all-too-often, 

even people who do have piped connections do not get enough water. Ethiopia, 

which is described as “the water tower of Africa” uses only about 3% of its water 

resources, and of this only about 11% (0.3% of the total) is used for domestic water 

supplies (IWMI, 2010). Only 57% of the population of Ethiopia had access to safe 

drinking water at the end of 2015 (UNICEF and WHO, 2015).  

The situation of Addis Ababa, the capital city of Ethiopia, is no different 

from the prevailing conditions of the country. It has been affected by the lack of 

any reliable water supply like other urban centers in the country. The city 

administration has been undertaking a number of initiatives to address the 

challenge and has certainly made changes, but its efforts have been affected by 

increases of population and both physical and financial resource limitations. 

Water demand outstrips supply, and the existing potable water supply of the city 

cannot satisfy the demand.  

This affects the life of city dwellers in various ways. When disruptions 

occur in service provision, poor households are the most affected as alternative 

sources are too costly, both in terms of money and time. The cost of water from 

vendors at up to 200 times the tap price (UN-HABITAT, 2003). Currently, both 
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the frequency and the duration of water service interruptions are surprisingly high 

in different areas of the city. Addis Ababa Water and Sewerage Authority 

(AAWSA), note that when there is a critical water disruption, households are 

paying up to 20 Birr/jirican3 to buy water from vendors. Although UN-HABITAT 

(2003) and the 2007 national census state that more than 98% residents of Addis 

Ababa have access to safe drinking water, this changes when cost, availability 

and time are looked at together. 

 These basic facts underline that access to reliable water remains one of 

the major problems facing households in the city. Among the most important 

strategies proposed to improve the water supply of Addis Ababa are increasing 

water production by developing ground water sources in the short-term; 

developing surface water sources in the medium and long term; decreasing Non-

Revenue for Water (NRW); and upgrading water supply distribution networks. 

These are major tasks requiring huge capital, and AAWSA emphasizes, that the 

current tariff system doesn’t even allow it to collect sufficient revenue to cover 

its operation and maintenance (O and M) costs. So far, the government has 

shouldered most water delivery costs incurred, an approach which it is claimed 

leads to inefficient water resources management.  

Failure to design a proper pricing policy for water services has resulted 

in under-investment, poor maintenance, slow progress in extending coverage, and 

wastage of water. The provision of an improved water supply is neither cost free 

nor sustainable unless costs are recoverable. Sustainability can only be ensured if 

tariffs generate enough resources to operate the system, finance expansion of the 

service to new customers and ultimately replace the infrastructure when necessary 

(IRC, 2001). Indeed, this is underlined by the Ethiopian Government Water 

Resources Management policy’ of 1999. In other words, producing a policy to 

develop a better water tariff, enabling the city water utility to become financially 

strong by examining willingness and ability to pay, is critical for the improvement 

and sustainability of water supply services. The evaluation of Willingness to Pay 

(WTP) is useful for policy makers in making efficient investment decisions as 

well as for designing acceptable and reasonable pricing policies for sustainable 

management and provision of water services that will improve the welfare of 

society.  

 
3 Jirican is the local name for the plastic containers which are commonly used to collect 

water. They have a capacity of about 20 litres of water. For simplicity, the WTP questions 

of this study were also asked per jirican. 
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This study has tried to assess the level of households’ WTP for reliable and 

sustainable water supply, as well as the major factors that influence WTP through 

a CV survey and an interval regression model. Different studies, including those 

assessed in the empirical literature review, were conducted in line with WTP for 

improved water supplies services in other countries and in different rural and urban 

areas of Ethiopia. I am not aware of any previous study applying an interval 

regression analysis to estimate factors affecting WTP for reliable and sustainable 

water service and the amount of money that households of Addis Ababa city are 

willing to pay. In addition to this WTP elicitation format, the use of Double 

Bounded Dichotomous Choice (DBDC) and of a hypothetical bias calibration 

strategy also make this study unique. The specific objectives are to examine the 

current situation of demand for and supply of water in the city; identify the major 

challenges and causes that affect a reliable and sustainable water supply service; 

and estimate the mean value and major determinants of households’ WTP for 

reliable and sustainable water supply services in the study area.  

Generally, the low tariff together with inadequate investment from 

government makes it difficult for the authority to supply potable water as per 

demand. The basic aim of this paper is to show how the government can fix the 

issues of policy failure and inefficiency that have led to the current deficit in water 

supplies. The fact that households suffer socioeconomic losses from unreliable 

water supplies leads to the point where many city residents may be willing to pay 

higher tariffs if that ensures improved water supplies. So, examining households’ 

Willingness to Pay for water will provide useful information for policy makers. 

The issues addressed here are therefore of significance for policy makers, 

providing insight about the gap between existing water charges and the maximum 

value consumers are willing to pay, with implications for improvement and 

sustainability of water supply services. 
 

2. Literature Review 

2.1 Sustainable and Reliable Water Supply: Concepts, Challenges and 

Approaches 

 

Sustainable water management (SWM) is defined as meeting current 

water demand for all water users without impairing future supply (Mays, 2006). 

More specifically, SWM is expected to contribute to the objectives of society and 

maintain ecological, environmental, and hydrologic integrity (Loucks, 1999). 
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Sustainable development and SWM are inherently related due to the requirement 

of water for development and UN-Water explains the integration of SWM and 

sustainable development as: “Water is at the foundation of sustainable 

development as it is the common denominator of all global challenges: energy, 

food, health, peace and security, and poverty eradication” (UN-Water, 2016). 

A reliable water supply is a regular, steady or uninterrupted safe water supply. 

An uninterrupted stream of drinkable water flowing from an urban consumer’s 

faucet is, perhaps, how most people perceive and understand water supply 

reliability. Consumers experience the failure of this supply as unreliability. In 

either case, water supply reliability has become an expected part of modern urban 

living. Perceptions of reliability are common to other types of demand and supply, 

and engineers have formalized this perception by defining reliability as the 

probability that system does not fail, or conversely, that it is the probability of 

system failure subtracted from one (Hawk, 2003). 

Sustainable development in urban areas requires reliable, equitable, and 

easily accessible, water, but providing this for rapidly growing urban populations 

in developing nations creates complex logistic and economic problems. Urban 

water system sustainability faces challenges linked to physical resources, 

infrastructure, and socioeconomic conditions. Some of the critical factors involved 

in urban water supply shortages are population growth, rapid urbanization, lack of 

capacity, technological capacity, institutional capacity, inadequate financing, 

increasing global water scarcity, high level of water loss/leakage, climate change, 

and poor water infrastructure and distribution systems (Khatri (2007), Yimer 

(1992), Wallace S, Grover (2008), WSP (2009), Montgomery and Elimelech 

(2007), UN-HABITAT (2006), and Oyebande (2001)). 

Improving water efficiency requires a multi-faceted approach that 

considers wider social issues and values as well as physical and technical 

concerns. Water efficiency can be improved by investing in physical 

improvement in infrastructure and technology, fostering changes in user 

behavior, and developing integrated improvements in water management 

(WSSD, 2002). Alternatively, Mani (2000), underlined the supply and demand 

aspects for reliable and sustainable water supply, focusing on technical elements 

and monopolistic public service delivery. While supply orientation is found to be 

economically inefficient and socially inequitable, a demand-oriented approach 

focuses on service consumers’ needs and a WTP full costs of services, 

competitive markets, and allows broader participation of the private sector, non-



Bizuayehu Gossa: Examining households’ willingness to pay for a reliable and sustainable urban water… 

 

 

 

54 

governmental organizations and community-based organizations. This approach 

is potentially more economically efficient as it increases social responsibility. 

According to the World Bank, governments need to adopt a “demand-driven 

approach” in which utilities “deliver services that people want and for which they 

are willing to pay” (WB (1993). There are two key ideas underlying the demand-

driven approach (Gulyani, 2001). First, utilities can and should charge the full 

costs for water and use the revenues to improve service and expand coverage. 

Secondly, to do this, utilities and planners need to understand and respond to 

demand. In other words, by pricing water effectively and responding to demand, 

governments and planners would be well on the way to solving the problem. 

 

2.2 Economic Valuations of Environmental Resources: Concepts and 

Methods  

 

Economic Valuation is about “measuring the preferences” of people for 

an environmental good or against an environmental failure. The economic value 

of any environmental goods or services is measured by a summation of 

individuals’ willingness to pay (WTP). In economics, WTP is the maximum 

amount an individual is willing to sacrifice to procure a good or avoid something 

undesirable. The most common definition of WTP is the one which states that: 

“WTP is the maximum amount that an individual state they are willing to pay for 

a good or service” (DFID, 1998). 

The term ‘value’ has many meanings which may be used in different 

senses. Depending on circumstances, economists place total economic value 

(TEV) on either stocks or the flow of natural resources. TEV is divided into use 

value and non-use value. So, total WTP for environmental resources is the sum 

of use value and non-use value (Tietenberg, 2003). Hence, TEV of water is made 

up of use and non-use values. Environmental goods are not traded, so their value 

cannot be determined in the market. Economists have made considerable efforts 

over the past few decades to value environmental goods and services, and today 

various methods are available to value non-marketed resources such as water. 

According to Thomas and Callan (1996), these can be broadly grouped under 

indirect (revealed preference) and direct (stated preference) methods. The indirect 

method involves inferring the unobservable demand, and hence the value of 

environmental goods and services, based on observable demand for related 

marketable goods and services. The direct method refers to the direct expression 
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of individuals’ willingness to pay or accept in compensation for any change. It 

involves direct estimation of an environmental value based on the responses of 

individuals to hypothetical valuation questions, and so does not depend on market 

information (Freeman, 1993). WTP estimation methods used to measure the 

economic value of non-marketed resources can be summarized as presented in 

Figure 1. 

 

Figure 1: Environmental Resource Economic Valuation Methods 

Adopted from Stephens, 2010 

 

The Contingent Valuation Method (CVM) is the earliest technique of the 

stated preference of non-market valuation approaches. It involves asking people 

directly what they would be willing to pay or willing to accept in compensation 

for change in preferences. This method is called CV as it is contingent on the 

hypothetical market. It is the most preferred as it deals with both use and non-use 
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values and the survey responses to WTP or WTA hypothetical questions relate 

directly to the monetary measures of utility change (Perman, 2003). Ciriacy-Wans 

S.V (1947) first proposed the CV survey method as a method of valuation for 

non-marketed environmental public good, though the first empirical research, in 

valuing outdoor recreation, was done in 1963 by Robert K. Davis. Since then the 

CV method become one of the most widely used valuation approaches in water 

services, air pollution, soil erosion, deforestation, biodiversity, watershed 

management and ecosystem valuation (Whittington, 2002). 

CVM is superior to other valuation methods as it is able to capture use 

and non-use values. Other methods like the Hedonic Pricing and Travel Cost 

method tend to underestimate the satisfaction derived from services rendered 

since they measure use values only. As Freeman (1993) noted, since non-use 

values could be larger in certain cases, using measurement techniques that capture 

only use values underestimates the total derived values. The other reason for using 

CVM is its ease of data collection and requirement compared to other valuation 

methods. These points make it clear CVM is the appropriate method to measure 

the TEV of reliable water supply. That is why in 1979 the U.S.A. Water Resource 

Planning Council recommended CVM as an acceptable method for estimating the 

benefits of water projects (Young, 2005). Taking the advantages and 

disadvantages of different measurement tools into consideration, the researcher 

identified CVM as the most appropriate method for valuing a reliable and 

sustainable water supply for Addis Ababa city. 

The application of the method, however, requires extreme care to obtain 

reliable results. Despite its wide application, CVM suffers from a number of 

biases, including hypothetical, information, strategic, sampling, circumstantial, 

present generational, and instrumental biases, as well as those arising from 

respondents’ efforts to please interviewers or bias due to partials (Tisdell, 1993). 

These potential biases make the reliability of the method questionable. 

Nevertheless, well-designed and soundly executed CVM studies can provide high 

quality and policy relevant information, and to minimize potential biases and 

ensure reliable information from CVM studies it is necessary to design with care 

survey instruments including the use of focus group discussions and pre-testing 

and use well-trained and experienced interviewers (Whittington, 2002). 
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2.3 Empirical Literature Review 

 

The CVM, has been successfully employed in many studies of valuing 

public goods like water resources in developing countries. It was utilized by 

Ibrahim A. and Robert H. (2010) to obtain estimates of WTP for improved 

domestic water supply services from 525 urban, rural and camp refugees sample 

respondents for current and future generation in the Ramallah Governorate, 

Palestine. With a dichotomous choice as well as open-ended follow-up questions 

to model individual WTPs the result from Tobit and OLS econometric models 

showed that the mean annual WTP of total economic value of improved domestic 

water supply services was about NIS 627 per annum.  Similarly, Farolfi (2007) 

did a study on the determinants of Swaziland households’ WTP for an 

improvement in water quality and quantity using CVM. A sample of 374 (127 

rural and 247 urban) was surveyed. A Tobit model was applied to explain 

household preferences for quality and quantity of domestic water supply. The 

result confirmed that household income had a positive and statistically significant 

impact on WTP. Distance to the water source was positively associated with WTP 

regardless of location (urban or rural) or of the household head’s age, education, 

and gender. Current water consumption was also statistically significant for WTP 

for improved quantity, but with a negative sign, implying that the more a 

household consumed water, the less that household was WTP to have improved 

water quantity.  

Samuel et al. (2005) used the CVM questions where 106 households were 

asked using an open-ended elicitation method to determine the economic value 

of basin protection to improve the quality and reliability of potable water supply 

in Ecuador. The empirical result from a Tobit model indicated that households were 

WTP an average of $5.8 per month, a 25 percent increase in the monthly water bill, 

to preserve the basin. The main variables found to affect the WTP were the existing 

monthly water cost, perception of the fairness of the existing water tariff, the 

number of hours the service was available and the gender of the individual 

interviewed. Likewise, Montes de Oca G.S (2003) did a study on assessing the 

WTP for maintained and improved water supplies in Mexico City, using CVM. 

This revealed that poorer households were primarily concerned with securing 

reliable services, while wealthier households, which were already enjoying better 

services, were WTP higher amounts to avoid service deterioration than 

improvements. The study demonstrated that WTP results could be used to create 
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an equity-based policy of water tariffs reflecting income distribution. The aggregate 

WTP amounts showed the authorities could collect sufficient resources for both 

service modernization and a reduction of the existing subsidies by about 70%. 

In Ethiopia, there have been different studies undertaken in different towns 

and years in relation to households WTP for the urban water supply improvements. 

Fisseha (1997) used a CV survey to estimate the WTP for better water quality, using 

266 respondents, in Maki town. A multinomial ordered probit model was used to 

analyze the households’ WTP response. Half of the respondents were dissatisfied 

by current water quality; and need better water quality provision with higher 

charges Income, time spent on fetching water, education, occupation and number 

of domestic animals owned had a significant impact on WTP. Genanaw (1999) 

employed CVM to assess the determinants of households WTP for improved water 

services in Harare. The study showed that WTP varied significantly according to 

the household level of income, educational level, and sex of the household head, 

the starting point of the bidding game, the main source of water for the household 

and the perceived quality of the existing water supply. The study also revealed that 

the mean WTP for private piped improved water connection was more than 15 

times the existing authority’s tariff rate. 

Alebel (2002) did a study on determinants of WTP for improved water 

service in the urban of Nazareth (Adama) and to find out whether it was possible 

to introduce a full cost recovery program. He used CVM to examine the 

determinants of WTP and a bidding game as value elicitation method. He also 

used a Censored LAD (Least Absolute Deviation) estimation for the empirical 

analysis. He used the Probit model to see the effect of the explanatory variables 

on the choice of the household for the improved water service. The Censored 

LAD estimation result showed gender, income, monthly expenditure for water 

consumption, quality and time taken to fetch water from existing sources, 

significantly affected respondents WTP. The Probit estimate result showed that 

wealth, income, education level, and the quality and time taken to fetch water 

from the existing household source also affected the choice of the respondents to 

an improved water service. The descriptive analyses result revealed that the mean 

WTP for improved water service was higher than the existing tariff. 

Similarly, Gossaye (2007) employed the CVM to investigate the WTP 

for improved water supply services in Debre Zeit town. Data from 234 randomly 

selected households were used. From the survey, 99.57% of respondents used 

piped water. However, only 10.26% of respondents were satisfied with the status 
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quo. The result showed that all respondents were willing to pay above the existing 

tariff level, though the amount varied from individual to individual. The survey 

results also showed that the mean WTP for one bucket, or 20 litres, of improved 

water service was 10.2367 and 4.786 cents, according to the dichotomous choice 

and open-ended survey responses respectively. The result of both Probit and OLS 

econometric models revealed that age, household size, reliability and income 

variables influenced households’ WTP for improved water service. A similar 

WTP study was undertaken in Mekele town by Kinfe, (2011). He used a Heckman 

Two-Step Estimator to identify socioeconomic characteristics and water use 

practices that affected the amount of money households were willing to pay for 

the proposed improvement in water supply service. After analyzing the Tobit 

model, he found the monthly income of the household, price per bucket of water, 

household water purification practices, and wealth of the respondent, had positive 

and significant effects on the WTP for improved water service. He also found that 

the respondent’s marital status had a negative and significant effect on the WTP 

for an improved water supply service. 

Yibeltal (2011) also conducted a study using a CV survey on households’ 

demand for improved water supply service in urban areas of Ethiopia, using 

Motta town as the case study. He used a Double Bounded Dichotomous Choice 

(DBDC) value elicitation format. The study used cross sectional data collected 

from 220 randomly selected sampled households. The CV survey responses were 

analyzed through descriptive and econometric analysis using Probit, bivariate 

Probit and Tobit as empirical models. The results showed that the existing water 

source, initial bid offered to the households, age, sex and responsible organ for 

provision of improved water services had a negative effect on the probability of 

households’ WTP for improved water services in the Probit model; at the same 

time, they also had a negative influence on the maximum amount they were 

willing to pay in the Tobit model. On the other hand, education, income, wealth, 

quality of water being used, reliability of existing services, years of residence, 

time taken to fetch water from existing sources and levels of satisfaction with 

existing services, positively affected the probability of accepting the initial bid 

offered for improved water services and the maximum amount that they were 

willing to pay. 

Fekadu (2011) assessed households’ WTP for improved water supply 

services in Holeta town using CVM. A total of 141 sampled households were 

interviewed during the survey, along with together with group discussions and 
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key informant interviews. The survey results showed that if the town’s water 

supply office provided an improved water supply more than 80% of the 

households were willing and able to pay for the service at a price higher than a 

cost recovery tariff rate. Correlation results showed that income and household 

size significantly affected households’ WTP. Similarly, Dessalegn (2012) 

conducted a study on factors determining residential water demand in north-

western Ethiopia, in Merawi town. The data was collected from 200 households. 

Descriptive statistics were used for descriptive results. Logistic regression and 

standard multiple regression analyses were also used to determine the factors 

explaining households’ water source choice decision and the determinants of 

residential water demand of the surveyed households. The analysis pointed out 

that monthly expenditure, housing ownership, and educational status of the 

household head were statistically significant predictors of the households’ 

decision to have a private piped connection. 

Belaynesh (2013) did a study on households’ demand for improved water 

service in Sodo town using CVM and a bidding game elicitation format with a 

single bound close-ended question followed by open-ended follow-up questions. 

Data was collected from 160 household heads using face-to-face interview. Both 

descriptive and econometric data analysis techniques were used to analyze the 

data. Results of the descriptive analysis revealed that of the total sample 

households, 47.5% had private connections. However, only 18.49% households 

were satisfied with the status quo. About 99.37% of sample households wanted 

improved services and almost 94% of households expressed their WTP for the 

proposed scheme of improved service in the town. The empirical result of the 

Probit model suggested that whether the household was willing to pay for the 

improved water supply service or not was affected by house ownership, years of 

residence, the source and quantity of water used each day, the time loss to fetch 

water and the initial bid price. In the Tobit model, gender of the household head, 

level of education, level of satisfaction and initial bid price were found to 

determine the amount of money an individual would spend on WTP.  

Recently Tamirat (2014) used CVM to estimate households’ WTP for 

improved water services and identify the potential factors affecting this in Dilla. 

The CV survey was made using 132 randomly selected households. The data were 

collected through a single-bound dichotomous choice format followed by open-

ended questions. He employed two econometric models, Probit and Tobit models, 

to analyze the data together with descriptive analysis. The result revealed that from 
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the total sampled households 93.94% were willing to pay a positive amount for the 

water improvement program. The mean WTP for a jirican (20 litres) of improved 

water from both close-ended and open-ended questions was found to be 18.96 and 

21.29 cents respectively. Both values were much higher than the current water tariff 

of the town. The findings of his study also revealed that households’ monthly 

income, sources of water, occupation, and the wealth of respondents positively 

affected households’ WTP, while households’ family size, quality of water and bid 

value offered to the respondents, negatively affected their WTP.  

In general, from these researches it seems households were commonly 

willing to pay more for improved water supply services. Most of the respondents 

were dissatisfied with their current water services. If the utility suppliers were 

prepared to provide improved water supplies, households showed their WTP 

above the existing tariff. However, the existing water supply situation and 

socioeconomic characteristics of the respondents affected their WTP. This 

empirical literature also shows that CVM was the widely used method of 

valuation proving it is a useful tool for valuing non-marketable goods like water 

services. The reviewed studies also show the various researchers used CVM with 

Logit, Probit and Tobit econometric models; none tried to use other methods 

which might be appropriate to estimate household WTP for improved water 

services. This researcher has employed a different method of estimating WTP for 

a reliable and sustainable urban water service, an interval regression model. He 

has also employed the Double Bounded Dichotomous Choice (DBDC) WTP 

elicitation format and a hypothetical bias calibration strategy in this study. 

 

2.4 Conceptual Framework of the Study 

 

In this study, the hypothetical reliable and sustainable water service to be valued 

can conceptually be defined as the provision of potable water for 24 hours every 

day with sufficient amount and pressure. Simply, availability when needed is 

considered as a proxy for a reliable water service, while a long-lasting reliable 

water supply system or receiving continuing benefits from the proposed schemes 

is considered as sustainability. To show the general framework of the study, the 

following conceptual framework chart was designed on the basis of the 

theoretical and empirical literature reviews. 
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Figure 2: The linkage among reliable and sustainable urban water supply, WTP, better water tariffs and rapid and 

sustainable urban development (Source: Author, 2016). 
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One way to express demand for water is through WTP. Studies around 

the WTP explore what levels of service and quality people want and what price 

they are willing to pay. Different factors influence the customers’ WTP. Based 

on the related reviewed empirical studies, the basic factors that affect households’ 

WTP for improved water supply can be summarized as follows.  

 

Figure 3. Selected factors having an influence on the households’ WTP for 

reliable and sustainable water supply 
 

 
Source: Author, 2016) 
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factors, a household’s income level, wealth status (which could be proxy through 

the owning of a fixed asset like a house) and education levels, have a positive 

relationship with the WTP for water supply. The effects of family size, sex and 

age composition of the household, however, remain controversial as their effects 

differ from place to place according to the physical, cultural or social context of 

the area under consideration. Here all these independent variables are tested 

against data collected from sampled households.  

 

3. Methods of the Study 

3.1 Description of the Study Area 

 

This study was conducted in Addis Ababa. The city was established in 

1887 by Emperor Menilek II and gets its name from Queen Taytu, meaning “new 

flower” in the national language. It is the largest city of the country with a 

population of around 4 million and an area of 540 km2. It is the capital city of 

Ethiopia and hosts the headquarters of the African Union, the United Nations 

Economic Commission for Africa (UNECA) and other continental and 

international organizations. It is a self-governing, chartered city with three layers 

of government, the city itself, and 10 sub cities and 116 woredas (districts). 

Geographically, the city lies between 9º 1' 48'' N latitude and 38º 44' 24'' E 

longitude. It is located in the center of the country at an altitude ranging from 

2,100 meters at Akaki in the south to 3,000 meters at Entoto Hill in the north. Its 

temperature is mild and warm, ranging between 20oc and 25oc, with an average 

annual rainfall of 1250mm. It was the first city in Ethiopia to get the opportunity 

of a modern pure water supply system, nine years after the establishment of the 

city, when a tap water line installation was provided to Menilek II’s palace with 

the help of European foreigners. Eight years later some areas of the city were also 

given a water supply system using the Kebana river which runs down from the 

Entoto Mountains. At the time, this was considered miraculous, but today almost 

all city residents have access to a potable water supply. 

This is provided by the Addis Ababa Water and Sewerage Authority 

(AAWSA), the sole supplier. AAWSA was established as an autonomous body 

by order No. 68/1971 issued on 26 February 1971 and re-established by 

Proclamation No 10/1995 with a wider mandate and greater power as an 

independent public authority under the city administration. AAWSA now has two 



Ethiopian Journal of Economics Vol. XXVIII No 1, April 2019 

 

 

 

65 

main responsibilities. These are: to provide a safe and adequate water supply; and 

to provide sewerage and sanitation services to the people within the limits of 

Addis Ababa. The Authority has its headquarters’ offices, eight branches and a 

project office. While the city is divided into 10 sub-city areas for administrative 

purposes, there are 8 utility branch areas responsible for the operation and service 

provision of water supply and wastewater disposal. The 8 utility branch 

boundaries and the 10 sub-city boundaries are shown in Figure 4. 
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Figure 4: A map showing boundary of the 10 Sub-cities of Addis Ababa /right/ and the 8 Utility Branch areas /left/  

 

 

 

 

 

 

 

 

 

 

 

 

Source: AAWSA, 2016 
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3.2 Type and Source of Data 

 

Both primary and secondary data sources were used to get the necessary 

information for this study. Primary data was collected using questionnaires and 

key informant interviews. To gather information from sampled households, face-

to-face personal interviews were administered using well-structured contingent 

valuation/CV/ questionnaires. To expand the information and produce reliable 

data, the study also used structured interviews with the concerned professionals 

and officials from AAWSA. Information from the survey and interviews was also 

supplemented with secondary data gathered from both published and unpublished 

material including office records and reports, journals, research papers, and 

books. 

 

3.3 Samples and Sampling Techniques 

 

The data was gathered from a random sample survey of households 

which had their own tap water connection used only for domestic purposes. Based 

on the June 2016 bill data of AAWSA, in Addis Ababa there are 380,989 (84%) 

domestic water customers, the population of the study. As it is difficult to 

incorporate and analyze the WTP of all these domestic customers, an appropriate 

sample was taken. There are several approaches to determine an appropriate 

sample size. For the case of large populations, the commonly used Cochran’s 

equation can yield a proportional representative sample, and the sample size 

determination of this study, 384, was based on this formula (Cochran, 1963). This 

took into account the resemblance of the sampled households, as well as resource 

and time limitations. Regarding the sampling technique, a multistage sampling 

technique was used: four sub-cities were selected as a first stage, then one woreda 

from each sub-city, and finally households within the selected woredas. The 

selection was mainly carried out on the basis of the current water supply situation. 

To test impact, the socioeconomic diversity of households was taken into 

consideration in selection of sample areas. 
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Table 1. Distribution of representative sample of domestic customers in the 

study area 
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2 Arada Wereda 06 5-6 days Less serious 2922 86 

3 Yeka Wereda 02 2-4 days/ Serious problem 3979 116 

4 Gulele Wereda 08 ≤1 day Critical problem 4080 120 

Total 4 4 - - 13,099 384 

Source: Author, 2016 

 

The four representative sub-cities selected were Gulele, Arada, Yeka and 

Bole, with four woredas (one from each sub-city), selected on the basis of the 

specified criteria.  There were 13,099 active domestic customers connected to the 

existing piped water system living in these four woredas. So, the sample frame of 

the study is 13,099 and based on this sample frame, households were sampled 

from each selected woredas proportionally. 

 

3.4 Questionnaire Design and Development 

 

In this study, the researcher has tried to measure the value of the 

hypothetical reliable and sustainable water supply service. As water is one of the 

environmental goods and services, its value cannot be determined in the market 

but a proper non- market valuation technique needs to be applied to value any 

proposed improvement in the water supply service. As shown in the literature 

review, different methods can be used to measure the economic value of non-

marketed resources, but as indicated above, the CVM technique is superior to 

other methods. It is used here as an appropriate method to measure the value of 
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water services, to estimate households’ WTP for improved water supply in Addis 

Ababa. 

The most widely used elicitation formats in CV surveys are broadly 

classified into two basic techniques: open-ended or close-ended questions. In an 

open-ended question, the respondent is asked to state the maximum amount that 

he/she is willing to pay for the good that is being valued. In a close-ended CV 

question (also referred to as a “dichotomous choice” or “referendum” question), 

the respondent is asked whether he/she is willing to pay a specified amount 

presented as the value of the improved service, and the respondent is expected to 

answer “yes” or “no”. Close-ended questions have become the preferred form of 

elicitation question, since they were introduced by Bishop and Heberlein (1979) 

and the National Oceanic and Atmospheric Administration /NOAA/ panel 

recommended their use (Haab and McConnell, 2002). It was therefore used here 

to elicit WTP for water supply services. CV surveys used three major close-ended 

elicitation methods: bidding game, payment card, and dichotomous choice. 

Dichotomous choice is subdivided into Single Bounded Dichotomous Choice 

/SBDC/, (take-it-or-leave it approach) and Double Bounded Dichotomous Choice 

/DBDC/, (take it- or-leave- it with follow-up questions) (Hanley, 1997).  

To arrive at the most rational WTP estimates, CVM studies favor the DBDC 

approach under which respondents are presented with a “follow-up” question in 

addition to the “yes-no” options of the SBDC. This, of course, is contingent upon 

their response to the initial bid: a lower bid is offered if the respondents say no to the 

offered price and, similarly, a yes response is followed by a higher bid. Thus, DBDC 

questions expand the information base of the WTP estimates and may provide a more 

accurate assessment than SBDC (Haab and McConnell, 2002). The number of 

responses is increased so a given function is fitted with more data points; the 

sequential bid offers for yes-no and no-yes responses yields clear bounds to the WTP, 

and finally, for the no-no and yes-yes combinations, there is a gain in efficiency as 

they shorten the distributions where the respondent’s WTP are likely to reside. 

Moreover, the DBDC CVM is asymptotically more efficient than the SBDC model, 

as proved by Hanemann, (Hanemann 1991). Given these advantages, the DBDC 

question format was used here.   

The questionnaire was designed following the NOAA panel guidelines 

for every CV study (Haab and McConnell, 2002), and divided into three basic 

parts: household’s socioeconomic characteristics, existing water supply situation 

in the city, and the household’s willingness to pay for improved water supply 
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questions. After designing the draft questionnaire, pre-testing (pilot survey) was 

conducted by the researcher himself with 50 randomly selected household heads 

from the previously selected four woredas. The pilot survey result was used as an 

input in designing the final survey questionnaire. It was also used to set the 

starting bid for the CV elicitation element of the questionnaire, though during the 

pilot survey the WTP part was open-ended. 

To make clear the good or service going to be valued for respondents, the 

hypothetical reliable and sustainable water service was defined ion the 

questionnaire. Before answering the WTP questions, households were told to 

suppose the authority would  improve the piped water service and be able to 

provide a 24 hour-water supply every day; that the  amount of water would be 

sufficient for their domestic use; the system would be reliable, and they wouldn’t 

need to store water in containers or use water from private wells; their families 

would not need  to spend their money, time and effort in fetching water from a 

distance; and the pressure of the line would be good with no electric motor or 

water storage tanks being necessary. Residents were requested to share the costs 

of the necessary proposed water projects if the community agreed and sufficient 

revenue to recover costs could be generated. On this basis, household ability and 

attitude towards paying for water supply improvement program was calculated.  

 

3.5 Bid Design 

 

The initial bid values were determined on the basis of the results of the 

pilot survey. The researcher used kernel density distribution8 to determine the 

starting bid values. As explained above, to obtain a preliminary guess about the 

WTP distribution, we conducted a pilot study with open-ended questions that 

directly asked the individuals the maximum amount they were willing to pay for 

improved water supply. The range of response varied between 10 cents and 2 

ETB. To fit the observed data points to an underlying probability distribution the 

researcher used non-parametric kernel density estimation and with result 

indicated in Figure 5.  

 
8 In statistics, kernel density estimation (KDE) is a non-parametric way to estimate the 

probability density function f(x) of a random variable X, is a fundamental data smoothing 

problem where inferences about the population are made, based on a finite data sample. 

This technique is widely used in various inference procedures such as signal processing, 

data mining and econometrics (Silverman, 1986).  
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Figure 5: Kernel Density Estimates of stated WTP from the Pilot Study  

 
Source: Own computation, 2017 
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sample WTP is 50. So, taking the arithmetic mean as a reference, it is possible to 

determine the initial bid values by adding and subtracting 10 successively to the 

right and left side of the mean respectively. Based on this method, five starting 

bids of 30, 40, 50, 60 and 70 cents were selected and randomly allotted to 384 

sampled households in the final survey. The follow-up bids were the double of 

initial bids if the respondent answered “Yes” and half of the initial bids if he/she 

answered “No”. Table 2 presents the initial bid values and the bid values in the 

follow-up question. The level of initial bid was randomly assigned to each 

household as recommended by Mitchell (Mitchell, 1989). For simplicity, the 

WTP questions were asked per jirican; jiricans commonly have a capacity of 

about 20 litres of water. 

 

Table 2: Alternative bid values used in the study (cents/jirican) 
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Source: Own computation, 2017 
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3.6 Model Specification  

 

For estimating WTP function using cross sectional household level data, 

we need to specify a proper econometric model. We assume that all households 

face the same prices and improved status of tap water services, and WTP varies 

across households depending on the household socio-demographic 

characteristics, income and the existing status of water services. This allows the 

econometric model for WTP to be specified as: WTPi= 𝛽𝑖𝑋𝑖 + 𝜀𝑖, where: WTPi 

is dependent variable, representing the ith household maximum WTP for the 

proposed water service; Xi is a vector of explanatory variables; 𝛽i is the 

coefficient of variables that affect household maximum WTP, and𝜀𝑖is the error 

term. 

Though there are many factors that could affect the maximum WTP of 

households, only some of the most important explanatory variables were selected 

for the model in the study; others were omitted to avoid multicollinearity and 

irrelevance. On this basis, 15 variables were chosen. 

 



Ethiopian Journal of Economics Vol. XXVIII No 1, April 2019 

 

 

 

73 

Table 3. Variables included in the estimation, their description and expected sign 

No Variable Denotation Description 
Expected  

sign 

X1 
The respondent’s perception about quality 

of the existing water supply 
QLTY 

A dummy variable 1 was specified for households 

which perceive poor quality and 0 otherwise. 
Positive 

X2 Reliability of existing water source REWS 
A dummy variable taking 1 if the existing source is 

not reliable; 0 otherwise. 
Positive 

X3 Pressure of existing water source PRSUR 
Dummy variable 1 if the respondent said water had 

low pressure, 0 otherwise. 
Positive 

X4 
Respondents’ level of satisfaction with 

existing service 
SAT 

Dummy variable 1 if the household is not satisfied 

with existing water service, 0 otherwise. 
Positive 

X5 

Average monthly expenditure for fetching 

water from own and alternative sources 

during absence of water, that is bill plus 

cost of water from vendors. 

WEXP Continuous variable (Birr) Positive 

X6 Households monthly water consumption WC 
Continuous variable 

(in M3) 

Positive or 

Negative 

X7 
Household’s perception on the current 

cost/tariff of water service. 
TARIF 

Dummy variable 1 if the respondent said the current 

water tariff is cheap, 0 otherwise. 
Positive 

X8 

Households perception of responsible 

body for provision of improved water 

services 

RESP 
Dummy variable 1 if the respondent said the 

responsible organ is government and 0 otherwise. 
Negative 
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No Variable Denotation Description 
Expected  

sign 

X9 Age of respondent AGE Continuous variable (in year) Negative 

X10 Sex of respondent SEX 
A dummy variable for sex will be specified as 1 for 

female and 0 for male 
Positive 

X11 Household family size FSZ Continuous variable (in number) 
Positive or 

Negative 

X12 Educational status of the respondent EDU 
Continuous variable (in schooling 

years) 
Positive 

X13 Occupational status of the respondent OCC 

This is a dummy variable taking the value 1 if the 

respondent is employed in government, private 

organization, NGOs, and other related areas; 0 

otherwise. 

Positive 

X14 Household average monthly income MINC 
Continuous variable (in Birr) which is a sum of 

income of the head and other members of the family. 
Positive 

X15 Household wealth status. WLTH 

Ownership of the house is used as a proxy for wealth. 

It is a dummy variable, 1 if the household owns a 

house and 0 otherwise. 

Positive 

Source: Author, 2016. 



Ethiopian Journal of Economics Vol. XXVIII No 1, April 2019 

 

 

 

75 

The full estimable econometric model then is: 

 

WTPi = 𝛽0 + 𝛽1𝑄𝐿𝑇𝑌 + 𝛽2𝑅𝐸𝑊𝑆 + 𝛽3𝑃𝑅𝑆𝑈𝑅 + 𝛽4𝑆𝐴𝑇 +

𝛽5𝑊𝐸𝑋𝑃 ± 𝛽6𝑊𝐶 + 𝛽7𝑇𝐴𝑅𝐼𝐹 − 𝛽8𝑅𝐸𝑆𝑃 − 𝛽9𝐴𝐺𝐸 + 𝛽10𝑆𝐸𝑋 ±

𝛽11𝐹𝑆𝑍 + 𝛽12𝐸𝐷𝑈 + 𝛽13𝑂𝐶𝐶 + 𝛽14𝑀𝐼𝑁𝐶 + 𝛽15𝑊𝐿𝑇𝐻 + 𝜀𝑖 

 

3.7 Estimation Method 

 

The purpose of CVM is to estimate individual WTP for changes in the 

quality or quantity of goods or services. The estimation method depends on how 

the information on WTP is elicited. In the case of open-ended questions a Tobit 

model, or in case of close-ended questions, the Probit or Logit model are the 

appropriate methodologies. But Probit and Logit can be used only for the SBDC 

and since the DBDC method was applied in this study it was not possible to apply 

those estimation methods. 

In the SBDC question format, the respondent is offered a single bid value 

and is expected to answer yes or no only once. But in the DBDC, there are follow-

up questions about the WTP contingent upon the response to the first question. 

The respondent is expected to answer yes or no to the close-ended questions. In 

this study, WTP questions were set up in a DBDC format to elicit a household’s 

WTP through a sequence of dichotomous-choice questions arising from the 

answer to a question such as: “Would you be willing to pay B cents for one jirican 

of improved water?” The opening bid, B, is chosen randomly from a set of 

predetermined values.  

As indicated earlier, the values of initial bids were determined by the 

researcher based on the pilot survey results. That is B∈ [30, 40,50,60,70]. On the 

basis of the response to the opening bid, the respondent is asked a similar follow-

up question, but with a larger bid value, 2B, if he/she answered “yes”, or a smaller 

bid, 0.5B, if he/she answered “no” to the first question. Designate the initial bid 

(bid1), the amount in the first question, B in the above case, as BF; the second 

question (bid2) that would be asked with a higher bid amount as BH (2BF in this 

case); and a lower bid amount (0.5BF in this case) as BL. Given the responses of 

the two questions, the maximum and minimum bid questions, the bounds on the 

WTP depend on the answers to the two questions. DBDC could then have four 

possible interval outcomes:  
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i. Yes and Yes, then WTP ≥ BH, that is BH will be used as the lower bound;  

ii. Yes and No, then BF< WTP ≤ BH, that is BF will be used as the lower 

bound and BH becomes the upper bound; 

iii. No and Yes, then BL< WTP ≤ BF, that is BL will be used as the lower 

bound and BF becomes the upper bound;  

iv. No and No, then WTP < BL, that is BL will be used as the upper bound. 

Where BF stands for first bid, BH stands for higher bid, and BL stands for 

lower bids. 

On the basis of responses to the opening bid and follow-up questions, the 

respondent’s latent WTP would be placed in one of four regions: (-∞, BL), (BL, 

BF), (BF, BH) or (BH, ∞). See Figure 5 below: 

 

Figure 5. The Sequence of DBDC Questioning and formation of WTP bounds  

                                                                   Initial bid (BF) 

                                                      Yes                                  No 

                                                BH                                                   BL 

                                   Yes                No                              Yes                No 

 

                  WTP ≥ BH           BF< WTP ≤ BH       BL< WTP ≤ BF         WTP < BL 
 

Source: Author, 2016 

 

The two-sequence bid offer, therefore, provides a censor or bound of the 

respondent’s WTP. If the respondent’s answer to the initial and the higher bid 

levels are both affirmative, then their WTP is right censored. If the answer to the 

initial and the lower bid levels are negative, then their WTP is left censored. But, 

if both answers alternate in sign, then their WTP is in an interval, with the second 

bid acting as an upper or lower bound to the respondent’s unobserved WTP. In 

such cases the interval data model can be used to estimate the mean WTP and to 

explore the determinants of WTP, (Cameron, 1988). Thus, in this study, an 

interval regression model was applied to estimate determinants and mean WTP 

for improved water supply. The regression analysis was done by using STATA 

version 13.  
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3.8 Calibration Strategy of Hypothetical Bias 

 

CVM is a good method for non-market valuation of environmental goods 

but it suffers from potential biases. To minimize these various methods were 

applied to acquire reliable information: the survey instrument was designed with 

the use of focus group discussions and pre-testing (the pilot survey); face-to-face 

personal interviews were administered with interviewers experienced and well 

trained; respondents were given a careful description of the good under 

consideration and issues they should take into consideration. In addition, the use 

of a dichotomous choice version of the CVM, especially the DBDC, rather than 

asking directly for a respondent’s WTP, also increased the efficiency of the 

research results. Equally, given that the hypothetical bias9, noted in the literature 

survey, could be a key problem affecting the quality of the study, the researcher 

has applied an additional strategy to minimize this bias systematically. 

The discrepancy between WTP and an ability to pay is a hypothetical bias 

that could be explained by uncertainty in responses to a CV survey. Li and 

Mattson (1995) assumed respondents with incomplete knowledge about the true 

valuation of a commodity might give wrong answers to valuation questions that 

did not match their true WTP. In the context of CV surveys, respondents can be 

uncertain about their WTP because they are uncertain about the provision of a 

public good or because they are uncertain about their future income (Wang, 

1997). Therefore, it’s necessary to implement tools that can mitigate hypothetical 

bias in CV surveys. Different studies have used CV to estimate the WTP for 

improved water and these studies show that most household heads are willing to 

pay for this.  However, these studies do not address the hypothetical bias that 

often leads to an overestimation of WTP. This renders the results unreliable for 

policy purposes. Since the provision of potable water for the society is a critical 

policy issue for local government, it is important to mitigate the threat of 

hypothetical bias, something that hasn’t been done in previous DBDC studies on 

water.  

A number of calibration approaches are advocated in the literature and 

have been used to mitigate hypothetical bias in CV surveys. They can broadly be 

 
9 In stated preference valuation surveys, hypothetical bias can be defined as the difference 

between what a person indicates they would pay in the survey or interview and what a 

person would actually pay. Simply put, hypothetical bias in surveys reflects the old saying 

that “there is a difference between saying and doing” (Loomis, 2014). 
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grouped into ex-ante and ex-post approaches. An ex-ante approach is used prior 

to the valuation question. It consists of: (a) reminding the respondents to take into 

consideration their budget before stating their WTP, (b) warning the respondents 

about the existence of the hypothetical bias in CV studies, and explicitly asking 

them to respond to the valuation question as if the payment was real, (c) giving 

respondents time to think over their response to the valuation question, or (d) 

explicitly informing the respondents that they should consider that the results of 

the study will be consequential. The ex-post approach of adjusting WTP 

responses already obtained in a survey addresses hypothetical bias with Follow-

up Certainty Questions (FCQ) after the valuation question. Respondents are asked 

on a pre-defined scale to state how certain they are regarding their answer to the 

WTP question. “Yes” respondents who are unsure about their answers are treated 

as “no” respondents. This recoding approach has proved to be effective at 

mitigating hypothetical bias and has produced promising results in recent years 

(Blumenschein K., 2008).  

In this study, both ex-ante and ex-post approaches were used to mitigate 

hypothetical bias. Using the ex-ante approach, before answering the WTP 

questions, people were asked to consider the advantages associated with the 

proposed scheme and their monthly income, as well as consider on what else they 

might spend money. They were also told that the results of the study would be 

made available to policy makers, and could serve as a guide for future decisions. 

In the ex-post approach, the researcher tried to calibrate the result following the 

approach proposed by Champ, (Champ, 1997). This uses Follow-up Certainty 

Questions (FCQ) to reduce the mean WTP. So “Yes” respondents were asked to 

affirm how certain they were regarding their answers to the WTP question. Using 

a 7-point scale of certainty ranging from 1 (“Very Uncertain”) to 7 (“Very 

certain”), respondents were asked how certain they would be to pay the given 

amount if the program was actually implemented. The WTP responses were then 

calibrated based on the respondent’s feedback for certainty. The calibration 

strategy is indicated Table 4.  
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Table 4: The Calibration Strategy and WTP Bounds in DBDC Elicitation 

with Calibration 

Response 

to First 

bid (BF) 

Response 

to second 

bid 

(BL, BH) 

Certainty 

level to 

first bid 

Certainty 

level to the 

second bid 

Outcome 

WTP bound 

(WTPlowerbound, 

WTPupper 

bound) 

 Yes - >= 5 Yes-Yes (BH, +∞) 

 Yes - < 5 Yes-No (BF, BH) 

 Yes >=5 - Yes-No (BF, BH) 

Yes No < 5 - No-No (-∞, BL) 

No Yes - >=5 No-Yes (BL, BF) 

No Yes - < 5 No-No (-∞, BL) 

No No - - No-No (-∞, BL) 

Note: for yes-yes responses, only the second higher bid response was calibrated because 

it seems logical that these respondents could certainly pay the first bid at least. 

 

4. Empirical Results and Discussion 

4.1 Descriptive Analysis 

 

As previously stated, in the survey a total of 384 randomly sampled 

households from different areas of the city were interviewed. Five responses were 

dropped because of a lack of basic required information such as income. There 

were four protest answers with WTP zero and they were also eliminated from the 

data set. As a result, a total of 375 (97.7%) questionnaires were founded usable 

for the analysis. 

 

4.1.1 Demographic and socioeconomic characteristics of households 

 

Social and demographic variables and economic issues that could 

influence household WTP were asked and their responses are summarized and 

presented here. From the total surveyed households, 194 (51.73%) were female 

respondents, while 181 (48.27%) were males. The data on respondents’ age 

shows that the average age was 40.6 years, and the range from 19 to 80. The 

average family size of households who used the water tap was about 4.78 

individuals with a minimum of 1 person and a maximum of 12 household 
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members. The education figures reveal that 356 (95%) had some formal education 

and some 19 respondents were illiterate. The average educational level of 

household heads was 13th grade, and the range was from zero years of schooling 

to a maximum of 24 years.  

On employment, 218 (58%) of the total 375 sampled households were 

engaged in salaried work, of which 147 (39%) were in government organizations, 

18 (5%) in Non- Government Organizations and 53 (14%) in private 

organizations. The rest 157 (42%) were engaged in non-salary activities, with 112 

(30%) respondents running their own businesses, 16 (4%) housewives, 5 (1%) 

retired, one student, one daily laborer and 22 (6%) unemployed.  

From this result we can infer that about 88% of the surveyed households 

were engaged in different income-generating occupations. The average monthly 

income of sampled respondents was Birr 7,720.62 with a minimum monthly 

income of Birr 300.00 and a maximum of Birr 80,000.00. Data for the wealth of 

the households, proxied by whether the household owned the house, showed 163 

(43.5%) of the respondents owned the house they lived in. Of the remaining 

212(56.5%), 98(26.1%) were living in houses rented from the government or the 

kebele, 87 (23.2%) were privately rented and the remaining 27 (7.2%) lived in 

their family house. To expand the data about house ownership, respondents were 

also asked whether they had a house of their own in another place; 38 (10.13%) 

said yes, raising the number of respondents owning their own house to 201 

(53.6%).  

 

4.1.2 Existing water supply and demand situation of the city 

 

Water access and adequacy is one of the basic preconditions making an 

urban center an acceptable place to live in, and the AAWSA works hard to meet 

the ever-growing needs of residents. However, for various internal and external 

technical problems the average actual daily water production of the city is below 

capacity and far below needs. AAWSA reports show the theoretical capacity of 

water production should be 608,000 m3/day, but the average actual water 

production is only about 460, 262 m3/day. This covers only 58% of the city’s 

daily water demand. As shown in Figure 6, though the volume of water is 

increasing, the population coverage is declining from year to year. The growth 

rate of water demands is greater than the growth in supply. According to the 2007 

national census, 98.64% of the housing units of Addis Ababa had access to safe 
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drinking water, but despite this high access rate, there has been a shortage of water 

supplied to households. Nearly half of the produced volume of water is consumed 

by non-domestic customers. As a result, the domestic mean daily per capita 

consumption is about 30 litres, far below the AAWSA’s stated standard of 110 

litres. This also falls below the global minimum standard of 50 litres/day/person, 

described as the threshold for meeting basic needs, independent of climate, 

technology, and culture (Gleick, 1996). This underlines the gap between water 

demand and supply in the city. 

The survey results show that about 80% of households see the quality of 

water they get as relatively acceptable, but only 25.1% of respondents saw the 

quantity as sufficient. In terms of reliability, the bulk of households, 83.5%, said 

that the existing water supply was unreliable. Water availability at all times is 

crucial and offers a good indicator of efficient and effective service delivery and 

customer satisfaction. The study results show that on average, the surveyed 

households got water supply only four days in a week and both the timing and the 

days were uneven. Comparisons across the different areas of the city underlined 

the unfair pattern of water distribution. Table 5 confirms the lack of equal and 

fair distribution of water supplies in the city, with some sub-cities getting water 

every day while others, like Gulele sub city, were suffering from a critical 

shortage. This unreliable and inadequate water supply made a majority of the 

consumers, 306 (81.6%), dissatisfied with existing water supply services. 

The average monthly consumption of water for a household was found to 

be 4.38 m3, with the average monthly household expenditure for water Birr 40.51, 

0.52% of the average monthly income (Birr 7,720.62). The survey results 

revealed that households from high water supply problem areas spent more but 

consumed less compared to relatively good water supply areas. When water was 

not available at the required time and amount, households usually bought water 

from venders (at a higher price than the official tariff). Some also incurred 

additional labor and transportation cost to fetch water.  
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Figure 6: Trends of Addis Ababa daily water demand and supply.  

Volume of water demand/supply in ‘000 m3           Water coverage based on total demand 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Source: AAWSA, 2008-2017 
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Table 5. Water Availability and household average monthly water 

consumption and expenditure in the study areas 

No 
Name of surveyed 

sub-cities 

Average no of 

days piped 

water available 

in a week 

Average 

monthly water 

consumption in 

m3 

Average monthly 

water expenditure 

in Birr 

1 Bole 7.0 7.23 14.1 

2 Arada 5.5 4.43 27.66 

3 Yeka 3.0 3.58 35.86 

4 Gulele ≤ 1.0 3.12 68.05 

Average as of survey result 4.1 4.38 40.51 

Source: Own computation, 2017 

 

The current water tariff structure of the city was set in 2011 covering 

three types of customer category (public fountain, domestic and non-domestic) 

and seven blocks. In the survey, when asked about the current water tariff the 

bulk of households (68%) responded that the tariff was cheap. According to bill 

data, when the block increases the number of domestic customers and 

consumption levels fall, so when prices increase households are forced to manage 

their demand. Households were asked whether they would change their water 

consumption if the water tariff changed but about 78% said they would manage 

their water demands following any change in price. In other words, increasing the 

water tariff would not only help the authority to get additional finance, it would 

also offer a means of demand management strategy. Setting an appropriate water 

price would be one way to achieve water supply sustainability. 

The sampled households agreed that there was a major water supply 

problem, but they differed on the responsibility for solving it. 146 (38.9%) of the 

respondents claimed that the government should take the responsibility to provide 

improved water services. About 137 (36%) respondents said it should be the joint 

responsibility of government and community, while the remaining 25.1% said 

suggested the community, private contractors or NGOs, or all together should be 

responsible. The econometric results of this study indicate that the attitude of 

households regarding responsibility is one of the key determinants of their WTP 

for such services. 
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4.1.3 Challenges of sustainable and reliable water supply in Addis Ababa 

 

Sustainable urban development requires sustainable, reliable, equitable, 

and easily accessible water supplies. AAWSA has carried out a number of 

different water supply projects to improve its service. However, both categories 

of respondents (households and key informant interviewees) agreed that there 

were problems associated with the water supply service in Addis Ababa. They 

also agreed on the major problems affecting the efficiency of water supply service 

delivery: high population growth, poor infrastructure, rapid urbanization, the 

huge amount of water loss/leakage (estimated to be 45%), high levels of water 

consumption by non-domestic users (about 48% of supplied volume of water), 

inadequate technical capacity, and inadequate human and financial resources. 

Additional challenges were also identified: shortages and outages of electric 

power, a backward water distribution system, poor governance, lack of 

stakeholders’ coordination and climate change.  

With reference to the primary concern of this study, interviewees stated 

the presence of poor cost recovery and budget constraints significantly hindered 

any smooth performance of water supply. The development of water supply 

projects requires huge investment and Operation and Maintenance costs (O and 

M) are increasing while the water tariff of the city remains too low to cover these. 

In addition, the authority faces a low level of payment culture among the 

community and of meter reading, making it difficult to collect payments. 

Currently, the authority covers only 20% of its expenditure, not enough to cover 

even O and M costs, though it should be able to cover both O and M and capital 

investment. This tariff structure, unable to recover the full cost of water supply, 

is in fact contrary to the country’s tariff setting guidelines which demand that 

urban water authorities cover their own expenditure including investment costs.  

 

4.1.4 Demand and WTP for a reliable and sustainable water supply 

 

Since most households were not satisfied with the existing source, more 

than ninety percent of the respondents said they needed an improved water supply 

and they would be happy if different water supply improvement projects were 

implemented successfully. Consequently, 99% of randomly sampled households 

were willing to pay for a reliable and sustainable water supply and willing to 

participate in improvement of water supplies. Appendix 1 shows a summary of 



Ethiopian Journal of Economics Vol. XXVIII No 1, April 2019 

 

 

 

85 

the household responses to the DBDC questions, and. Appendix 2 gives the 

structure of 375 answers to the DBDC questions, excluding identified protest 

bidders. As expected, the frequency of "Yes" and "Yes/Yes" respondents 

decrease with the starting bid. On average, 4.27% of the total responses were 

"No/No", meaning that their WTP is below the lower bids, that is (-∞, BL). 

Among the remainder, the WTP given by 77.34% of respondents was somewhere 

in the interval between the lower bid and the starting bid (33.07%), that is BL< 

WTP ≤ BF or (BL, BF) and between the starting bid and the upper bid (44.27%), 

BF< WTP ≤ BH or (BF, BH). About 18.40% were willing to pay more than the 

higher bid, WTP ≥ BH or (BH, +∞). Figure 7 gives the relationship between the 

probabilities of accepting different alternative bids of WTP. The negatively 

sloped demand curve shows that, like most economic goods, the demand for 

reliable and sustainable water services will decrease with increasing water use 

charges, all other things being constant. 

 

Figure 7: Household acceptance rate of different WTP bids.  

Source: Own computation from Survey Results  
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4.2 Econometric results and discussion 

 

The estimation results show that without calibration the mean WTP of 

the sampled households was 62.15 cents for a jirican (20 litres) of water if 

provided with a safe water supply service in a regular and sustainable manner. 

The calibrated mean WTP was 56.66 cents/jirican. The mean WTP decreased 

when applying the calibration approach, which suggested the presence of a 

hypothetical bias. The policy being valued in this study was the provision of 

reliable and sustainable water supply to the households in Addis Ababa which 

could be considered and adopted by policymakers. Therefore, the calibrated mean 

is used for analysis and interpretation. The calibrated mean value was larger by a 

small amount than the value found by the study undertaken in the case of Mekele 

town with a mean WTP of 51.51 cents/jirican (Saleamlak, 2013)   In Addis Ababa, 

the mean value of household WTP (56.66 cents/jirican) was surprisingly higher 

than the water tariff structure of the city, more than four times the mean of the 

existing tariff of 13 cents/jirican . This showed that households were willing to 

pay much more for reliable and sustainable water services than they were paying 

for the existing water supply service. By taking households’ average monthly 

water consumption (7.23 m3/month when water was available for seven days a 

week) and average monthly income (7,720.6 Birr) from the descriptive analysis 

of this study and the mean WTP, the average monthly expenditure for improved 

water would be 204.83 Birr/month, 2.7% of their average monthly income.  

This indicated that if an average household in the study area consumed 

the proposed per capita amount of water and paid for one jirican of water a price 

equal to their mean WTP, it could afford the price based on the recommendation 

of the World Bank which has stated a household should spend up to 5% of its 

monthly income on water. It implied that a household living in the study area was 

willing and able to pay more if provided with reliable and sustainable water 

supplies. According to information provided by the AAWSA the estimated 

average cost per cubic meter of water is about 13.91 ETB, equivalent to 28 

cents/jirican. So, the surveyed households not only expressed their WTP above 

the existing tariff, it was also more than twice as high as the cost of providing the 

service. 

A significant difference was observed during the survey between 

household responses regarding WTP for the proposed provision of improved 

water service. This variation was due to the existence of differences in 
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socioeconomic and demographic backgrounds and the water supply. The 

estimation result showed that among the 15 explanatory variables hypothesized 

to affect WTP decisions and included in the analyses, ten were statistically 

significant at the 5% level of significance. These independent variables could 

broadly be classified into three major groups, service, demographic and socio-

economic factors. From the eight water service variables considered in this study 

- satisfaction, reliability, quality, perception about the current price of water 

service, and household attitudes toward the responsibility of improving water 

service – were statistically significant; pressure, water consumption, and water 

expenditure have positive signs but were not statistically significant. Out of the 

three hypothesized demographic variables, age and family size had a negative 

impact on the value of household WTP and were statistically significant, whilst 

Sex (being female) had positive impact but was insignificant for their WTP. As 

expected, the four socioeconomic variables, monthly income, wealth/proxied by 

house/, occupation, and education level of the respondent, had a positive effect 

on the level of their WTP. However, occupation was not statistically significant. 

The diagnostic statistics reveal that the chi square value for the model was 

perfectly significant at the 1% level of significance, meaning that the explanatory 

variables jointly influenced household’s WTP. Table 6 presents the estimated 

coefficients of the explanatory variables (determinants) and their impact on the 

amount of household WTP for reliable and sustainable water supply. The signs 

show the direction of change in the dependent variable (WTP) given a unit change 

in the explanatory variable.  

The overall econometric results of the model clearly indicate that the 

independent variables on socioeconomic and demographic characteristics, and 

water service attributes as well as household attitudes, all affect the value of WTP 

they put on the proposed water service. These variables were also mentioned by 

the World Bank (WB, 1993) as key determinants of household WTP for improved 

water services. The result of the data analysis also shows that, except the 

difference in the magnitude and significance level of the effects, the major 

determinants of WTP for improved water supply service that are incorporated in 

this study are similar to the findings of other studies mentioned in the empirical 

review of this paper. In this aspect, this study is consistent with the empirical 

literatures.  
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Table 6: Interval regression result for the determinants of WTP for reliable 

and sustainable water supply 

Explanatory Variable          Coef. Robust Std. Err.     P>z 

SEX  1.489436 2.033034 0.4640 

AGE*  -0.2130679 0.1019236 0.0370 

EDU*  0.6391822 0.2573228 0.0130 

OCC  0.493152 2.787901 0.8600 

MINC*  0.0015486 0.0003563 0.0000 

FSZ*  -0.9098825 0.4406752 0.0390 

WLTZ*  10.93778 2.032012 0.0000 

WC  -0.2585033 0.2069043 0.2120 

WEXP  0.0163425 0.0202647 0.4200 

QLTY*  8.48401 2.468525 0.0010 

PRSUR  3.307189 2.808972 0.2390 

REWS*  8.321632 3.616867 0.0210 

SAT*  8.697711 3.347202 0.0090 

RESP*  -6.056457 2.162568 0.0050 

TARIF*  5.623755 2.036821 0.0060 

Constant  33.69833 6.248452 0.0000 

Number of observations 375   

Prob > chi2 0.0000   

* Significant at the 5 % level of significance.  

Source: Own computation from Survey Result, 2017. 

 

However, there are dissimilarities in some variables particularly 

regarding demographic variables, sex and family size. This study found an 

inverse relationship between WTP and family size while a study in Debre-Zeit, 

(Gossaye (2007)) shows family size positively affecting household WTP for 

improved water services. In this study, female respondents were more willing to 

pay than males no doubt because they are more responsible for water collecting 

and directly influenced by water related problems. Much of the literature agrees 

with this finding, but studies undertaken in Holeta, Nazareth, and Dilla towns by 
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Fekadu (2011), Alebel (2002) and Tamirat (2014) respectively revealed that 

males were more willing to pay for improved water supply services than women. 

Explaining possible reasons for this finding, Fekadu stated that women do not 

have equal control over or access to household cash resources so that they might 

be reluctant to give a positive response to WTP questions even though they might 

give more value to improved water service. 

 

5. Conclusion and Recommendations 

5.1 Conclusion 

 

The existing water supply of Addis Ababa cannot satisfy the increasing 

demand for water. Nearly half of the water is consumed by non-domestic users, 

and there is a shortage of water quantity supplied to households. Surveyed 

households received water supplies only four days a week on average. The timing 

of water availability and the average of days per week was uneven, underlining 

the unfair and unequal water distribution in the city. In other words, this paper 

found the present water supply in Addis Ababa to be grossly inadequate and 

unreliable, making the majority of the surveyed households (82%) dissatisfied 

with the present supply. The water utility of the city has been facing drawbacks 

and challenges that hinder its efforts to create a reliable and sustainable water 

supply based on demand. The water tariff of the city is too low to recover 

investment and operational costs showing t the current charges are against tariff-

setting guideline, forcing urban water authorities to finance their own 

expenditure.  

However, the value of household WTP was found to be high compared 

with the current tariff rate as well as the cost required to provide service. The 

calibrated mean WTP of the sampled households was 56.66 cents for a jirican (20 

litres) of water, if provided with a safe, regular and sustainable water supply. This 

study revealed that the surveyed sample households expressed their WTP both 

above the existing tariff structure and above the cost of providing the service. 

Generally, households living in the study area were willing and able to spend 

more if provided with more reliable and sustainable water supply. Variables 

concerning service delivery (satisfaction, reliability, quality, households’ attitude 

towards the current water tariff and the responsibility of improving water 

services) were statistically significant. Regarding demographic variables, age and 
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family size had negative impact on the value of household WTP, while the socio-

economic variables of income, wealth, and education levels had a positive effect.  

 

5.2 Policy Implications 

 

Addis Ababa needs substantial investment, both for new infrastructure 

and for upgrading existing facilities in the short-, medium and long-term, to 

provide a water supply that will be adequate and sustainable to meet its ever-

growing demands. More attention should be given to manage water demands 

through pricing mechanisms, education, conservation, and reuse programs. It is 

better to identify potential and develop alternative sources of water for non-

domestic purposes. The water utility should strengthen its institutional capacity. 

Improving its financial situation should be one of the key pillars for transforming 

the authority into an effective public utility that can deliver the required water 

services. To achieve this important goal, a reliable method of meter reading and 

bill collection should be established, and water tariffs should be set at a level that 

allow the water authority to develop a self-sustaining program. As surveyed 

households expressed their WTP above the existing tariff structure, the 

government can launch different water projects that could assure reliable and 

sustainable water supply to the community while at the same time improving its 

financial viability by increasing water tariff structures based on the principle of 

full cost recovery. Household willingness and ability to pay is much higher than 

the cost of providing services, so, if private companies are involved in this service 

delivery program, they can benefit both themselves and the community. Based on 

the econometric results of the study, some socioeconomic and demographic 

characteristics, water services attributes and household attitudes significantly 

affected the value of WTP that households put on proposed water services. The 

water authority and policy makers should therefore give serious attention to these 

statistically significant variables when designing policies related to water supply 

services. 
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Appendices 

 

Appendix 1. Summary of Household’s Responses to DBDC Questions of 

WTP for Reliable and Sustainable Water Supply 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

WTP of 384 surveyed 

HHs 

Yes 

(99%) 

 

No (1%) 

 

WTP for first bids 

WTP for 2nd Higher bid 

Yes 

(63%) 

 

No (37%) 

 

Yes (29%) 

 

No (71%) 

 

WTP for 2nd Lower bid 

Yes (89%) No (11%) 
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Appendix 2: Details of Households Answers to the Alternative Bids 

Bid cards Bid cards Statistics 

Answers to 

initial bids 

/BF/ 

Answers to all bids 

Yes No 

Frequency % 

YY NY YY NY 

BF/BH /BL Frequency % YN NN YN NN 

30/60/15 84 22% 82% 18% 
33 13 8.80% 3.47% 

36 2 9.60% 0.53% 

40/80/20 77 21% 80% 20% 
16 13 4.27% 3.47% 

46 2 12.27% 0.53% 

50/100/25 78 21% 70% 30% 
12 19 3.20% 5.07% 

43 4 11.47% 1.07% 

60/120/30 74 20% 43% 57% 
8 39 2.13% 10.40% 

24 3 6.40% 0.80% 

70/140/35 62 17% 27% 73% 
0 40 0.00% 10.67% 

17 5 4.53% 1.33% 

Total      375 100%  
69 124 18.40% 33.07% 

166 16 44.27% 4.27% 
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Appendix 3: The Interval Regression Result 

 

 

  

                             291       interval observations

                              69 right-censored observations

                               0     uncensored observations

  Observation summary:        15  left-censored observations

                                                                              

       sigma     14.82767   .9202198                      13.12945    16.74555

                                                                              

    /lnsigma     2.696495    .062061    43.45   0.000     2.574858    2.818132

                                                                              

       _cons     33.69833   6.248452     5.39   0.000     21.45159    45.94507

       TARIF     5.623755   2.036821     2.76   0.006      1.63166     9.61585

        RESP    -6.056457   2.162568    -2.80   0.005    -10.29501   -1.817903

         SAT     8.697711   3.347202     2.60   0.009     2.137316    15.25811

        REWS     8.321632   3.616867     2.30   0.021     1.232703    15.41056

       PRSUR     3.307189   2.808972     1.18   0.239    -2.198295    8.812673

        QLTY      8.48401   2.468525     3.44   0.001      3.64579    13.32223

        WEXP     .0163425   .0202647     0.81   0.420    -.0233757    .0560607

          WC    -.2585033   .2069043    -1.25   0.212    -.6640282    .1470216

        WLTZ     10.93778   2.032012     5.38   0.000     6.955112    14.92045

        MINC     .0015486   .0003563     4.35   0.000     .0008502     .002247

         OCC      .493152   2.787901     0.18   0.860    -4.971033    5.957337

         EDU     .6391822   .2573228     2.48   0.013     .1348388    1.143526

         FSZ    -.9098825   .4406752    -2.06   0.039     -1.77359   -.0461749

         Age    -.2130679   .1019236    -2.09   0.037    -.4128346   -.0133013

         SEX     1.489436   2.033034     0.73   0.464    -2.495237     5.47411

                                                                              

                    Coef.   Std. Err.      z    P>|z|     [95% Conf. Interval]

                             Robust

                                                                              

Log pseudolikelihood = -257.17221                 Prob > chi2     =     0.0000

                                                  Wald chi2(15)   =     421.85

Interval regression                               Number of obs   =        375
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Appendix 4: Correlation Matrix for Explanatory Variables: Test for 

Multicollinearity 

 

Appendix 5: Test for Goodness to Fit 
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McKelvey and Zavoina's R2:     0.606     
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Economic Welfare in Ethiopia: Growth Scenarios for 

Exiting Poverty 

 

Degye Goshu1 

 

Abstract 

 

Poverty alleviation and equitable distribution of benefits among citizens are the 

overriding welfare objectives of developing countries. Ethiopia has been designing 

and implementing several development policies and interventions to attain such 

welfare objectives. However, poverty alleviation is still the primary development 

agenda of the country and the distribution of poverty across regions and 

population subgroups is becoming worrisome. In order to generate latest, relevant 

and reliable empirical evidence on these welfare issues, the third wave (2015) of 

the Living Standards Measurement Study (LSMS) dataset on Ethiopian was 

utilized. A sample of 4954 households with 22,296 household members covering 

all regions and cities were utilized for rigorous distributive analysis. FGT poverty 

indices and the time taken to exit poverty were estimated and decomposed by 

population subgroups and expenditure components. A right-censored Tobit model 

of welfare ratio was employed to identify the correlates of poverty and to predict 

the intensity and probability of poverty. The results of distributive analysis show 

that absolute poverty rate in Ethiopia was 22.1 percent with significant variation 

across regional states. Absolute poverty was also largely different by gender, place 

of residence (rural-urban), and religion. Similarly, depth and severity of poverty 

(6% and 2.4%) were varied across regions. Based on different growth scenarios 

of consumption expenditure per capita assumed (14%, 11%, 8%, and 5), the poor 

in Ethiopia would take 9.4-26.4 years to exit poverty. The Tobit model outputs 

indicated that the expected welfare ratio of the poor was 0.783, which was 21.3 

percent far below the poverty line (ETB 14758). The likelihood of individuals to be 

poor was 22.0 percent, which is consistent to the FGT index (22.1%, about 22.1 

million population). Poverty decomposition results show that absolute poverty rate 

in Ethiopia was highly attributable to rural areas (24.1%) with relative 

contribution of 88.5 percent compared to their counterparts in urban centers 

(12.7%). Similarly, decomposition of poverty by expenditure components verify 
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that the absolute contribution of food consumption expenditure in reducing total 

poverty was 65.3 percent, whereas nonfood consumption expenditure contributed 

only 11.4 percent. The findings clearly suggest the need to design and implement 

relevant poverty reduction interventions for attaining Sustainable Development 

Goals (SDG) of ending poverty and hunger in all its forms by 2030. 

 

 

Keywords: Poverty index, decomposition, time-taken to exit, welfare ratio, Ethiopia. 

JEL Codes:  I31, I32, I38. 

 

 

 

1. Introduction 

 

Poverty, as a major indicator of welfare in a society, can be defined as a 

pronounced deprivation in well-being (World Bank, 2000). Poverty with its 

multiple dimensions and approaches has been one of the primary research areas 

of development economics. The basic challenge in poverty analysis is the 

approach and the methods of measuring poverty as a welfare indicator. Poverty 

measurement is the production of numbers suitable to assess the overall degree 

of poverty in a given society and to identify poor and nonpoor members of this 

society. To decide which measures of poverty to produce, we need a theory about 

the object we want to measure and an appropriate of poverty indicator.  

There are different theories on poverty analysis, of which the dominants 

are the welfarist school, the basic-needs school, and the capability school. The 

welfarist school, the dominant approach, sees well-being or poverty as an 

economic wellbeing. For this school, poverty is said to exist in a given society 

when one or more persons do not attain a level of economic well-being deemed 

to constitute a reasonable minimum by the standards of that society (Ravallion, 

1994). This poverty concept derives from the assumption that individuals 

maximize their well-being in the essence of preference ordering over goods 

representable by a utility function.   

The basic-needs approach, which is generally ranked second to the 

welfarist approach in importance, considers “something” that is lacking in the 

lives of the poor as a small subset of goods and services identified and deemed to 

meet the basic needs of all human beings (Asselin and Dauphin, 2001). The focus 

of basic-needs approach is not utility. Rather, it focuses on individual 
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requirements relative to basic commodities including food, water, sanitation, 

shelter, clothing, basic education, health services, and public transportation.  

In the third approach, the capability school, the ‘something” that is 

lacking refers to human abilities, or capabilities, not to utility or to the satisfaction 

of basic-needs. The capability approach differs from welfarist or utilitarian 

evaluation in considering a variety of doing and being as important in themselves. 

The perspective of capabilities provides a fuller recognition of the variety of ways 

in which people can be poor or nonpoor (Sen, 1994; Asselin & Dauphin, 2001). 

Poverty is the overriding objective of developing countries including 

Ethiopia. Ethiopia has been designing and implementing several development 

policies and interventions to attain objectives of welfare and equity. However, 

poverty alleviation is still the primary development problem of the country. The 

design and implementation of poverty reduction strategies requires new and 

reliable information on poverty and inequality, their spatial and sectoral 

distribution and the possible sources of poverty and inequality. To analyze 

poverty and inequality situation in Ethiopia, consumption expenditure per capita 

and other attributes of 22,296 samples from all regions and cities were utilized in 

this study. In order to identify priority areas of intervention and relative 

importance of findings for matching appropriate poverty reduction policy options 

and strategies, this paper has employed different measures of poverty and 

inequality and decomposed them into their constituent parts. 

 

2. Data and Methods 

2.1 Dataset 

 

This study has utilized the third wave of Living Standards Measurement 

Study (LSMS 2015) for Ethiopia. The LSMS is the country representative, multi-

topic dataset collected at different levels (individual, households, farm plots, etc.) 

collected by Central Statistical Agency (CSA) of Ethiopia in collaboration with 

the World Bank. The third wave covers the nine regional states and two 

administrative towns with 4954 households and more than 23,000 individuals 

across the country. 

The Ethiopian Government monitors regional and national poverty 

situations by using the Foster-Greer-Thorbecke (FGT) decomposable measures 

of poverty (head count index, poverty gap index, and poverty severity index). 

However, the design and implementation of poverty reduction strategies requires 
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adequate, reliable and detailed information on poverty and inequality and their 

spatial and sectoral distribution and the possible sources. To generate a new and 

reliable information on various aspects of poverty and inequality in Ethiopia, this 

study has utilized 22,296 samples (of which 29% are urban residents) distributed 

(Table 1).  

 

Table 2: Distribution of samples across regions and place of residence 

Region Rural 
Small 

towns 

Medium and 

large towns 
Total 

Tigray 1,554 155 708 2,417 

Afar 569 53 37 659 

Amhara 2,927 405 643 3,975 

Oromia 3,273 476 922 4,671 

Somalie 1,156 123 163 1,442 

Benshagul Gumuz 538 58 0 596 

SNNP* 4,083 475 696 5,254 

Gambella 505 42 35 582 

Harari 661 0 154 815 

Addis Ababa 0 0 1,019 1,019 

Dire Dawa 578 0 288 866 

Country level 15,844 1,787 4,665 22,296 

Source: LSMS (2015). 

Note: * SNNP denotes southern nations, nationalities and people’s region. 

 

2.2 Measuring Poverty 

 

Poverty can be measured at three steps. The first step is to define an 

indicator of welfare or poverty and the second is to establish a minimum 

acceptable standard of that indicator, called the poverty line, which is used to 

separate the poor from the nonpoor. Finally, a summary statistic is generated to 

aggregate the information from the distribution of this welfare indicator relative 

to the poverty line (Ravallion, 1998). 
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2.2.1 Choice of poverty indicator 
 

Income and expenditure are the two important indicators of welfare or 

poverty with their own pros and cons. Income (potential) as an indicator of 

welfare is preferred for some reasons. The ease to measure it (mainly due to the 

limited number of income sources), its ability to measures the degree of command 

over resources, and the relatively lower costs incurred to collect it are the major 

merits of income as a poverty indicator. However, the income approach is more 

likely to be underreported. It is also affected by short-term fluctuations, 

unobservable income sources, the uncertain link between income and welfare, 

and failure of reporting period to capture the average income of the household 

(Haughton and Khandker, 2009). 

The expenditure (achievement) approach, on the other hand, shows 

current actual material standard of living, enables to smooth out irregularities 

(reflecting long-term average wellbeing), and is relatively less understated (due 

the ease to recall). However, the use of expenditure as a poverty indicator has 

various problems as well. Households may not be able to smooth consumption. 

Moreover, there may be misleading consumption choices made by households, 

irregularity of some expenses incurred which may lead to noisy data, and the 

difficulty to measure some components of consumption (like durable goods).  

If we choose to assess poverty based on household consumption or 

expenditure, it is helpful to think in terms of an expenditure function, which 

shows the minimum expense required to meet a given level of utility, which is 

derived from a vector of goods at their prices. While using income as a measure 

of welfare, there are many problems related to its definition (e.g. timing of income 

whether over years or lifetime) and measurement (or usually understated). Thus, 

this paper has used consumption expenditure per capita as a measure of poverty 

and inequality in Ethiopia. 

 

2.2.2 Setting the poverty line 

A poverty line2 for a household, iz
, may be defined as the minimum expenditure 

needed to achieve at least the minimum utility level zu
, given the level of prices 

(p) and the demographic characteristics of the household (x) (Ravallion, 1998): 

 
2 To measure poverty, we need to combine the poverty line with information on the 

distribution of consumption expenditures. In principle, there are two ways of doing so: 
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( ),,, zi uxpez =  

Because utility, zu
, or expenditure, e(·),  is difficult to measure, there are two 

practical approaches to determine a poverty line. One approach is to compute a 

poverty line for each household, adjusting and accounting for household 

differences, prices differences, and demographic composition. This gives a 

different poverty line for each household. A second and more widely used 

approach is to construct one per capita poverty line for all individuals, but to 

adjust expenditure per capita for differences in prices and household composition. 

The adjusted per capita is then compared with the poverty line to determine if the 

individual is living below the poverty line. With this approach, it is easier to talk 

of the poverty line and present it as a single number. 

Poverty has various forms each of them measured differently. 

Extreme poverty, absolute poverty, or destitution is defined as a condition 

characterized by severe deprivation of basic human needs, including food, safe 

drinking water, sanitation facilities, health, shelter, education and information. It 

refers to a condition where a person does not have the minimum amount of 

income needed to meet the minimum requirements for one or more basic living 

needs over an extended period of time. It depends on both income and access to 

services. When the World Bank set the global standard of absolute poverty line 

in 1990 as living on less than $1 a day, it refers to a standard which is the same 

in all countries and which does not change over time. This threshold was revised 

to be $1.25/day (in 2005 prices). The current standard of absolute poverty 

threshold refers to earning below the international poverty line of $1.90/day (in 

2015 prices) (World Bank, 2013). The World Bank has set a new goal to end 

extreme poverty in a generation which targets to have no more than 3 percent of 

the world’s population living on just $1.90 a day by 2030. Currently the World 

Bank is using three poverty lines: $1.90 a day for extreme poverty, $3.20 a day 

for middle-income countries, and $21.70 a day for high-income countries. But 

national poverty line is the poverty line deemed appropriate for a country by its 

authorities, which is based on population-weighted subgroup estimates from 

household surveys.  

 
(a) the welfare ratio method, and (b) the equivalent expenditure method. One can deflate 

all money incomes by z, so that the indicator of welfare is simply y/z where y is total 

expenditure. The value of y/z is known welfare ratio.  
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Relative poverty, on the other hand, is the condition in which people lack the 

minimum amount of income needed in order to maintain the average standard of 

living in the society in which they live. It is considered the easiest way to measure 

the level of poverty in an individual country. Relative poverty is defined relative 

to the members of a society and, therefore, differs across countries. The relative 

definitions of poverty see poverty in terms of minimum acceptable standards of 

living within the society in which a particular person lives.   

There are two main methods of estimating objective poverty lines3: the 

food-energy intake method and the cost-of-basic-needs (CBN) method. The 

consumption expenditure level at which food energy intake is just sufficient to 

meet pre-determined food energy requirements is used to determine an objective 

poverty line using food energy-intake method. Because energy requirements vary 

across individuals, activity level and over time for a given individual, adjustments 

need to be made accordingly. The purpose of food-energy intake method is to 

find a monetary value of the poverty line at which basic needs are met. 

If the expected value of food-energy intake conditional on total 

consumption expenditure, 
( )ykE /

, is strictly increasing in y over an interval 

which includes energy required, then there will exist a poverty line z such that 

(Ravallion, 1994) 

 

( ) '/ kzkE = , 

where k is food-energy intake (random variable), 'k  is the food energy required 

considered to be fixed, and 
( )zkE /

 is the expected value of food-energy intake 

conditional on the poverty line or food-energy requirement.  

In the case of cost-of-basic-needs (CBN) method, a consumption vector 

assumed to be consistent with choices actually made by some relevant reference 

group is chosen. Poverty is then measured by comparing actual expenditures to 

the CBN, which has food and non-food components of measurement of the 

poverty line4.  

 
3 The common practice of estimating poverty lines for measuring income poverty is the 

threshold of 50-60 per cent of the median (national equalized) household income. 
4 The primary source of subjectivity in measuring poverty lines is the notion of “basic 

needs” mainly because distinction between necessities and luxuries turns out to be still 
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2.3 Methods of Analysis 

 

Two methods of measuring poverty were used in this study. The Foster-

Greer-Thorbecke (FGT) index of poverty was used to analyze the incidence, 

depth and severity of consumption poverty. The method of time-taken to exit 

poverty was also used to estimate the speed at which the poor are expected to exit 

poverty trap. 

 

2.3.1 FGT poverty indices  

 

There are various summary measures of welfare or poverty situation in a 

society. The FGT poverty measures are additively decomposable. It is also 

possible to separate changes in the FGT measures into a component resulting 

from rising average incomes/expenditures, and a component resulting from 

changes in the distribution of income/expenditure. As one of the measures 

proposed by Foster, et al. (1984), it may generally be written as 
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where α is a measure of the sensitivity of the index to poverty and the poverty 

line. When parameter α = 0, 0P
 is simply the headcount index. When α = 1, the 

index is the poverty gap index 1P
, and when α is set equal to 2, 2P

 is the poverty 

severity index. For all α > 0, the measure is strictly decreasing in the living 

standard of the poor (the higher the standard of living, the less poor one is).  

 

2.3.2 `Time-taken to exit poverty 

 

When thinking about poverty reduction strategies, it may be useful to 

show how long it would take, at different potential economic growth rates, for the 

average poor person to exit poverty. It is decomposable by population subgroups 

and is sensitive to the distribution of welfare indicator, x , among the poor. For 

 
subjective. There are two methods of measuring subjective poverty lines: the minimum 

income question and developing country setting. 
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the 
thi  person below the poverty line, the expected time to exit poverty (or to 

reach the poverty line), if consumption expenditure per capita grows at positive 

rate g  per year, is (Morduch, 1998): 

 

( ) ( )
g

W

g

yz
t

j
=

−
=

lnln

 
 

where W is Watts index.  

The time taken to exit is the Watts index divided by the expected growth rate of 

expenditure of the poor. This measure of poverty indicates the negative 

relationship between economic growth rates and the speed at which the poor are 

exiting poverty. 

 

2.3.3 Decomposition of poverty 

 

The FGT poverty index (P) can be decomposed by population subgroups 

as follows (Araar and Duclos, 2013): 
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total poverty, and  
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   is the estimated relative contribution 

of subgroup g to total poverty. 

The total alleviation of FGT poverty into a sum of the contributions 

generated by separate income/expenditure components can be decomposed. Total 

alleviation is maximal when all individuals have an income/expenditure greater 

than or equal to the poverty line. A negative sign on a decomposition term 

indicates that an income component reduces poverty.  
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Assume that there exist K income/expenditure sources and that sk 

denotes source k. The FGT index is defined as (Araar and Duclos, 2013): 
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where wi is the weight assigned to individual i and n is sample size.  

This estimates the share in total income/expenditure of each source k and the 

absolute and relative contributions of each source k to the value of 








−



1P
. 

 

2.3.4 Correlates of poverty 

 

One of the most important question in welfare analysis is the attempt to 

identify the major causes poverty. A poverty profile describes the pattern of 

poverty, but is not principally concerned with explaining its causes. Haughton 

and Khandker (2009) have tried to identify the main potential determinants of 

poverty at different levels (national, sector-specific, community, household, or 

individual characteristics). Regression techniques can be used to determine the 

factors “causing” poverty or correlates of poverty. Household and individual level 

sources of poverty/welfare were identified for empirical analysis in this paper 

(Table 2).  

This paper employed the most common censored regression model, the 

Tobit model, which expresses the observed level of the outcome in terms of an 

underlying latent variable. The use of the Tobit model is intuitive because the 

parameter estimates will be biased and inconsistent if a linear model is used in 

the presence of zero outcomes (failures or nonpoor in this case) where the bias 

will increase as the number of observations that take on the value of zero 

increases. The dependent variable measures the inverse relationship between 

poverty and welfare. Welfare ratios below one indicates poor individuals (below 

poverty line) and those on or above one show nonpoor individuals. Accordingly, 

higher values of the welfare ratio designate higher welfare (lower poverty). The 

dependent variable was censured from above to deal with the intensity and status 

of poverty situation in the society. 
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Table 3: Definition of variable sand working hypotheses 

Correlates of poverty (welfare ratio) Measurement 

Expected 

effect on 

welfare 

Family size Counts - 

Number of meals served per day (counts) Counts + 

Source of safe drinking water  Dummy (1 if safe, 0 otherwise) + 

Access to off-farm activities Dummy (1 if accessed to) + 

Private ownership of telephone lines Dummy (1 if owned) + 

Access to credit Dummy (1 if accessed to credit) + 

Literacy status Dummy (1 if literate) + 

Incidence of food shortage within last 7 days Dummy (1 if yes) - 

Source of lighting Dummy (1 if electricity) + 

Ownership of improved toilet facility Dummy (1 if owned) + 

Type of house floor Dummy (1 if clean) + 

Access to washing water Dummy (1 if yes) + 

Consultation for medical assistance Dummy (1 if yes) + 

Employment opportunity  Dummy (1 if yes) + 

Number of rooms in the house Continuous + 

Place of residence Dummy (1 if rural) - 

The Tobit model can be specified as (Cameron and Trivedi, 2009): 

 

iiy += xβ
 

and the measurement model  









+
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where iy
, the dependent variable (the welfare ratio, which is the ratio of real 

consumption per capita divided by the poverty line, z) and the x’s are vectors of 

covariates determining the intensity and status of the welfare ration, and β  is a 

vector of corresponding parameters to be estimated. 
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3. Findings  

3.1 Consumption and Welfare Patterns  

 

The FGT poverty curves (with confidence intervals) for food and nonfood 

consumption expenditure were plotted and compared. Food consumption 

expenditure had contributed higher proportion to total poverty. Nonfood 

expenditure was relatively higher and increasing with increasing rate for lower 

poverty thresholds and increasing with decreasing rate for higher poverty 

thresholds (upper panel of Figure 1). On the other hand, food expenditure, as a 

necessity, was lower and increasing with decreasing rate. The FGT poverty curves 

clearly depict how poverty of non-food expenditure was relatively more prevalent. 

 

Figure 1: FGT curves and joint density surfaces for food and nonfood 

expenditure 

 
Source: Author’s computation from LSMS data (2019). 
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As illustrated by their joint probability density function, food and 

nonfood expenditure were interdependent (lower panel of Figure 1). As 

expenditure for one type of consumption increases, the expenditure for the other 

increase but with different rates. However, food expenditure moves with lower 

values and remains inelastic for higher values nonfood expenditure for the fact 

that food is a necessity good. 

The number of meals served per day can be considered as an indicator of 

poverty situation (Table 3). The mean annual real consumption expenditure per 

capita was compared to the number of meals to verify if they are related. About 

17.1 percent of the samples were served with two or lower meals per day.  These 

group of respondents spent greatest proportion (83.3%) of their expenditure on 

food. The greatest majority of samples (77.4%) were served with three meals per 

day and spent 76 percent of their expenditure on food. However, only 5.5 percent 

of the respondents were served with more than three meals per day and spent 

about 71.9 percent of their expenditure on food. 

The results imply how people with low level of real consumption 

expenditure per capita were forced to get relatively lower number of meals per 

day and spend larger proportion of their money on food. he variation in the 

number of meals served per day generally explains the relative difference in their 

mean annual consumption expenditure. 

 

Table 4: Real annual consumption expenditure per capita and meals served 

per day 

Number of meals served 

per day 

Proportion of 

samples (%) 

Expenditure share (%) 

Food Nonfood 

Twice or lower per day 17.1 83.3 16.7 

Three times  77.4 76.0 24.0 

Above 3 5.5 71.9 28.1 

Total 1.00 76.7 23.3 

Observations      22296 

Source: Author’s computation from LSMS data (2019). 

 

The median real annual expenditure per capita was about ETB 4177. 

People with two or lower number of meals per day (with annual mean food 

expenditure of ETB 3594) were constrained to spend below the median 
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expenditure (only 86% of the median expenditure on food). However, individuals 

served with more than three meals per day were able to spend higher than the 

median expenditure per capita (ETB 5100). The results clearly imply that poor 

individuals with a few numbers of meals per day (17.1%) were forced to consume 

less. 

The density curve of welfare ratio indicated in Figure 2 depicts the 

proportion of the samples above and below poverty line (at welfare ratio of 1) 

indicated by the vertical broken line. The density curve of welfare ratio was right-

skewed indicating the greatest majority of respondents were (above the poverty 

line). 

 

Figure 2: Density curve of welfare ratio (at poverty line=14758) 

 
Source: Author’s computation from LSMS data (2019). 
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3.2 Poverty Indices 

3.2.1 Absolute poverty 

 

As reported below, the incidence or prevalence of absolute5 consumption 

poverty rate in Ethiopia in 2015/16 was 22.1 percent with significant difference 

across regional states, which is equivalent to 22.1 million population of the country 

(Table 4). This poverty rate was by far lower than the Sub-Saharan Africa (SSA) 

average (41.1%) (at 2011 PPP) indicating the substantial change Ethiopia has 

brought in poverty reduction. The poverty gap observed in Ethiopia was 6.0 

percent, which was better-off compared to the SSA average (15.8%). However, the 

spatial (region) distribution of poverty rate was relatively higher in Gambella region 

(41.9%) followed by Amhara (30.9%) and SNNP state (29.9%). Poverty rate in all 

the other regions and cities were below the national poverty rate (22.1%). 

 

Table 5: Spatial distribution of poverty in Ethiopia (poverty line =14758) 

Region Incidence (α=0) Depth (α=1) Severity (α=2) 

Tigray  0.193 0.056 0.023 

Afar  0.054 0.015 0.006 

Amhara  0.309 0.085 0.033 

Oromia  0.160 0.041 0.017 

Somali 0.116 0.027 0.010 

Benshagul-Gumuz  0.419 0.138 0.063 

SNNP  0.299 0.082 0.035 

Gambella 0.137 0.026 0.008 

Harari  0.128 0.037 0.015 

Addis Ababa  0.127 0.032 0.013 

Dire Dawa  0.153 0.034 0.012 

Population level 0.221 0.060 0.024 

Source: Author’s computation from LSMS data (2019). 

 
5 The official national poverty lines in 2015/16 determined by the government of Ethiopia 

were ETB 7184 for overall poverty and ETB 3772 for food. This poverty threshold was 

highly underestimated mainly due to very low threshold used for 2015 (US$ 1.25 per 

day). The international absolute poverty line in 2015 revised by the World Bank is USD 

1.90 (ETB 40.43 per day). This leads to an overall absolute poverty line of ETB 14758 

per year (with an exchange rate of ETB 21.28 in December 2015). 
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Poverty incidence6 was also significantly varied by place of residence, 

gender of household heads, marital status, and religion (Table 5). The poverty 

rate ranged from 12.7 percent to 15.5 percent in small, medium and large towns 

to 24.1 percent in rural areas. Poverty rate in rural areas was 11.4 percent higher 

than the poverty rate observed in urban areas. The overall absolute poverty gap 

was 6.0 percent.  

Poverty rate was also 12.1 percent higher among female-headed 

households compared to their male counterparts. Similarly, depth of poverty 

among female-headed households was nearly threefold higher than the intensity 

of poverty observed among male-headed households, suggesting that gender 

differential was one of the major sources of poverty in Ethiopia. 
 

Table 6: Distribution of poverty by population subgroups 

Population subgroups Incidence (α=0) Depth (α=1) Severity (α=2) 

Place of residence    

Rural 0.241 0.064 0.026 

Small town 0.155 0.052 0.022 

Medium and large towns 0.127 0.034 0.014 

Gender    

Female 0.357 0.129 0.064 

Male 0.236 0.066 0.027 

Marital status    

Single 0.192 0.049 0.019 

Married (monogamy) 0.225 0.061 0.025 

Divorced 0.372 0.131 0.062 

Religion    

Orthodox 0.199 0.055 0.022 

Muslim 0.163 0.048 0.021 

Protestant 0.278 0.070 0.029 

Population level 0.221 0.060 0.024 

Source: Author’s computation from LSMS data (2019). 

 
6 The relative poverty lines routinely computed at 60% of the median expenditure per 
capita is ETB 14884. The relative poverty rate estimated at this threshold is 22.4%, which 
is not significantly different form the absolute poverty rate (22.1%). The same thing is 
true for relative food poverty (22.3% at poverty line of ETB 10980).   
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The three major forms of marital status widely practiced in Ethiopia 

(single, married, and divorced) were investigated for their implications on the 

economic wellbeing of people. Single and married persons generally cover 

greater proportion of marital status in the population in Ethiopia (47.8% single 

and 40.6% married). Divorce, however covering small proportion of the 

population (only 3.5%) was found to potentially create major social problem by 

pushing people to poverty. The poverty rate for divorce persons was 15.1 percent 

higher compared to the national poverty rate (22.1%) and the poverty rate 

observed in other forms of marital status (near or below the national average, 

22.5% for married and 19.2% for single).  

For reasons currently unidentified by the researcher, the incidence, depth 

and severity of poverty were substantially different in subpopulations following 

different religions7, the highest poverty rate being among Protestants (27.8%). 

Poverty was relatively less prevalent and below the national poverty rate among 

Orthodox Christians (19.9%) and Muslims (16.3%). These differences might be 

attributable to the proportion of population following the specific religion and age 

of the religion since its introduction in Ethiopia. Religions with wider coverage 

and longer age in Ethiopia (Muslims and Orthodox Christians) could be more 

likely to be better off in their resource endowments and social capital, leading to 

better welfare conditions of their followers. 

 

3.2.2 Time-taken to exit poverty 

 

The length of time required, for the average poor person, to exit poverty at different 

potential expenditure per capita growth rates is an important information for 

designing and implementing poverty reduction strategies. The real consumption 

expenditure per capita of people in the base scenario (2015) was considered to predict 

four different growth scenarios (5%, 8%, 11%, and 14%).  Depending on the annual 

growth scenarios assumed, the time taken to exit poverty varies from nine to 26 years 

(Figure 3). The higher the annual growth rate (g) of expenditure per capita, the shorter 

time-taken (t) to exit poverty. 

  

 
7 According to the LSMS (2015/16) dataset, the population shares of religions in Ethiopia 

were 46.5% (Orthodox), 31.4% (Muslims), 19.7% (Protestant), 1.2% (Catholic), and 

1.1% (other religions including Catholic, Traditional, Waketeta, Pagans, etc.).  
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Figure 3: Incidence of poverty and time-taken to exit poverty 

 

 

Accordingly, the mean annual expenditure per capita of the poor at the 

given growth scenarios and predicted time-taken to exit poverty converges to 

ETB 16260 (Figure 4). If Ethiopia is able to achieve an annual growth of real 

expenditure per capita of eight percent, it will take 26.4 years to attain the first 

two Sustainable Development Goals (SDG) of the United Nations (UN) (ending 

poverty and hunger) by 2032 (2-years later). If 11 percent annual growth of 

expenditure per capita (ETB 519 per year) is attained, the average poor person 

requires about 12 years to exit poverty trap (by 2027). However, lower annual 

growth rates of expenditure per capita (5% and below) will take the country 

longer than two and half decades to exit poverty. 
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Figure 4: Intensity of poverty and time-taken to exit poverty  

 

 

3.3 Correlates of Poverty 

 

As reported in Table 6, the Tobit model outputs were consistent with 

other nonparametric analytical results discussed in this paper. Out of 16 

hypothesized correlates of poverty, 14 of them were identified to be statistically 

significant sources of intensity of poverty and probability of being poor in 

Ethiopia.  

Family size, number of meals served per day, source of safe drinking 

water, access to off-farm activities, private ownership of telephone lines, access 

to credit, literacy status, ownership of improved toilet facility, type of house  

floor, consultation for medical assistance, number of rooms in the house and place 

of residence were positively correlated with welfare and negatively related to 

intensity of poverty. On the other hand, incidence of food shortage and source of 

light were negatively correlated with welfare by aggravating poverty and by 

depleting income which would have otherwise been allocated for other 

consumption items.  

The overall marginal effect of these covariates on the ratio was 0.787, 

which is the expected welfare ratio of the poor. On average, poor individuals were 
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expected to be 21.3 percent far below the poverty line8. The most important 

variables largely correlated to intensity of poverty were telephone ownership 

(5.1%), source of light (-3.7%), type of house floor (3.7%), and incidence of food 

shortage (-3.1%). 

 

Table 7: Correlates of poverty in Ethiopia 

Correlates Coefficient 
Standard 

errors 

Marginal effects 

Intensity Probability 

Family size (counts) 0.074*** 0.002 0.017 -0.059 

Number of meals served per day  0.045*** 0.008 0.010 -0.036 

Source of safe drinking water  0.045 ***  0.008 0.010 -0.036 

Access to off-farm activities 0.025*   0.013 0.006 -0.019 

Private ownership of telephone lines 0.216*** 0.008 0.051 -0.179 

Access to credit 0.067*** 0.009 0.015 -0.052 

Literacy status 0.059*** 0.008 0.014 -0.048 

Incidence of food shortage  -0.127*** 0.009 -0.031 0.109 

Source of light  -0.153*** 0.008 -0.037 0.130 

Ownership of improved toilet 

facility 
0.030*** 0.008 0.007 -0.024 

Type of house floor 0.176*** 0.014 0.037 -0.123 

Access to washing water -0.011 0.018 -0.003 0.009 

Consultation for medical 

assistance  
0.018*** 0.008 0.004 -0.014 

Employment opportunity  0.016 0.064 0.004 -0.013 

Number of rooms in the house 0.043*** 0.004 0.010 -0.035 

Place of residence 0.035*** 0.011 0.008 -0.028 

Constant 0.405*** 0.027 - - 

Marginal effects: E(y/y<1), Pr(0<y<1)- 0.787 0.220 

Pseudo R2  0.2734 

LR chi2(16)  5515.14*** 

Observations 19577 

Left-censored observations 0 

Uncensored observations 5194 

Right-censored observations 14383 

Note: *** and *, respectively, denote strong (1%) and weak (10%) significance levels. 

Source: Author’s computation from LSMS data (2019). 

 
8 The intensity of the welfare ratio for the poor (22.0%) is consistent to the FGT poverty 

index (22.1%) estimated in this study above, confirming the explanatory power of the top-

coded Tobit model. 
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The likelihood of people to be poor was 22.0 percent. The most important 

variables largely reducing the probability of being consumption poor were 

telephone ownership (by 17.9%), type of household floor (by 12.3%), and family 

size (by 5.9%). But their likelihood to be poor was largely and positively corrected 

with source of lighting (by 13.0%) and incidence of food shortage (by 10.9%). 

 

3.4 Decomposition of Poverty 

3.4.1 Rural-urban decomposition of poverty 

 

The alleviation of FGT poverty was decomposed by population 

subgroups (place of residence) and the results are as reported below (Table 7). 

The incidence, depth and severity of poverty in Ethiopia was mainly attributable 

to place of residence. The absolute effect of rural areas on the incidence of poverty 

was by far higher (19.6% and more) than the rest two areas of residence. About 

88.5 percent of poverty incidence observed among persons was in rural areas of 

Ethiopia. Similarly, the relative contribution and depth and severity of poverty 

were very high (87.7% and 87.3%) in rural areas of Ethiopia. In order to attain 

national poverty reduction targets of the country, the decomposition results 

clearly suggest the urgent need to reduce poverty in rural areas of Ethiopia. 
 

Table 8: Rural-urban decomposition of poverty 

Place of residence FGT index 
Absolute 

contribution 

Relative 

contribution 

Incidence (α=0)    

Rural 0.241 0.196 0.885 

Small towns 0.155 0.008 0.038 

Medium and large towns 0.127 0.017 0.076 

Country level  0.221 0.221 1.000 

Depth (α=1)    

Rural 0.064 0.052 0.877 

Small towns 0.052 0.003 0.047 

Medium and large towns 0.034 0.005 0.075 

Country level  0.060 0.060 1.000 

Severity (α=2)    

Rural 0.026 0.021 0.873 

Small towns 0.022 0.001 0.049 

Medium and large towns 0.014 0.002 0.078 

Population level 0.024 0.024 1.000 

Source: Author’s computation from LSMS data (2019). 
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3.4.2 Poverty decomposition by expenditure components  

 

FGT poverty indices were also decomposed by expenditure components 

(food and nonfood) using the Shapley value (Table 8). As expected, the absolute 

contribution of each expenditure component had negative signs. Food 

consumption expenditure had the largest absolute effect in reducing incidence 

(65.3%), depth (71.3%) and severity (68.8%) of poverty  

The relative contribution of food expenditure is also in line with the 

results of the absolute contribution. About 85.2 percent of the poverty incidence, 

76.3 percent of the poverty gap, and 70.6 percent of severity of poverty in 

Ethiopia were attributable to food consumption expenditure.  

 

Table 9: Decomposition of poverty by expenditure components using the 

Shapley value 

Expenditure components 
Expenditure 

share 

Absolute 

contribution 

Relative 

contribution 

Incidence (α=0)    

Food consumption  0.785 -0.653 0.852 

Nonfood consumption  0.215 -0.114 0.148 

Total  1.00 -0.767 1.000 

FGT index 0.233 

Depth (α=1) 1.000   

Food consumption  0.785 -0.713 0.763 

Nonfood consumption 0.215 -0.222 0.237 

Total  1.000 -0.936 1.000 

FGT index 0.064 

Severity (α=2)    

Food consumption  0.785 -0.688 0.706 

Nonfood consumption  0.215 -0.286 0.294 

Total  1.000 -0.974 1.000 

FGT index 0.026 

Poverty line 14758 

Source: Author’s computation from LSMS data (2019). 
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4. Concluding Remarks 

 

Ethiopia has been designing ambitious policies and undertaking several 

development interventions for alleviating poverty. These policies have brought 

substantial improvements in the welfare of the society but with different 

implications. However, there are multiple controversies on poverty estimates 

mainly arising from inconsistent research findings. These controversies and 

inconsistent findings are mainly related to the coverage and reliability of data, 

poverty measures used and the methods of poverty estimation.  

To account for these limitations and sources of controversy, this paper 

has utilized a country-representative dataset of the LSMS and generated poverty 

estimates using rigorous distributive analysis (with DASP software). Real 

expenditure per capita of samples drawn from all over the country were used. 

Alterative indicators of poverty were estimated to check for consistency and 

reliability of the findings. Moreover, poverty estimates were decomposed into 

their constituent sources for identifying possible options of alleviating poverty.  

The findings indicate that poverty in Ethiopia was significantly 

differentiated across population subgroups, including regional states, gender, and 

place of residence. These differences among population subgroup require poverty 

reduction strategies to be differentiated across regions, contributing to rural-urban 

transformation, and securing gender balance in all dimensions of poverty. 

Appropriate poverty alleviation policies and equitable allocation and use of 

available resources between and among population subgroups and selection of 

relevant interventions need to be the primary foci of policy makers and other 

stakeholders. 

Alterative scenarios of real expenditure per capita growth rates were 

assumed and the corresponding time taken to exit poverty were estimated. 

Estimates of these alterative scenarios suggest the need to accelerate growth of 

disposable income to attain the SDGs of ending poverty and hunger in all its 

forms by 2030. In order to attain such SDGs of the United Nations, Ethiopia 

should design and implement poverty alleviation policies and interventions 

enabling to register eight to 11 annual growth rates of real expenditure per capita 

of citizens.  
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Abstract 

 

Despite the high wheat production potential of Ethiopia, domestic production 

has been unable to match domestic demand, forcing the country to be a net 

wheat importer. Several development activities have aimed at increasing 

improved technological adoption to boost wheat yield. These have used linear 

and top-down approaches to disseminate different technologies. Recently, a new 

approach known as a technology dissemination innovation platform (IP) has 

been tried in four of the major wheat producing regions by the Support to 

Agricultural Research for Development of Strategic Crops (SARD-SC) wheat 

project. Despite this, there has no empirical investigation of this approach. This 

paper details the result of investigating the impact of wheat technology adoption 

through a technology dissemination IP approach. It uses two period survey data 

collected from 506 sample households in 2012 and 2016. Household Food 

Insecurity Access Scale (HFIAS) measures were used to investigate the impact 

of the intervention on food security and a simple poverty scorecard approach to 

assess the impact on poverty. Both propensity score matching and difference-

in-difference econometric models were utilized to investigate the impact on 

wheat yields. The results reveal that the intervention brought about a significant 

and positive impact on food security, poverty and wheat yield.  Adapting an 

innovation platform approach would, therefore, have a positive impact on yield 

increment, food security and poverty in implementing projects that have 
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national importance. In addition, it is clear the current widely used, linear, top-

down extension approach should be replaced by an approach that follows a 

technology innovation platform and which would provide a positive impact in 

these areas. 

 

Keywords: propensity score matching, impact, wheat, technology dissemination 

innovation platform, Ethiopia 

JEL Codes: D02, D13, Q12 

 

 

 

1. Introduction 

 

Wheat is used both as a staple food crop and an industrial crop in 

Ethiopia, an important cereal crop that is widely produced and consumed. During 

the 2015/16 meher cropping season, 1,664,564.62 hectares of land were allocated 

to wheat, producing 4,219,257 tons, implying a yield of 2.535 tons/ha (CSA, 

2016). Both bread and durum wheat are grown in Ethiopia (Bekele et al, 2014). 

The consumption of wheat is gradually increasing especially in urban areas due 

to a growing population and changes in life style. However, despite the high 

potential for wheat production, domestic production falls short of domestic 

demand forcing the country to be a net importer of wheat grain. Only 70% of 

national demand is met from domestic production, the remaining 30% through 

import (Bekele e al, 2014). One possible reason for the gap between domestic 

wheat production and national demand can be attributed to the low productivity 

of wheat farming. The national average yield of 2.5 tons (CSA, 2016) compares 

to research station yields of 5.6 tons or farm yields of 4.4 tons per hectare (MoA, 

2017). Low productivity can be attributed to the limited use of technologies and 

agro-ecological factors such as rain, temperature and diseases outbreak (Chilot et 

al., 2015; Araya et al., 2015). 

To enhance wheat productivity and improve self-sufficiency in wheat, 

the wheat research program conducted by federal and regional research centers 

and assisted by different international agricultural researches, including the 

Center for Wheat and Maize Improvement (CIMMYT) and the International 

Center for Agricultural Research in Dry Areas (ICARDA), has been playing an 

important role. As a result, a lot of improved wheat varieties have been released 
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and are under production. Adoption of improved wheat technologies is 

fundamental for increased productivity and farmers’ livelihoods. However, for 

wheat technology to be effectively used, an effective dissemination strategy is 

necessary. This is usually done through the national extension program and 

mainly by the Ministry of Agriculture; some other projects and programs focusing 

on the wheat sector have also been able to assist the dissemination process. 

However, the conventional Agricultural Research for Development 

(AR4D) processes in Ethiopia are based on linear and top-down approaches 

involving research, extension and farmers as the main actors, with research 

developing new technologies and disseminating these to farmers through the 

extension program. These approaches have been criticized for being supply-

driven and having limited impact on the development, dissemination and 

adoption of agricultural technologies. Current trends show a shift from the 

conventional AR4D to the system of ‘Integrated Agricultural Research for 

Development’ (IAR4D) involving an Innovation Platform (IP) approach 

(Adekunle et al., 2013) with the goals of bringing various actors together to build 

networks and reach more farmers by stimulating an effective innovation system. 

The IP is inclusive and follows a participatory process among various 

stakeholders which helps to develop and make wheat technology packages 

available and support their wider adoption (Homann-Kee et al. 2015).  

The Support to Agricultural Research for Development of Strategic 

Crops (SARD-SC) wheat project has been implemented since 2013 via an 

innovation platform (IP) approach, aiming at enhancing wheat productivity and 

provide income for increased food security and poverty alleviation. The project, 

financed by the African Development Bank (AfDB), focused on wheat 

technology generation, dissemination and adoption by creating a conducive 

environment for stakeholders to come together and strengthen farmers to maintain 

wheat production in selected high potential and low productivity IP sites. 

Technology dissemination using the IP approach has been practiced in six 

districts in four major wheat producing regions (Oromia, Amhara, SNNPs and 

Tigray). Wheat producers were supported in this intervention through revolving 

seed supplies along with pertinent training, providing participation in 

demonstration and popularization of best-bet wheat technologies, enhancing the 

dissemination process by providing training and organizing field days, and 

strengthening farmer-to-farmer technology diffusion. A total of 7906 farmers 

benefited from the intervention through training and obtaining improved seed in 
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all four regions. The project targeted improved technology adoption to provide a 

positive change in wheat yield, food security and poverty reduction. Evaluating 

the impact of this wheat technology adoption through the IP approach before 

implementing similar technologies in other areas is important to ensure one can 

learn from the limitations and encourage positive outcomes. This research was 

designed to analyze this impact on beneficiaries in terms of wheat yield, food 

security and poverty.  

There have been previous empirical studies on adoption and impact of 

agricultural technologies in general and on wheat in particular in Ethiopia and in 

the rest of the world (Awotide et al, 2012; Berihun et al, 2014; Bekele et al, 2000; 

Bekele et al, 2014; Morris et al, 1999; Tesfaye et al, 2016; Tsegaye and Bekele, 

2012). Most of the previous studies have focused either on specific locations only 

or on single outcome variables due to the effect of technology adoption. This 

paper adds value to the existing literature in covering the impact of an intervention 

on several outcome variables at the intervention sites, namely wheat yield, food 

security and poverty reduction. This will allow other similar interventions to learn 

from the impact of wheat technology adoption through dissemination IP approach 

on wheat farmers yield, food security and poverty in major wheat producing areas 

of Ethiopia.  

 

2. Methodology and the Study Approaches 

2.1 The Study Area 

 

The study of SARD-SC IP sites was conducted in six districts selected 

from the four major wheat producing regions of Ethiopia, namely Oromia, 

Amhara, SNNP and Tigray. These account for 99% of national wheat production, 

with production shares of 58%, 29%, 9% and 4%, respectively (CSA, 2016). Two 

districts from East Gojjam zone (Enemay and Shebel Berenta) of Amhara region, 

and Bale zone (Sinana and Gololcha) of Oromia region, and one district from the 

South Tigray zone (Ofla) of Tigray region and the Gurage zone (Gedebano 

Gutazer Welene district) of SNNP region, were selected. These districts were 

selected by the regions themselves for the SARD-SC wheat project IP 

intervention and they had not received enough attention and support from other 

development projects to enhance wheat production and productivity. 
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Figure 1 provides a map of the study areas within Ethiopia. 

 

Figure 1: Map of the study districts, 2016 

 

2.2 Data Collection Procedures 

 

The SARD-SC wheat intervention activities took place in 18 kebeles and 

six selected districts (Ofla, Enemay and Shebele-Berenta, Sinana and Gololcha, 

and Gedebano Gutazer Welene) from four regions. The study utilized mainly 

primary data sources collected in two stages, a baseline survey conducted in 2012 

and an end-line survey conducted during 2016. The primary data were collected 

from a total of 506 sample households (214 beneficiaries and 292 non-

beneficiaries) drawn randomly from the list of wheat producer households from 

whom the baseline information was collected during 2012. With the same (506) 

households providing data for the end-line survey (2016) we covered two time 

periods for a total of 1012 observations. Table 1 presents the distribution of the 

sample households. 
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Table 1: Distribution of the sample households by IP site 

Region Zone District Non-beneficiary Beneficiary Total 

Amhara East Gojjam 
Enemay 54 42 96 

Shebel-Berenta 42 47 89 

Oromia Bale 
Sinana 67 29 96 

Gololcha 46 34 80 

SNNP Gurage GGW 31 23 54 

Tigray South Tigray Ofla 52 39 91 

Total   292 214 506 

GGW=Gedebano Gutazer Welene, SNNP=South Nations Nationalities and People 

Note: A 506 sample in 2012 and the same 506 sample in 2016 provided a total of 1012 

observations. 

 

The primary data included detailed information regarding the socioeconomic 

characteristics of farm households, farm practices, access to agricultural services 

and qualitative food security and poverty related issues. In addition, a desk review 

was conducted to understand and conceptualize the impact assessment using 

different published and unpublished sources, and electronic and print media.  

 

2.3 Method of Data Analysis  

 

The data collected was analyzed and synthesized using different statistical and 

econometric tools. Descriptive statistics, means, chi-square test, t-test, were 

utilized to analyze the data and summarize information. Two econometric 

models, Propensity Score Matching (PSM) and Difference in Difference (DID), 

were employed to evaluate the impact of intervention on wheat yields. Using the 

two models in combination is more convincing and gives better confidence of 

impact evaluation (Gertler et al., 2016).  

 

2.3.1 Analysis of the impact of intervention on food security  

 

Household food security status can be assessed using quantitative 

approaches by calculating daily calorie intake or a qualitative approach through 

household food insecurity access scale (HFIAS) measurement indicators 

following Coates et al (2007).The HFIAS approach has the advantage of 
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categorizing households into four categories: food secured,  mildly food insecure, 

moderately food insecure and severely food insecure, rather than the usual ways 

of categorizing households into two: food secured, for those above the minimum 

threshold of calorie intake (2200 kilo calorie/day/adult), and all others food 

insecure. We used the HFIAS for this study. Coates et al (2007) suggests a 

questionnaire consisting of nine occurrence questions that represent a generally 

increasing level of severity of food insecurity (access), each having nine 

“frequency-of-occurrence” follow up questions to determine how often the 

condition occurred over the last four weeks. This category is based on the 

responses of the respondents to these nine occurrences and frequency of 

occurrence questions (Coates et al., 2007). 

 

2.3.2 Analysis of the impact of intervention on poverty reduction 

 

Rural household progress out of poverty can be evaluated using the simple 

poverty scorecard (Schreiner and Chen, 2009). The authors used the simple 

poverty scorecard of 11 low-cost indicators from Ethiopia’s 2004/5 Household 

Income, Consumption and Expenditure Survey and the 2004 Welfare Monitoring 

Survey to estimate the likelihood that a household had expenditure below a given 

poverty line ($1.25/capita/day for instance). Recently, there has been a new 

version of the simple poverty scorecard, reducing the indicators from 11 to eight 

(Schreiner, 2016). However, since the data for this research was collected in 2012 

and 2016, it proved difficult to adopt this new version of the simple poverty 

scorecard; hence the older version has been utilized to evaluate the impact of the 

intervention of the wheat project on poverty reduction, using the two time periods 

(2012 before the project) and 2016 (the final year of the project). Measurement 

of the PPI for rural household and the indicators is annexed in the appendices.  

 

2.3.3 Econometric models 

 

For non-experimental design treatment and control groups, the two appropriate 

and most commonly used impact assessment econometric models are Propensity 

Score Matching (PSM) and difference-in-difference (DID) (Gertler et al., 2016). 

However, both have their own limitations and strengths. The PSM method is 

better as it matches and assigns the score of the matching to each observation 

based on the observed covariates. It is also to be preferred when there is no 
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baseline data, but it needs a large sample size and cannot take care of unobserved 

factors that affect outcomes of interest which lead to selection bias. On the other 

hand, the DID method is used when both baseline and end-line data are available 

and it can handle small sample sizes. One of the serious assumptions necessary 

for the DID method to be valid is the parallel trend assumption that needs no 

difference in trends for both the treatment and control groups. Owing to the 

inherent limitations of either, combining the two methods is to be preferred to 

produce a confident report of the impact of the intervention (Gertler et al., 2016). 

In this study, we used both PSM and DID, using both whole and matched samples. 

 

Propensity score estimation procedure to estimate impact on wheat yield   

 

As revealed in Rosenbaum and Rubin (1983), matching can be performed 

conditioning only on P(X) rather than on X, where P(X) = Prob (D=1|X) is the 

probability of participating in the program conditional on X. They state that if 

outcomes without the intervention are independent of participation given X, then 

they are also independent of participation given P(X), reducing a 

multidimensional matching problem to a single dimensional problem. The 

implementation of the matching method is based on choosing a set of variables X 

(covariates) that reasonably satisfy this condition (Caliendo and Kopeinig, 2005). 

To guide this choice, economic theories, information from previous researches 

and about institutional settings are important to select appropriate covariates 

(Sianesi, 2004; Smith and Todd, 2005). The logit model can be used to assess 

factors influencing participation in the project. In estimating the logit model, the 

dependent variable is participation which takes a value of 1 if the household 

participated in a program and 0 otherwise (Gujarati (2004). 

 

According to matching theory (Rosenbaum and Robin, 1983; Bryson et al., 2002; 

Jalan and Ravallion, 2003), the propensity score generated through the logit 

model should include predictor variables that influence the selection procedure or 

participation in the program and the outcome of interest. Based on the findings of 

previous empirical studies on impact assessments, relevant pre-intervention 

covariates (explanatory variables) were identified and included in the logit model 

for this study. To minimize the problem of unobservable characteristics in 

evaluation of the impact of the project, we included as many explanatory variables 

as possible in this study. The effect of household’s participation in the SARD-SC 

wheat project on a given outcome (Y) is specified as: 
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𝝉𝒊 = 𝑫𝒊(𝑫𝒊 = 𝟏) − 𝒀𝒊(𝑫𝒊 = 𝟎)     (1) 

 

Where τi is the treatment effect (effect due to participation in SARD-SC wheat 

project), Yi is the outcome on household i, Di is whether household i has got the 

treatment or not (i.e., whether a household participated in the project or 

not).However, since Yi (Di =1) and Yi (Di =0) cannot be observed for the same 

household simultaneously, estimating individual treatment effect τi is impossible 

and one has to shift to estimating average treatment effects for the population 

rather than individuals. The most commonly used average treatment effect 

estimation is the ‘average treatment effect on the treated’ (τ ATT) which is 

specified as: 

 

𝝉𝑨𝑻𝑻 = 𝑬(𝝉|𝑫 = 𝟏) = 𝑬[𝒀(𝟏)|𝑫 = 𝟏] − 𝑬[𝒀(𝟎)|𝑫 = 𝟏]  (2) 

 

Since the counterfactual mean for those being treated, E[Y (0) |D =1] is not 

observed, there is a need to choose a proper substitute for it to estimate average 

treatment effect on the treated (ATT).  It might be thought that using the mean 

outcome of the untreated individuals, E[Y (0) |D=0] as a substitute to the 

counterfactual mean for those being treated, E[Y (0) |D =1] is possible, but this is 

unsatisfactory especially in non-experimental studies, because it is likely that 

components which determine the treatment decision also determine the outcome 

variable of interest. In our particular case, variables that determine household’s 

participation in the SARD-SC wheat project could also affect household’s wheat 

yield and food security. Therefore, the outcomes of individuals from the treatment 

and comparison group would differ even in the absence of treatment, leading to a 

self-selection bias. However, by rearranging and subtracting E[Y (0)|D =0] from 

both sides of equation 2, ATT can be specified as: 

 

𝑬[𝒀(𝟏)|𝑫 = 𝟏] − 𝑬[𝒀(𝟎)|𝑫 = 𝟎] = 𝝉𝑨𝑻𝑻 + 𝑬[𝒀(𝟎)|𝑫 = 𝟏] − 𝑬[𝒀(𝟎)|𝑫 = 𝟎]  

          (3) 
 

In equation 3, both terms in the left-hand side are observables and ATT can be 

identified if there is no self-selection bias, that is if, and only if, E[Y (0) |D =1] -

E[Y (0) |D =0] =0. However, this condition can only be ensured in randomized 

experiments (when there is no self-selection bias). Therefore, some identified 

assumptions must be introduced for non-experimental studies to solve the 
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selection problem. Basically, there are two strong assumptions available: the 

Conditional Independence Assumption (CIA) and the Common Support 

Condition (CSC). The CIA is given as:   

 

𝒀𝟎𝒀𝟏  ⊥
𝑫

𝑿
, ∀𝑿,       (4) 

 

Where ⊥ indicates independence, X -is a set of observable characteristics, Y 0 -

non-participants andY1 –participants. Given a set of observable covariates (X) 

which are not affected by treatment (in our case, participation in the SARD-SC 

wheat project), potential outcomes (wheat yield, food security and poverty 

reduction) are independent of treatment assignment (that is independent of how 

the households were selected for the project). The implication of CIA assumption 

is that selection was solely based on observable characteristics (X) and variables 

that influence treatment assignment (participation in the project) and potential 

outcomes (wheat yield, food security and poverty reduction) were simultaneously 

observed (Bryson et al., 2002; Caliendo and Kopeinig, 2005). Hence, after 

adjusting for observable differences, the mean of the potential outcome is similar 

for D = 1 and D = 0. Therefore, 𝐸(𝑌𝑂 /𝐷 = 1, 𝑋) = 𝐸(𝑌𝑂/𝐷 = 0, 𝑋). 

Imposing a Common Support Condition CSC) ensures that any 

combination of characteristics observed in the treatment group can also be 

observed among the control group (Bryson et al, 2002).  

Based on the above two assumptions, the PSM estimator of ATT can be 

written as:  

 

𝝉𝑨𝑻𝑻 = 𝑬[𝒀𝟏 − 𝒀𝟎|𝑫 = 𝟎, 𝒑(𝒙)] = 𝑬[𝒀𝟏|𝑫 = 𝟏, 𝒑(𝒙)] − 𝑬[𝒀𝟎|𝑫 = 𝟎, 𝒑 (𝒙)] 

         (5) 

Where P(x) is the propensity score computed on the covariates X. The 

above equation shows that the PSM estimator is the mean difference in outcomes 

over the common support, appropriately weighted by the propensity score 

distribution of participants. 

 

Difference-in-Difference (DID) 

 

The DID model can be specified as:  

𝒀𝒊 = 𝜶 + 𝜷𝑻𝒊 + 𝜸𝒕𝒊 + 𝜹(𝑻𝒊. 𝒕𝒊) + 𝜺𝒊     (6) 
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Where Yi is wheat yield of the sample household, α, β, γ, δ, are unknown 

parameters to be estimated, εi is a random, unobserved error term which contains 

all determinants of Yi which the model omits. Here α, represents a constant term 

while β represents the treatment group specific effect (to account for average 

permanent differences between treatment and control), γ stands for time trend 

common to control and treatment groups, and δ represents the true effect of 

treatment. Unlike the PSM method which used observed covariates to generate 

the propensity score, the covariates and other unobserved individual specific 

variables are assumed to be time invariant (unchanged over time). In doing this, 

the DID method controls not only observed time invariant but also unobserved 

time invariant variables (Gertler et al., 2016). 

Before using the DID method, it is important to check the validity of the 

underlying assumption of parallel trend assumption. Although there is no way to 

prove this, the validity of the parallel trend assumption can be tested in different 

ways. One is to compare changes in outcome for the treatment and for the control 

groups before the implementation of the program and visually evaluate parallel 

trends. This needs at least two serial observations prior to the intervention. The 

second method is to conduct a Placebo test, by performing additional DID 

estimation using either fake treatment, outcome variable, or a control group 

(Gertler et al., 2016).  The researcher needs to take care to choose which variable 

can be used as fake treatment, outcome or control group. In our case, the 

intervention is to boost yield (productivity) through improving dissemination of 

improved seeds along with improved agronomic practices through an innovation 

platform. Wheat area is related to wheat yield since yield is obtained as wheat 

production divided by wheat area. However, wheat area is not affected by the 

intervention because the intervention focused on technology utilization to boost 

yield. Hence, wheat area was used as a fake outcome variable.  

The equation used for the purpose of the Placebo test is indicated in 

equation (7).  

 

𝑨𝒊 = 𝜶 + 𝜷𝑻𝒊 + 𝜸𝒕𝒊 + 𝜹(𝑻𝒊. 𝒕𝒊) + 𝜺𝒊    (7) 

 

Where Ai is area under wheat crop and all other parameters and variables are as 

specified in equation (6). 
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3. Results and Discussion 

3.1 Results of the Descriptive Analysis 

3.1.1 Demographic characteristics of the sample households  
 

The demographic characteristics of the sample households showed that 

members of the sample households were about 45 years of age during the baseline 

survey year 2012 and 49 years during the end-line survey. Members had attended 

grade three on average and the family size was with three persons (converted to 

man equivalent) and almost constant over time. The sample households had 

nearly six livestock (measured tropical livestock units) on average, also constant 

over the two periods under consideration. On average a household owned 2.3 

hectares of land of which nearly one hectare was allocated to wheat; both 

variables showed a constant trend between the two survey years. There was, 

however, an increasing trend of wheat production over the two periods for the 

whole sample, participants and non-participants (Table 2).  
 

Table 2: Demographic and economic variables of households (continuous 

variables) 

Variables included in 

PSM 

Survey 

year 

Beneficiary 

(N=214) 

Non-

beneficiary 

(N=292) 

Total 

(N=506) 
T-

Value 

Mean (STD) Mean (STD) Mean (STD) 

Age of household head 
2012 44.8 (10.2) 45 (11.3) 44.9 (10.8) 0.21 

2016 48.8 (10.2) 48.99 (11.2) 48.91 (10.78) 0.85 

Education of head 
2012 2.9 (3.2) 3.2 (3.3) 3.1 (3.4) 1.06 

2016 2.95 (3.5) 3.26 (3.1) 3.13 (3.32) 0.30 

Family labor (ME)  
2012 3.3 (1.1) 3.3 (1.3) 3.3 (1.2) -0.12 

2016 3.42 (1.36) 3.39 (1.23) 3.4 (1.3) 0.77 

Livestock (TLU) 
2012 6.1 (4.3) 5.5 (3.3) 5.8 (3.7) -1.6 

2016 6.1 (4.9) 5.6 (3.7) 5.8 (4.2) 0.169 

Land owned (ha) 
2012 2.3 (1.7) 2.3 (1.3) 2.3 (1.5) -0.12 

2016 2.2 (1.5) 2.3 (1.4) 2.3 (1.6) .48 

Wheat area (ha) 
2012 0.9 (1.6) 0.9 (0.9) 0.9 (1.3) -0.14 

2016 0.95 (1.6) 0.93 (0.95) 0.94 (1.3) 0.887 

Wheat production (kg) 
2012 2781 (5573) 2284 (2946) 2494 (4261) -1.3 

2016 3037 (5669) 2612 (3512) 2792 (4550) 0.3 

STD = Standard Deviation,       ME = man equivalent     TLU = Tropical Livestock Unit 



Ethiopian Journal of Economics Vol. XXVIII No 1, April 2019 

 

 

 

135 

The discrete variables of the sample households indicate that most of the 

sample households were headed by males (94%), and had access to extension 

services with 94% of the sample households reported to have access in 2012 

though this decreased to 90% in 2016 with significant differences in proportion 

between the participating and non-participating households. The case was similar 

for access to credit which showed a declining trend compared to the baseline for 

all categories as well as for the whole sample. There were with significant 

differences between participants and non-participants in 2016 compared to 

insignificant differences in the baseline survey. However, the proportion of 

sample households which owned mobiles showed an increasing trend with no 

significant difference between participants and non-participants in both years.  
 

Table 3: Gender, institutional and communication variables of households 

(discrete variables) 

Discrete 

variables  

Year of 

survey 

Beneficiary 

(N=214) 

Non-

beneficiary 

(N=292) 

Total 

(N=506) 𝝌𝟐 

Freq. % Freq. % Freq. % 

Sex of 

household 

head (% 

Male) 

2012 202 94.4 275 94.2 477 94.3 0.01 

2016 202 94.4 275 94.2 477 94.3 0.01 

Access to 

extension 

(%Yes)  

2012 200 93.5 275 94.2 475 93.9 0.11 

2016 201 93.5 255 87.3 456 90.1 6.0*** 

Access to 

credit (%Yes) 

2012 132 61.7 182 62.3 314 62.1 0.02 

2016 93 43.5 82 28.1 175 34.6 12.9*** 

Mobile 

ownership 

(%Yes) 

2012 126 58.9 161 55.1 287 56.7 0.7 

2016 132 61.7 175 59.9 307 60.7 0.7 

 

3.1.2 Wheat yield  
 

Table 4 presents wheat yield (ton/ha) of sample households in the 2012/13 and 

2015/16 cropping seasons. The results indicated that yield of the beneficiaries 

(participants) at all of the IP sites was significantly higher than the non-

beneficiaries in 2016 while it was significantly lower for the overall sample in 
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2012 with the exception of Enemay and Sinana where farmers who participated 

in the project already had higher yields than nonparticipants, indicating that the 

intervention had brought a significant positive effect on participants’ wheat yield. 

There was, however, a variation in yield among the IP sites, with the highest 

yields reported by participants of the Sinana IP site in Oromia regional state and 

the lowest among non-beneficiaries of the Gedebano Gutazer Welene (GGW) 

district of Gurage zone of the SNNP regional state. 

 

Table 4: Wheat yield (ton/ha) of sample households, in 2012/13 and 2015/16 

District 
Category 

N 
Year 2016 Year 2012 

Mean (SD) P-value Mean (SD) P-value 

Enemay 
Beneficiary  42 2.18 (1.1) 

0.005*** 
2.14 (1.33) 

0.001*** 
Non-beneficiary  56 1.62 (0.82) 1.45 (0.71) 

Shebel-

Berenta 

Beneficiary  47 1.82 (0.57) 
0.037** 

1.5 (0.86) 
0.479 

Non-beneficiary 40 1.5 (0.85) 1.39 (0.49) 

Sinana 
Beneficiary  29 3.74 (0.84) 

0.037** 
3.53 (0.99) 

0.000*** 
Non-beneficiary 67 3.18 (1.31) 2.75 (1.00) 

Gololcha 
Beneficiary  34 3.6 (0.93) 

0.034** 
3.69 (1.2) 

0.283 
Non-beneficiary 46 3.1 (1.11) 3.39 (1.25) 

GGW 
Beneficiary  23 2.7 (1.1) 

0.000*** 
1.55 (0.94) 

0.695 
Non-beneficiary 31 1.2 (1.0) 1.44 (1.0) 

Ofla 
 Beneficiary  39 2.53 (0.65) 

0.007*** 
2.15 (0.86) 

0.535 
Non-beneficiary 52 1.97 (1.13) 2.26 (0.93) 

Total Beneficiary  214 2.66 (1.11) 
0.000*** 

2.37 (1.34) 
0.110 

 Non-beneficiary 292 2.22 (1.31) 2.19 (1.19) 

**/*** means significant at 5% and 1% level of significances, respectively.  

 

3.1.3 Household Food Insecurity Access Scale (HFIAS) 

 

The impact of the intervention on the level of food security of the sample 

households is presented in Table 5. The result shows that the proportion of the 

overall sample households categorized in the food secured group of the 

participants was significantly higher (49 %) than non-participants (45%). 

Likewise, the proportion of participating sample households categorized as 
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mildly food insecure was also higher (18 %) than the non-participants (11%). 

However, the proportion of participating sample households categorized as 

moderately food insecure (20%) was significantly lower than non-participants 

(28%). Similarly, the proportion of participating households categorized as 

severely food insecure was lower (13%) than participants (16%) implying that 

the intervention had produced a positive impact on the food security status of 

participants in the study sites. Our results are in line with those of Bekele et al 

(2014) who reported that technology adoption has had a positive impact on food 

security in Ethiopia.  

 

Table 5: Food security status of the participants and non-participants  

Category Particulars 
Food 

secured 

Mildly 

food 

insecure 

Moderately 

food 

insecure 

Severely 

food 

insecure 

Total 

Non-

beneficiary 

Number 131 33 81 47 292 

Percent 45 11 28 16 100 

Beneficiary 
Number 105 39 42 28 214 

Percent  49 18 20 13 100 

Total  
Number 236 72 123 75 506 

Percent  47 14 24 15 100 

Pearson chi2 (3) =   8.7273   Pr = 0.033 

 

3.1.4 Progress out of Poverty Index (PPI) 

 

One of the objectives of the wheat project intervention was to contribute 

to poverty reduction by improving livelihoods of participants. Table 6 presents 

the overall level of the sample households’ progress out of poverty. The sample 

households falling under the poverty line before the intervention (2012) and after 

implementation of the project (2016) were compared. The results indicated that 

there was no significant difference between the participating and non-

participating households at the end of the intervention period (p = 0.271). 

However, they clearly showed that participating households have been getting out 

of poverty at the rate of 0.52%, while non-participating households worsened at 

the rate of 1.7%. This was a significant difference at 10% implying that there was 

an improvement of the households participating in the project in terms of the 

progress out of poverty.  
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Table 6: Progress out of poverty index (PPI) of the overall sample 

households, 2016 

Particulars Category N Mean Std. Dev. p-value 

Population living under poverty 

line 2012 (1.25$/day) 

Beneficiary 214 43.10 22.09 
0.976 

Non-beneficiary 292 43.16 21.90 

Population living under poverty 

line 2016 (1.25$/day) 

Beneficiary 214 42.58 20.03 
0.271 

Non-beneficiary 292 44.86 21.32 

Change in poverty level (2012 

minus 2016) 

Beneficiary 214 0.52 12.47 
0.051* 

Non-beneficiary 292 -1.69 12.66 

*means significant at 10% level of significance. 

 

3.2 Econometric results 

3.2.1 Estimation of propensity scores 

 

The logistic regression model was used to estimate propensity scores for 

matching treatment households (those participating in the wheat project) with 

control households (non-participants). As specified above, the dependent variable 

in this model is binary, indicating whether the household was a participant in the 

project which takes a value of 1 and 0 otherwise. The analysis was done using 

STATA 13 computing software using the propensity scores’ matching algorithm 

with psmatch2 installed in the program.  

Table 7 shows the intervention participation estimation results of the 

logistic model of the period sample of 1012 (506 each in 2012 and 2016). The 

pseudo-R2 value of the estimated model result is 0.0272 which is distinctly low, 

indicating that the allocation of the project has been fairly random (Pradhan and 

Rawlings, 2002). The result suggests that participating households did not have 

diverse characteristics overall and hence obtaining a good match between 

participating and non-participating households was therefore easier. The 

estimated coefficient results indicated that participation in the project was 

significantly influenced by six explanatory variables, namely: education of 

household head, livestock ownership, wheat area, land holding, level of wheat 

produced and access to credit. The result indicated that the project targeted 

households who were significantly less educated, with larger livestock holdings, 

better access to credit, and with smaller total land holdings as well as wheat land 

but producing significantly higher potential for wheat production. 
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Table 7: Logit results of household program participation 

Variables  Coefficients 
Std. 

Err. 

Z-

values 
P-values 

Constant  -0.623 0.457 -1.36 0.173 

Sex of household head -0.044 0.268 -0.16 0.870 

Age of household head -0.002 0.007 -0.27 0.785 

Education of head (completed grade) -0.059 0.023 -2.59 0.010*** 

Family labor (Man Equivalent) 0.001 0.057 0.01 0.992 

Livestock in (TLU) 0.055 0.021 2.63 0.008*** 

Wheat area (ha) -0.741 0.218 -3.4 0.001*** 

Land owned (ha) -0.118 0.063 -1.89 0.059* 

Wheat production (Kg) 0.0002 0.0001 3.79 0.000*** 

Access to extension dummy (1=Yes, 

0=No) 
0.343 0.254 1.35 0.177 

Access to credit dummy (1=Yes, 0=No) 0.293 0.138 2.12 0.034** 

Mobile ownership dummy (1=Yes, 0=No) 0.043 0.147 0.29 0.770 

Year 2016 dummy 0.094 0.141 0.67 0.505 

Sample size (N) of two periods = 1012, LR chi2(12) =37.48   Log likelihood = -670.02 

Prob> chi2=0.0002,  Pseudo-R2 =0.0272 

**and *** mean significant at 5% and 1% level of significances, respectively. 

 

Matching participant and comparison households 

 

Before conducting the matching task itself, we carried out the necessary 

tasks required for PSM techniques: estimating the predicted values of program 

participation (propensity scores) for all households in or outside the program; 

imposing a common support condition on the propensity score distributions of 

household within and without the project; taking the decision to discard 

observations whose predicted propensity scores fell outside the range of the 

common support region; and finally conducting sensitivity analysis in order to 

check the robustness of the estimation (to evaluate whether hidden bias might 

affect the estimated ATT).  
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As shown in Table 8, the estimated propensity scores vary between 0.205 

and 0.886 (mean = 0.441) for project participants or treatment households and 

between 0.087 and 0.799 (mean = 0.406) for non-participants (control) 

households. The common support region lies between 0.205 and 0.799 (the 

minimum of the treated and the maximum of the control groups). In other words, 

households whose estimated propensity scores are less than 0.205 and greater 

than 0.799 were not considered for the matching exercise. As a result of this 

restriction, 12 households from the two periods (3 project and 9 control 

households) were discarded from the analysis due to their being out of common 

support region. 

 

Table 8: Distribution of estimated propensity scores 

 Group Observation Mean Std. Dev Minimum Maximum 

Treated 

households 
426 0.441 0.089 0.205 0.886 

Control 

households 
586 0.406 0.094 0.087 0.799 

Total households 1012 0.421 0.094 0.087 0.886 

 

Choice of matching algorithm 

 

Alternative matching estimators were tried to match the treatment and 

control households in the common support region. The final choice of a matching 

estimator was guided by several different criteria including equal means test, 

referred to as the balancing test (Dehejia and Wahba, 2002), pseudo-R2 and 

matched sample sizes. A matching estimator which balances all explanatory 

variables (and results in insignificant mean differences between the two groups), 

bears a low R2 value and results in large matched sample size, is preferable. 

Following Caliendo and Kopeinig (2005) matching quality was tested. 

Specifically, Caliper matching with 0.1, 0.25 and 0.5; kernel matching with band 

width of 0.1,0.25 and 0.5; and Nearest Neighbor matching (NNM) ranging from 

1 to 5 neighbors were tested. It was found that kernel matching with a band width 

of 0.1 was the best estimator for the data at hand. Hence, estimation results and 

discussion are the direct outcomes of the kernel matching algorithm based on a 

band width of 0.1. Kernel matching associates the outcome of the treated 

household with the matched outcome that is given by a kernel-weighted average 
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of all control groups (non-beneficiaries) for wheat project intervention. Since the 

weighted averages of all wheat project interventions in the control group are used 

to construct the counterfactual outcome, kernel matching has an advantage of 

lower variance because more information is used (Heckman et al., 1998). 

 

Testing the balance of propensity score and covariates 

 

Once the best performing matching algorithm is chosen, the next task in 

PSM technique is to check the balancing of propensity score and covariate using 

different procedures by applying the selected matching algorithm (here kernel 

matching with band width 0.1). Different testing methods can be used to assess 

the balancing powers of the estimations, most commonly a reduction in the mean 

standardized bias between the matched and unmatched households, or equality of 

means using t-test and chi-square test for joint significance for the variables used. 

The test results suggested the assumption of the model held (not presented for the 

sake of precision) and the ATT for the sample households could be estimated.  

 

Estimating the treatment effect and sensitivity analysis of the significant 

outcomes 

 

Table 9 presents the average treatment effect on treated (ATT) of the 

intervention of wheat technology adoption through a dissemination IP approach 

on wheat yield in Kg/ha. The result showed that the average yield of the 

participants (treated) was 2497 Kg/ha while that of non-participants (control) was 

2294 Kg/ha, which is significant at 1% (T-value =2.53). The result previously 

presented in the descriptive analysis was confirmed using an econometric model, 

both suggesting that the intervention brought a significant positive impact on the 

yield of the beneficiaries in the project IP sites. This result is in line with a 

previous study conducted by Tesfaye et al (2016) who found a positive impact 

from wheat technology adoption and Berhe (2016) who reported a positive impact 

on wheat yield in Ethiopia, and Takam-Fongang et al (2018) who found a positive 

impact from improved variety adoption on maize yield in Cameroon. Our results 

are also in line with the recent finding of Abate et al (2018) on the impact of the 

use of new technologies on farmers’ wheat yields in Ethiopia using a randomized 

control trial that reported that full package technology adoption had more impact 

on wheat yield. 
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Table 9: Impact of the participation in wheat technology adoption on wheat 

yield (Kg/ha)  

Sample Treated Controls Difference S.E. T-stat 

Unmatched 2515.84 2204.04 311.80 79.32 3.93*** 

ATT 2497.22 2293.53 203.69 80.62 2.53*** 

ATU 2215.87 2399.23 183.37 . . 

ATE   191.96 . . 

***means significant at 1% probability level. 

ATT= average treatment effect on the treated; ATU= average treatment effect on the 

untreated; ATE = average treatment effect 

 

Sensitivity analysis for significant outcome variables 

 

In order to control for unobservable biases, a sensitivity analysis of the 

wheat intervention on wheat yield was conducted. Table 10 shows the result using 

the Rosenbaum bounding approach. The critical level of 𝑒𝛾, which gives the 

causal inference of significant wheat project outcome to be questioned, is 

presented in the first row.  

Since the impact of the project is positive for wheat yield, only the upper 

bounds have been reported in this study.  As Becker and Caliendo (2007) note, 

assuming the true treatment effect has been underestimated, and reporting the 

lower bounds are less interesting. Rosenbaum bounds were therefore calculated 

for a wheat yield outcome that was positive and significantly different from zero 

(Rosenbaum, 2002). The outcome variable (wheat yield) is listed in the first 

column while the rest of the values which correspond to this row were p-critical 

values (or the upper bound of Wilcoxon significance level -Sig+) at different 

critical value of  𝑒𝛾 . 

The result shows that the inference for the effect of the wheat project 

interventions was not changing though the participants and non-participant 

households were allowed to differ in their odds of being treated up to 150% (2.5) 

in terms of unobserved covariates. That means, for the outcome variable (yield) 

estimated, at various level of critical value of 𝑒𝛾 ranging from 1 to 2.5, that the p- 

critical values were significant, further indicating that important covariates, 

affecting both participation and outcome variables, had been considered. The 

sensitivity analysis result showed that there was no critical value of 𝑒𝛾 where the 
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estimated average treatment effect on the treated (ATT) was questioned, even if 

the larger values up to 2.5 were set, and this was a larger value than that normally 

found in the literature, usually 2 (100%). It can, therefore, be concluded that the 

impact estimates (ATT) of this study were insensitive to unobserved selection 

bias and purely the effect of the wheat project interventions implemented in the 

project IP sites.  

 

Table 10: Result of sensitivity analysis using Rosenbaum bounding approach 

(upper bounds) 

Outcomes  𝑒𝛾 =1 𝑒𝛾 =1.25 𝑒𝛾 =1.5 𝑒𝛾 =1.75 𝑒𝛾 =2 𝑒𝛾 = 2.25 𝑒𝛾 = 2.5 

Yield P<0.000 P<0.000 P<0.000 P<0.000 P<0.000 P<0.000 P<0.000 

𝑒𝛾 (Gamma)=log odds of differential due to unobserved factors where Wilcoxon 

significance level for each significant outcome variable is calculated 

 

3.2.2 Result of Difference-in-Difference (DID) method 

 

Before rushing into estimating the DID, a Placebo test was conducted 

using the wheat area as a ‘fake’ outcome variable to check for the validity of the 

parallel trend assumption of the DID method. The test result indicated that there 

was no evidence for rejecting the parallel trend assumption as indicated by an 

insignificant p=0.686 and coefficient of the interaction term between year 2016 

dummy and participation of 0.05 (not reported), confirming that the parallel trend 

assumption held when the coefficient was zero or near to zero. Therefore, using 

the DID method, like the PSM, was valid for the data at hand. However, rather 

than using a standard DID method involving the whole sample, a modified DID 

using only matched samples (1000 instead of 1012) was used to evaluate the 

impact under the modified scenario. Table 11 presents the result of DID under 

both scenarios. The result shows that participating sample households had 

235kg/ha more yield than non-participating households based on the matched 

sample households with insignificant difference, and 262 kg/ha more yield than 

non-participating households based on the unmatched whole sample. This gives 

a significant difference at 10% probability level. 
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Table 11: DID result of impact of adoption of wheat technology via IP 

dissemination approach 

 

DID with whole sample 

(1012) 

DID with matched 

samples (1000) 

Wheat yield  Coef. Std. Err p>t Coef. Std. Err p>t 

Year2016 dummy 26 103 0.801 367 103. 0.722 

Participation  180 112 0.108 164 112 0.144 

Year 2016* participation 262 158 0.099 235 159 0.139 

Constant 2191 72 0.000 2198 73 0.000 

 

4. Conclusion and Recommendations 

4.1 Conclusion 

 

This study investigated the impact of a new approach to technology 

adoption using an innovation platform dissemination approach on yield, food 

security and poverty in the major wheat producing regions of Ethiopia. The result 

showed that the intervention brought a significant positive impact for the wheat 

yield of participating households. The result of the DID model showed that the 

participating households obtained more 235kg/ha wheat compared to non-

participants at the end of the project period. The intervention was also found to 

have a significant positive impact on food security and poverty reduction. To sum 

up, this study provides empirical evidence that interventions on promotion and 

dissemination of available technology through innovative methods such as IP 

approaches can make a positive impact on yields, food security and poverty 

reduction. A strategic innovation platform with best fit agricultural technologies 

would be effective for sustainable technology transfer and impact. 

 

4.2 Recommendation 

 

Based on the findings of this study, we would recommend shifting from 

the linear technology dissemination approach to an innovation platform approach 

under which farmers, extension workers, agriculture experts and subject matter 

specialists can come together, and receive training and experience sharing to help 

technology adoption to provide for higher levels of impact on yield and other 

aspects of farm household well-being. 
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Appendix 
 

Table 1: Questions set for indicator of poverty  

How many people are in the HH? 

 Do all children ages 6 to 12 attend school? 

Excluding kitchen and toilets, how many rooms 

What is the main construction material of the 

What type of toilet facility does the HH use? 

What is the main source of cooking fuel? 

Does the HH currently own any mattresses and/ 

Does the HH currently own any radio? 

Does the HH currently own any watches or clock 

Does the HH currently own any cattle, sheep, 

Does the HH currently own any jewellery (gold 

 

Table 2: Estimated poverty likelihoods associated with scores: ($1.25/day 

2005 PPP line) 

If a household’s score is…  then the likelihood (%) of being below the poverty line is: 

0-4 87.6 

5-9 82.9 

10-14 63.6 

15-19 58.3 

20-24 47.7 

25-29 38.5 

30-34 28.4 

35-39 18.5 

40-44 18.4 

45-49 18.6 

50-54 7.4 

55-59 5.0 

60-64 3.0 

65-69 2.2 

70-74 0.5 

75-79 1.1 

80-84 3.4 

85-89 9.3 

90-94 0.0 

95-100 0.0 
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The Effect of Power Outage on Micro and Small Enterprise 

Productivity: Evidence from Urban Ethiopia 

 

Sied Hassen1 *and Tigabu Degu2 

 

Abstract 

 

For this study, we conducted a cross-sectional survey of 8174 micro, small and 

medium enterprises from ten major urban areas in Ethiopia to study the effect of 

power outage on their total factor productivity (TFP), labor productivity and 

revenue. Our results found that a one percent increase in the average duration of 

power outage is associated with 0.54%, 0.17%, and 0.19%, decrease in TFP, labor 

productivity and revenue, respectively. These results are consistent with previous 

studies in other sub-Saharan African countries and Asia. They suggest that power 

outage serves as a negative shock to productivity and revenue of enterprises by 

creating a constraint on production process. They also imply that providing 

sustainable and reliable power should be taken as a top priority in order to improve 

the overall performance of micro, small and medium enterprises. 

 

Keywords: Power Outage, Total factor Productivity, Labor Productivity, Revenue, 

Ethiopia 
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1. Introduction 

 

Evidence shows that access to quality physical infrastructure is a 

prerequisite for any country’s structural transformation and transition to higher 

economic and societal deployment (Bolten and Foxen 2015; Mensah, 2016). 

Quality infrastructure reduces enterprises’ production costs and harnesses their 

productivity, thereby improving profitability and competitiveness in the domestic 

and international markets. Power is one such element. However, many developing 

countries have limited access to quality electricity service and also suffer from 

frequent unscheduled interruptions (John and Jones, 2006).  

In Ethiopia, power outage has always been a problem, sometimes 

occurring so frequently that people and enterprises often consider it as part of their 

life. According to the World Bank Enterprise Survey (2015), in a typical power 

outage day, on average the power outage can last for about 8 hours. It is one of 

the biggest challenges for production. Although the country has been making 

significant investment in the power sector over the last decade (about 40% of 

GDP), it has yet to resolve the problem of electricity shortages.  

There are several reasons for this. One is related to the country’s 

economic and population growth. Ethiopia’s economy is one of the fastest 

growing in the world, with an average growth of 10.8% since 2005, and the 

demand for electricity is enormous, with demand outpacing supply. Another 

reason for outage is related to the source of electricity. According to Energypedia 

(2017), about 96% of the country’s electricity is generated from hydropower 

which is affected by climatic conditions, including drought. Power outage can 

also be severe when there is any shortage of rainfall during the summer rain 

season. 

Electricity is exceedingly expensive to store, and firms respond to power 

outage in different ways, generating electricity through diesel-fueled electric 

generators, shutting down their enterprises during power shortages (Allcott et al, 

2014) or engaging in outsourcing to minimize productivity losses. Fisher-Vanden 

et al. (2015) found that firms provided substitution for energy intensive inputs and 

engaged in outsourcing of activities during outage periods. The effect of power 

outages on productivity and performance varied across firms depending on the 

type of response. For firms that used generators, the productivity effect comes 

through the impact on demand for other inputs while firms that shut down or 
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outsourced found the power outage directly reduced their output and often caused 

the waste of non-storable inputs (Allcott et al, 2014).  

There is growing empirical evidence on the negative impact of power 

outage on firms’ productivity in developing countries other than Africa. For 

example, Allcott et al. (2014) found that a one-percent increase in power outage 

resulted in a 0.68% percent reduction in Indian manufacturing firms’ revenue; 

Grainger and Zhang (2017) found that a 10 percent increase in the duration of 

outages on average led to a 0.14 percent decrease in Pakistan firms’ total revenue 

and a 0.36 percent decrease in the value added.  

The empirical evidence from Africa is thin and qualitative/descriptive in 

its nature. One exception is the study by Mensah (2016), who looked at the 

productivity and revenue effect of power outage on fifteen sub-Saharan African 

countries. Using the World Bank’s Enterprise Survey, he found significant 

negative effects of electricity shortages on firms’ revenue and productivity. As 

our review underlined, there has been no previous empirical study that tried to 

study systematically the impact of power outage on firms’ productivity in 

Ethiopia. This study is, indeed, the first of its kind in Ethiopia in quantitatively 

testing the relationship between power outage and firms’ productivity. We 

collected primary data in 2017 from a total of 8174 micro and small-scale 

manufacturing enterprises operating in Addis Ababa and nine major regional 

towns using a structured questionnaire, detailed enough to fully define the 

complex relationship between power outage and enterprise productivity.  

Our results found that a one percent increase in the average duration of 

power outage is associated with 0.54%, 0.17%, and 0.19%, decreases in TFP, 

labor productivity and revenue, respectively. These results, consistent with 

previous studies in other sub-Saharan African countries and Asia, underlined that 

power outage serves as a negative shock to productivity and revenue of enterprises 

by creating a constraint on production processes. Our results also imply that in 

order to improve productivity and overall performance, providing sustainable and 

reliable power supplies should be a top priority. 

In section two of this paper, we present the study area and data, followed 

by a brief conceptual framework. Section 4 discusses the empirical strategy of our 

study, and sections five and six provides the descriptive and econometrics 

analyses before conclusion.  
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2. Study Area and Data 

 

The data source of this study is a unique firm-level survey conducted 

between December 2016 to June 2017 by the Ethiopian Development Research 

Institute (EDRI). The data was collected from micro and small manufacturing 

firms located in the 10 largest cities in Ethiopia with population size of 150,000 

and above. The 10 cities were categorized into two broad groups: Addis Ababa, 

the capital, and regional cities3.  

The overall sample size was determined on the basis of a balance of 

logistical constraints and the desired precision for outcomes. To get an estimate 

of the number of MSEs that operate in the 10 cities, we first conducted preliminary 

interviews with the relevant officers of Central Statistical Agency, Bureau of 

Labor and Social Affairs, the Addis Ababa Trade and Industry Bureau, the Addis 

Ababa Urban Job Creation and Food Security Agency (formerly the Addis Ababa 

Micro and Small Enterprise Development Agency) and Ethiopian Revenue and 

Custom Authority. The list of MSEs operating in both Addis Ababa and the 9 

largest regional cities was collected from these institutions. The Addis Ababa 

Trade and Industry Bureau and the Addis Ababa Urban Job Creation and Food 

Security Agency were the most useful in providing names of enterprises operating 

in Addis Ababa.  

The sampling frame for Addis Ababa, constructed by combining data 

obtained from these institutions, contained a total of 28710 enterprises. We 

trimmed firms with more than 50 employees from the sampling frame and remove 

duplicates as much as possible. Ultimately our sampling frame in Addis Ababa 

included 15,772 firms, of which 3066 were small firms. We, therefore, decided to 

conduct a census of all small firms in the city and generate a random sample of 

microenterprises. To draw up a sample of microenterprises in Addis Ababa, the 

10 sub-cities within Addis Ababa were considered as 10 separate strata. A 

stratified sampling method was implemented to draw a sample of 

microenterprises from the 10 sub-cities. Reflecting the relative concentration of 

 
3 The study was conducted in Addis Ababa and nine other cities (Bahir Dar, Dessie, Dire 

Dawa, Gondar, Hawassa, Jigjiga, Jimma, Mekelle) all of which have large number of 

micro and small enterprises enterprises. The enterprises covered 15 economic sub-sectors 

with furniture and wood working, food and beverage, and metal working workshops, 

comprising 63.18% of the total, dominating.  The remaining 36.82% were drawn from 12 

different sub-sectors.  
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micro enterprises in Addis Ababa, 55% of our sample is drawn from the 10 sub-

cities of Addis Ababa.  

The frame used for the nine regional cities was also based on a similar 

approach with the important exception that there was no administrative data 

available from the regional bureaux of Labor and Social Affairs. We used the 

cities to stratify the sample, and the sample size in each regional city was 

determined by the population distribution of these enterprises as a sampling 

weight. Ultimately, we collected data from a total of 8174 firms using a structured 

survey instrument.  

 

3. Empirical Model  

 

To motivate our empirical strategy, we adopted the model developed by 

Allcott et al. (2014) and Mensah (2016). Following Mensah (2016), we assumed 

a Cobb-Douglas production function where electric power is taken as a direct 

factor of production like labor and capital.  

 

      (1) 

 

Where  is the output of enterprise i,  is stock of capital of the enterprise i, 

 is labor,  is electricity used by the enterprise i and  captures factor 

productivity. Further, ,  and  represent factor shares of capital stock 

, labor , and electricity  respectively.  

In this model, we assume enterprises have two options during power 

outage, that is to respond either through self-generation or shut down. If  is the 

probability that the enterprise does not get electric power interruption, and  

is the probability of power interruption, the electricity input requirement of the 

enterprise can be written as the weighted average of electricity from the power 

distributer company (grid) ( ) and self-generation ( ): 

 

     (2) 
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Replacing equation (2) in (1) and multiplying it by , we get, 

   (3) 

 

Where = , and it measures the weighted sum 

of self-generation and grid electricity shares of the total enterprises electricity 

requirement. Taking the logarithm on both sides, we get 

 

    (4) 

 

In Equation (4), total factor productivity (TFP) is given by the sum of  

and , where >0 and   ( , 0]. When there is no power outage (i.e. 

), . This means the enterprises’ productivity factor is determined 

by other elements such as labor and capital. When there is power outage i.e. ( ), 

and the enterprise does not generate its own electricity, this means, W<1, <0, 

and hence, . This means the enterprises’ productivity is always reduced 

when they do not have a back-up generator of electricity. However, when the 

enterprise can fully replace the power shortage through self-generation, i.e., W=1,

=0, , the total factor productivity remains unaffected. Because 

usually self-generation is more expensive than grid-based electricity, the power 

outage will negatively affect the enterprises’ profits and leading to a reduced 

demand for other inputs thereby affecting productivity negatively. 

 

4. Empirical Strategy 

 

Our power outage data was self-reported and obtained through interview. 

Two questions were asked during the survey. First, we asked the frequency of 

Ei
aE

Ei
aE

Yi = AiKi
akLi

aLEi
aE

fEip + (1-f)Eis

Ei

æ

èç
ö

ø÷

aE

    = AiKi
akLi

aLEi
aEWi

Wi

fEip + (1-f)Eis

Ei

æ

èç
ö

ø÷

aE

0 £W £1

yi = ai +aKk +aLl +aEei +wi

ai

wi ai wi Î -¥

f = 1 TFP = ai

f <1

wi

TFP < ai

wi TFP = ai



Ethiopian Journal of Economics Vol. XXVIII No 1, April 2019 

 

 

 

155 

power outage in a typical month. This provided a continuous variable. Second, 

we asked the average length of power outage, measured in an interval form: less 

than one hour, 1-2 hours, 2-4 hours, 4-8 hours and more than 8 hours. From this 

interval, we derived continuous average intensity variables by taking the average 

of the lowest and highest interval values (0.5 for less than 1h, 1.5 for 1-2h etc.)  

We calculated the total power outage per month by multiplying the frequency of 

power outage and average power outage. This was taken as the measure of power 

outage for this study.  

Using this measure of power outage, we were interested in estimating the 

effect of power outage on enterprises’ productivity controlling for enterprise and 

entrepreneur characteristics. The following regression equation was used to 

estimate the effect of power outage on enterprises TFP; 

 

  (5) 

Where  is the logarithm of enterprises’ total factor productivity, which is 

measured as a residual of regression of output on capital, labor cost, material costs 

and energy. Further, lnoutageis the lograthism of the total power outage per 

month,  is other enterprise and entrepreneur characteristics. The enterprise 

characteristics include enterprise size, enterprise age, and whether the enterprise 

is cooperative or not. Entrepreneur characteristics also include the age of the 

entrepreneur, his/her years of experience in business, gender, managerial skill, 

and education. It also includes workers’ skill. ,   , , and  are parameters to 

be estimated and  is the error term. 

Some products may be affected by power outage more than others due to 

their intensity of electricity consumption. Thus, TFP could be different across 

product types. We use the fixed effect method to avoid a bias from excluding these 

effects. We did this by including dummy variables, P representing the product 

type the enterprise is producing. Because the location of the enterprise could also 

be expected to create differences in productivity through differences in 

infrastructure, growth and business climate, we also included the dummy C, 

representing the city dummies. This also captured the difference in intensity of 

power outage at the city level.  

Since we used a cross-sectional data, there could be methodological 

challenges to estimate the causal effect of power outage on enterprises’ 

LnTFPi = a + b lnoutage+qXi +pPi + lCi +ei

LnTFPi

Xi

a b p l
e
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productivity. This is because enterprise specific heterogeneity such as 

entrepreneurs’ negotiation skill might affect both TFP and power outage. Due to 

lack of exogenous and relevant instruments, we could not control such unobserved 

enterprise characterizes and our results are correlations, not causations. However, 

as discussed above, we minimized biases by controlling enterprise and 

entrepreneur characteristics and also used product and location fixed effects. For 

example, some enterprises products could be energy intensive making them more 

vulnerable to electric power outage quotas, affecting TFP and duration of power 

outage.  

As a robustness check we also ran a multinomial switching regression 

which depends on a relatively a weak instrument. In this case we used the number 

of plants the enterprise owned as an instrument to power outage in the multinomial 

switching regression. We used the Stata code selmlog to generate the treatment 

effect on the treated. From the five interval hours of outage, we generated three 

discrete values of outage hours. These are less than four hours of outage, between 

four to eight hours of outage and more than eight hours of outage.  We used these 

as a multinomial discrete variable and the less than four-hours outage is control 

variable or base category in the switching regression. 

In addition to TFP, we also analyzed the effect of power outage on labor 

productivity measured by output per worker, and also on the firm’s annual 

revenue. We applied empirical strategies similar to the TFP.  

 

5. Descriptive Statistics’ Results 

 

In this section, we discuss the results of the descriptive statistics of our 

measures of power outage and the variables that are included in our regression 

results. Table 1 presents the average monthly power outage frequency and average 

length of power outage at national level (all cities) and across the cities. The 

results show that on average there were about 11 scheduled and unscheduled 

power outage per month and about 31 hours of power outage per month at a 

national level.  
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Table 1: Frequency and intensity of power outage across cities 

City  

Average outage 

frequency 

per month 

SD. 

Average length 

of outage per 

month 

SD. 

  

Adama 10.78 4.7 21.75 27.94 
 

Addis Ababa 10.17 12.79 29.38 57.17 
 

Bahir Dar 17.01 16.28 52.61 77.34 
 

Dessie 20.03 17.42 61.22 93.17 
 

Dire Dawa 6.85 4.02 20.98 23.7 
 

Gondar 18.34 24.5 51.3 65.6 
 

Hawassa 9.58 4.2 23.44 25.98 
 

Jigjiga 7.8 3.62 19.24 25.96 
 

Jimma 10 3.83 21.69 20.21 
 

Mekelle 7.98 4.28 22.26 21.42 
 

All cities 10.82 12.55 30.62 54.11  

 

These figures show that Ethiopia is among the worst affected sub-Saharan 

countries in terms of number and duration of power outages. According to the 

World Bank Enterprise Survey (2015), Nigeria was the country which had highest 

levels of power outage (about 24 hours) during a typical month and Togo the 

lowest with about 5 hours a month. For Ethiopia, the World Bank Enterprise 

Survey for 2015 was about 20 hours. Our survey covered a larger geographic area 

and a significantly larger number of enterprises, and our results can be taken as 

more representative for urban enterprises than the Ethiopian World Bank 

Enterprise Survey.  

Disaggregating the frequency and duration of power outage across the 

cities covered in the survey, frequency of power outage was highest in Dessie, 

followed by Gondar and Bahir Dar. As a result, the duration of power outage was 

significantly higher in these cities. This shows it was indeed necessary to use the 

location fixed effect regression method in this study. 

Table 2a below presents the location of sample firms used in the study. 

As can be seen from the table, more than 50% of the firms are located in Addis 

Ababa. This is consistent with overall economic activity of the country. A large 

proportion of the country’s commercial economic activity takes places in the 
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capital, and as a result there has been disproportionate growth between Addis 

Ababa and other regional state capitals. 

 

Table 2a: Firm size across sample towns 

  Micro Small Medium Total 

Adama 140 113 8 261 

Addis Ababa 1,195 3035 263 4493 

Bahir Dar 314 243 9 566 

Dessie 147 86 3 236 

Dire Dawa 118 120 6 244 

Gondar 211 124 2 337 

Hawassa 143 306 10 459 

Jigjiga 44 55 5 104 

Jimma 148 145 1 294 

Mekelle 850 326 4 1180 

Total 3310 4553 311 8174 

 

Table 2b presents descriptive statistics of variables used in the main 

regression. As shown in the table, lograthism of the total factor productivity is 

significantly greater than zero, which implies that there is larger portion of output 

explained by other factors (other than labor, capital and material inputs) such as 

the frequency and duration of power outages. The table shows also average 

monthly revenue of enterprises is about 131,190 Birr, only about 9% of 

enterprises use a generator backup source of power during power outages, and 

about 81% of enterprises are owned by male entrepreneurs, implying male 

domination in the sector. 
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Table 2b: Descriptive statistics of regression variables 

City      Mean SD. 
 

Total Factor Productivity (log) 15.32 1.77  

Labor productivity (log) 10.73 1.08  

Enterprise revenue (level) 131186.90 3208640  

Enterprise revenue (log) 12.80 1.41  

Generator use (1=yes, 0=no) 0.09 0.27  

Power outage (log) 2.66 1.21  

Managerial skill(dummy) 0.02 0.14 
 

Workers’ skill (dummy) 0.05 0.22 
 

Gender of Entrepreneur 0.81 0.39 
 

Education of Entrepreneur (log) 2.08 0.59 
 

Entrepreneur’s years of experience in business (log) 1.7 0.85  

Firm age (log) 1.49 0.79 
 

Firm size 1.6 0.55 
 

Cooperative 0.14 0.35 
 

Observations 7844 
 

 

6. Econometrics Results 

 

Table 3 presents the Ordinary Least Square (OLS) estimation of the effect 

of power outage on enterprises’ total factor productivity, labor productivity and 

revenue. The first column of the table represents a regression for the total factor 

productivity, the second column details labor productivity and the third column is 

for enterprise.  

Beginning our analysis with the effect on TFP, the first column of Table 

3 shows the duration of power outage significantly reduced enterprises’ total 

factor productivity. It shows that a one percent increase in the average duration of 

power outage is associated with 0.54% percent decrease in TFP. Generally, this 

result implies that power outage serves a negative shock to enterprise productivity 

by creating a constraint on its production processes. Our result is consistent with 

previous studies in sub-Saharan African countries and Asia. 
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Table-3: OLS estimates of power outage on TFP with and without self-

generation of power 

Variables 
ln (TFP) 

Ln (Labor 

productivity) 
ln (Revenue) 

Coef se Coef se Coef se 

Power outage (log) -0.54*** 0.03 -0.17*** 0.01 -0.17*** 0.01 

Managerial skill 0.36** 0.17 0.13 0.09 0.13 0.09 

Worker skill -0.08 0.12 0.11** 0.05 0.11** 0.05 

Age of the 

entrepreneur (log) 
0.44*** 0.17 0.23*** 0.06 0.23*** 0.06 

Gender of the 

entrepreneur 
-0.10 0.09 -0.25*** 0.03 -0.25*** 0.03 

Education of the 

entrepreneur (log) 
0.53*** 0.11 0.38*** 0.04 0.38*** 0.04 

Experience in business 

(log) 
0.14** 0.06 -0.03 0.02 -0.03 0.02 

Firm age (log) 0.04 0.07 0.13*** 0.02 0.13*** 0.02 

Firm size 0.78*** 0.07 -0.02 0.03 -0.02 0.03 

Cooperative -0.30*** 0.10 -0.38*** 0.04 -0.38*** 0.04 

Production types YES  YES  YES  

City dummies YES  YES  YES  

Constant 12.91*** 0.70 10.06*** 0.24 10.06*** 0.24 

Observations 1,910  6,760  6,760  

R-squared 0.29  0.17  0.17   

Where ***=significant at 1% level of significance, **= significant at 5% level of 

significance, *= significant at 10% level of significance and se is robust standard error. 

 

Mensah (2016), using the World Bank Enterprise Survey for 15 sub-

Saharan African countries, excluding Ethiopia, found that a one-percent increase 

in power outage was associated with a 0.6% reduction in firms’ productivity. In 

Pakistan, Grainger and Zhang (2017) also found a negative effect of power outage 

on a firm’s value added, though the magnitude of the effect was relatively lower 

at about 0.04%.  

Tables 3 also shows the effect of power outage on labor productivity and 

revenue, with a negative effect of power outage on enterprises’ labor productivity 

and revenue. A one-percent increase in power outage is associated with a 0.17% 
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and 0.19% reduction in labor productivity and enterprise revenue, respectively. 

Allcott et al. (2014) found that a one-percent increase in power outage results in 

0.68% percent reduction in Indian manufacturing firms’ revenue.  This again 

implies that power outage limits production processes of enterprises by making 

some or all of its labor input idle, and reduces production of goods. This affects 

revenue negatively.   

In order to reduce the possibility of omission variable bias, as can be seen 

from Tables 3, in all the outcome variables, we have controlled certain enterprise 

and entrepreneur characteristics, location and other variables. Entrepreneur 

characteristics include an entrepreneur’s age, gender, education and experience in 

business. Enterprise characteristics include the age of the enterprise, enterprise 

size, whether the enterprise is a cooperative, and sector production type. We also 

include managerial and workers’ skills, measured by language skill. As can be 

seen from Table 3, most of the above variables are found to be significant 

determinants of TFP. For example, good managerial skill is associated with at 

least a 36% increase in TFP, workers’ skill is not found to be significant in the 

TFP regression. However, workers’ skills are significant in labor productivity 

while managerial skills do not provide any significant determinant of labor 

productivity. In all the tables, age, education of the entrepreneur and age of the 

enterprise, affects enterprises’ TFP, labor productivity, and revenue both 

positively and significantly.  

Although we minimize the bias by controlling enterprise and entrepreneur 

characteristics, location and other variables, we cannot control the bias that comes 

from unobserved individual enterprise heterogeneity and measurement errors. To 

minimize the effect of this, we ran a multinomial endogenous switching 

regression following Fournier and Gurgand (2005) and Bourguignon et al. (2007). 

In general, endogenous switching regression is used to control the effect of 

unobserved individual heterogeneity (Lokshin and Sajaya, 2004). In order to use 

this method, we generated a discrete variable with three values, taking a value of 

one if the average one-time power outage was less than 4 hours, two if it was 

between four to eight hours, and three if the outage lasted more than eight hours. 

An outage of less than four hours was taken as base category in the switching 

regression.  
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Table 4:  A Multinomial Switching Regression Result of Average Treatment 

on Treatment effect of Power Outage on TFP, Labor Productivity 

and Revenue # 

Variables 
ATT-TFP (%) 

ATT-Labor 

Productivity (%) 

ATT-Revenue 

(%) 

Coef Se Coef Se Coef Se 

Four to eight hours of 

power outage 
-11.1*** 0.02 -5.6*** 0.01 -5.8*** 0.03 

More than eight hours 

of power outage 
-12.0*** 0.02 -6.6*** 0.02 -6.9*** 0.04 

Observations 1,958  6,880  6,880  

Where #= the control is enterprises which face less than an hour outage, ***=significant 

at 1% level of significance, **= significant at 5% level of significance, *= significant at 

10% level of significance; and Se is robust standard error.  

 

Table 4 shows the multinomial endogenous switching regression effect 

of the three power outage intervals on TFP, labor productivity and revenue. It 

indicates that outage of four to eight hours is related to 11%, 5.6% and 5.8% lost 

in TFP, labor productivity and revenue, respectively, compared to outage of less 

than four hours. The loss in TFP, labor productivity and revenue increases by 

about one percentage point if the power outage is more than eight hours. The 

negative and significant switching results show the robustness of our OLS results. 

Furthermore, comparing the magnitude of the switching results with the above 

OLS results, it seems that the switching regression results are higher. The OLS 

results, however, are for a one percent change in power outage while the switching 

results are for longer outages. These switching results also show the robustness of 

our results.  

 

7. Conclusions 

 

The difference in the quality of infrastructure among rich and poor 

countries is one of the determinant factors for the large productivity gap among 

their production enterprises (plants) and one such infrastructural factor is the 

electricity supply.  Electricity supply in many low-income countries is 

characterized by frequent scheduled and unscheduled interruptions. Frequent and 

lengthy power interruptions encourage enterprises to incur additional investments 
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on diesel generators. If enterprises have no other source of electric power 

generation, specifically for unscheduled interruptions, either they are forced to 

shut down or send some workers home. Both have an effect on a firms’ production 

activities.  

Despite the Ethiopian government’s huge investment in the power sector 

over the last decade, power outage in the country remains one of the top 

constraining factors for enterprise production activity. According to our survey, 

in a typical month, on average total power outage amounts to about 30 hours, and 

this is of frequent occurrence. Ethiopia is one of the most affected sub-Saharan 

countries in a typical month.  

Although there is growing empirical evidence of the impact of power outage on 

firms’ productivity in developing countries, the evidence from Africa is thin and 

qualitative/descriptive in nature. We found no empirical study for Ethiopia. In this 

study, we therefore purposely collected primary data in 2017 from 8174 micro 

and small-scale manufacturing enterprises operating in Addis Ababa and nine 

other major regional towns to study the effect of power outage on total factor 

productivity, labor productivity and enterprise revenue. 

Due to cross-section nature of our data and the lack of exogenous and 

relevant instruments, we used an ordinary least square method of estimation and 

hence our results are interpreted as correlations. In order minimize omitted 

variable bias, we controlled a set of enterprise and entrepreneur characteristics. 

We also used product and location fixed effects. Using this method, we found a 

one percent increase in the average duration of power outage is associated with 

0.54%, 0.17%, and 0.19%, decreases in TFP, labor productivity and revenue, 

respectively. Our result is consistent with previous studies in sub-Saharan 

countries and Asia. Generally, this result implies that power outage serves as a 

negative shock to productivity and revenue by creating constraint on production 

processes.  

Our results imply that in order to improve productivity and the overall 

performance of enterprises, providing sustainable and reliable electricity should 

be a top priority. This has implications for the country’s second Growth and 

Transformation Plan, which aspires to transform the country’s agriculturally 

dominated economy into an industrial economy. Without a reliable supply of 

electricity, this will be difficult, if not impossible, to achieve. 

As we noted above, however, we are relying on a cross-sectional data to 

analyze outcome variables and we did not find a sound instrument for the 
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endogeneity power generations. The results should therefore be interpreted as a 

correlation rather than causation. Further, due to data limitation, we only 

considered micro and small enterprises and our results may not apply to larger-

scale manufacturing enterprises. Future research is necessary to address these 

limitations using panel data and a valid instrument.   
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