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Summary

The treadle pump is a man-powered pump, designethéoirrigation of small plots of land.
According to the International Development Entespr{IDE) in Zambia, the pump increases
farm income by more than $100 per year. The FA@estthat irrigation can increase crop
yields from 100 to 400%. This paper evaluates tbetribution of the treadle pump to
smallholder welfare.

Adoption

Households with relatively low labor availabilityave a higher probability of adopting the
treadle pump. These households benefit most frameased labor productivity. Households
who classify there welfare as low, the group ICEgets, have a higher probability of
adopting the treadle pump, than households withgaenh self-assessed welfare. IDE can
increase adoption of the treadle pump by establisliemo-sites, as they increases the
‘learning by doing’ opportunities; by improving afflability in order to reach farmers under
the $2 a day poverty line; and by establishing &argroups in order to increase adoption, by
increasing the potential benefits of the treadlepul DE is working on the affordability issue
with credit schemes and cheaper irrigation techgyltor the future. Farmer groups and
demo-sites are being established at this mometdrviews show that adoption is closely
related to creditThe price of a pump is $156; this is only 60% oé #stimated annual
increase in income. A household living on less tB2na day will not be able to save the
necessary amount. However, these results indibateftthese low income households were
offered a credit scheme, they should not havecdiltfy repaying this credit.

Income

The treadle pump increases income, as farmers @atuge more and higher value crops
under irrigation. Income is an important, but in sense complete, measure of welfare. The
data does not show that the treadle pump increaskesper cropping cycle or increases the
number of cropping cycles per year, as the FAQestathe treadle pump increases labor
productivity of smallholders and enables them titcate a larger area of irrigated crops. The
increase in area cultivated, increases the incoitbeoadopting households through more
marketable produce. The income of treadle pumpsuse$208 higher than that of households
using buckets. Propensity Score Matching showdribeme of a household using a treadle
pump increases by $250. This is substantial foisbbalds living on less than $2 a day. This
estimated increase in income is 2.5 times highan tthe increase according to the IDE
website.

Welfare

The treadle pump increases welfare, as people mave money to spend and better food for
household consumption. Households graded theiratiwgelfare on a scale from 1=unable to
survive to 4= well-off. The welfare was very simifar the different households, independent
of the irrigation they use. However, according tmgensity Score Matching, the treadle
pump increases welfare by 0.15 points. Accordin@l®, the treadle pump increases welfare
by 0.17 points. Adopting and non-adopting househalate that the treadle pump increases
welfare.
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1. Introduction

Research background

In retrospect to the high amount of aid that Zamb@eived over the last decennia, it is still a
country with a very high level of poverty. Errat@ins and consequent droughts have caused
many food shortages over the last two decades.thbgs focuses on one of the projects of
the International Development Enterprise (IDE). 1907 IDE came to Zambia to set up
sustainable supply chains for treadle pumps, tarong the welfare of farming households
living under the $2 a day poverty line. Treadle psnare appropriately sized for small scale
farming and are kept affordable for smallholderse(glossary for definition). The efficient
step-action operation makes it possible to pumpgelavolumes of water. The pump is
designed to be light in use, so that also childran operate it, allowing farmers to make
efficient use of family labor. Treadle pumps arpitglly used to grow vegetables during the
dry season for home consumption and for sale. |B& lleen involved in the distribution of
about 7000 pumps in Zambia.

Low-cost irrigation is a practical way to addressgrty and hunger. According to the FAO
irrigation can increase yields for most crops b9 1®400% (FAO, 2006c). Irrigation enables
the farmers to switch from subsistence producttomarket-oriented production, with higher-
yielding and higher-value crops. General availahigation technology is expensive and
often far out of reach of the poorest smallholdérggation with buckets is a cheap way of
growing irrigated crops. However the method is Mabor intensive.

When IDE started they focused on technology adopdind measured their success by the
number of treadle pumps distributed. Since a repio®&hah (2001) the focus has shifted from
distributing technology to increasing productivityecause technology is only one of the
factors that determine welfare (see glossary féindien).

According to IDE, farmers are on average able toeggte more than $100 extra income
annually by using the treadle pump (IDE, 2007).sTi@search fits into the activities of LEl,

Wageningen University and Research Centre to moiite household incomes of IDE-

beneficiaries from 2007 to 2010.

The paper will evaluate the contribution of theatie pump to rural welfare mainly with the
existing IDE PRISM dataset collected by IDE-Zamini&005. This dataset was collected to
monitor PRISM; ‘Poverty Reduction through Irrigatiand Smallholder Markets’ approach.
The dataset contains data on 900 households. ieneswvere used to collect data on the
irrigated crop production, irrigation technologydaself-assessed welfare of the households.
The dataset contains variables on household clesistats, the membership of farmer groups
(see glossary for definition), livelihoods, irrigat methods (see glossary for definition), high
value crops, income (see glossary for definitiom) aelf-assessed welfare (see glossary for
definition) of the interviewed households.

Objective and research guestions

The objective of this paper is to evaluate the oution of the treadle pump to the rural
welfare of smallholders. The treadle pump is disiied by IDE and this research will obtain
information that can be useful for IDE to improwe tcontribution of the treadle pump to rural
welfare. The research questions are the stepsvilidie taken to reach the objective of this
research.
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Research question 1:
Which factors play a role in determining which heluglds use the treadle pump compared to
adopting other irrigation methods?

Research question 2:
What is the difference in farming practice betwéeuseholds that use a treadle pump and
those who use other irrigation methods?

Research question 3:
Which part of the welfare of a household that adaptreadle pump, can be allotted to the
treadle pump?

Methodology
The following methodology will be used to answee thiferent research questions.

Research question 1:

This question focuses on the adoption of the teepdmp. Characteristics that distinguish the
households that adopted the treadle pump from ttiegeused other irrigation methods will
be revealed here. A Multinomial Logit model showsiaeh factors play a significant role in
the decision to adopt one of the four irrigationtimeels. The results of the quantitative
analysis are cross-checked and extended with fekdbam farming households and experts
on Zambian agriculture. More information on the dieeck procedure can be found in
appendix A.

Research question 2:

This question focuses on the difference in farmgnsictices for those households that
adopted the treadle pump and those that use othigation methods. This chapter will
describe the differences between the different ggon for example cropping pattern and
crop income. The results of the quantitative analgse cross-checked and extended with
feedback from farming households and experts onbZameagriculture.

Research question 3:

The contribution of the treadle pump to the welfai¢he households will be measured taking
into account differences in household charactesstWelfare is measured through income
and self-assessed welfare. The contribution oftteadle pump is first measured with an
Ordinary Least Squares model. A dummy for the dgbetreadle pump will show the effect
of the pump on income and self-assessed welfargradting for the other factors. The second
way to measure the effect of the treadle pump isdiyiparing adopting households to non-
adopting households that are similar in all othkaracteristics, by means of Propensity
Scores. The results of the quantitative analygscasss-checked and extended with feedback
from farming households and experts on Zambiarcaljure.

Outline of the thesis

This thesis is arranged in the following order: Qiiea 2 introduces the research area of this
study. Chapter 3 describes the dataset that is. USkdpter 4 will explain the factors
important for adoption. Chapter 5 compares the ifl@grpractice of adopters and non-adopters
of the treadle pump. Chapter 6 establishes thetedfehe treadle pump on welfare. Chapter 7
concludes this thesis and entails some discussimnspof the conclusions.
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2. Research area

2.1 Introduction

Background information on
Zambia will  improve the
comprehension of the data
analyses in this report. This
chapter describes the
development of Zambia, the
importance of the agricultural
sector, and the work of IDE.
Section 2.2 gives a description of
the demographic and economic
situation of Zambia as a whole.
Section 2.3 describes the rural
areas and the challenges
agricultural  producers face.
Section 2.4 describes how the
treadle pump fits in as an answer
to those challenges and gives the
three major constraints faced by
treadle pump users. Section 2.5
ends the chapter with a summary
and conclusions.

Figure 2.1. Zambia
Source: Compare Infobase limited

2.2 Zambia

Zambia is located in Southern Africa, land-lockgd8ocountries (See figure 2.1). It has 11.7
million inhabitants; demographic trends show anuahigrowth rate of 1.7%. Zambia covers
an area of 752.614 km2 (18 times The Netherlamdsich results in a population density of
only 15.5 inhabitants/km2 (Ministry of Foreign Aiifa NL, 2007). 34.9% of the population

lives in the urban areas of Zambia. 46% of the fadmn is under 15 years of age; only 3% is
aged 65 or older.

Zambia scores low on the Human Development Indeis; positioned at number 165 of the

177 countries listed. This index is based on tligeensions of human development: living a
long and healthy life, being educated, and havirdgeent standard of living (based on the
figures of 2004). Zambia scores especially lowitendxpectancy (37.7 years) due to the high
rate of HIV/AIDS estimated at 17% of the populati@nly Zimbabwe, Lesotho, Botswana,

and Swaziland have higher rates of HIV/AIDS anddowfe expectancy rates accordingly.

Zambia also has a high prevalence of tuberculogis @& rate of 707 cases per 100,000
habitants. Only four countries in the HDI have moases of tuberculosis (UNDP, 2006).

Zambia scores relatively high on education, withadnlt literacy rate of 68%. The average
annual change in the consumer price index in Zamigs 42.4%, indicating a high level of
inflation. However this stabilized at 18% betweeB02 and 2004. Zambia has been
descending on the HDI ever since 1985, while Sute&aAfrica as a whole was improving
their place in the HDI. Between 1975 and 1995 Zarskper capita income fell by 60 % due
to the crisis in the metal mining sector. Desite positive growth in the last ten years (FAO,
2005b ), it remains very low at an average $948gapita for Zambia as a whole. The
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recently increased price of copper offers new opmities for Zambia is the near future.
75.8% of all Zambians are estimated to be livindarthe $1 a day poverty line. 94.1% has
less than $2 to spend per day (UNDP, 2006).

According to the FAO, the Gini-coefficient represeg equality was 0.53 for Zambia in
2006 (FAO, 2006a), while according to the UNDP &sw.42. The higher the coefficient, the
higher the inequality. Most developed European taes) have a Gini-coefficient between
0.24 and 0.36 (UNDP, 2006). The Gini of food conptian is estimated by both FAO and
UNDP at 0.17.

Zambia received $1.081 million of official developnt assistance in 2004 (or nearly $100
per capita) 20% of Zambia’s total GDP. In April Z)@he International Monetary Fund and
the World Bank agreed that Zambia had implemented requested series of economic
measures and structural reforms to reach the coimplpoint under the enhanced Heavily
Indebted Poor Countries (HIPC) Debt Initiative amds eligible for debt service relief of

about $3.9 billion (FAO, 2005b ).

Poverty is however not what you see when you arnivehe capital, Lusaka. Years of
(esthetic) government policy have changed Lusaka spacious and for African standards,
rather calm city with huge Western-style malls spirgg in the suburbs. Zambians in Lusaka
are carefully positive about the future of theiunty

2.3 The challenges of the rural areas

When leaving Lusaka the surroundings change. \@Bagre rare and far apart. Except for
some, often foreign owned commercial farms, onhalsmplots of land are cultivated. These
plots are cultivated in a labor intensive way, wittle to no use of chemicals or equipment.
The main goal of production is to feed the housghol

The majority of agricultural production is rainfed
and therefore production varies according to
variations in rainfall. Maize, cotton, and wheag ar
typical rainfed crops. Due to the subsistence eatur
of farming, loss of crops directly translates into
food insecurity. Because of unpredictable
droughts, dramatic food shortages frequently occur
throughout the country. Food security is an
important part of any aid project implemented in
Zambia for the last decennia; short term projects
aim to relief the occurring needs and long-term
_ _ _ projects try to make households less vulnerable to
Village in Southern Province crop loss.
Nearly 70% of the economic active population isv&cin agriculture, while a little more than
60% of the population lives in the rural areas. FA® estimated the per capita income for
the agricultural population at $92 per year. Poveates are higher in the rural (83.1% in
1998) than in the urban areas (56% in 1998) (FA@M62); 5.2 million ha of Zambia is in
arable land, 27 thousand ha is planted with permtagcreps and 30 million ha is pasture land.
The low population density shows that Zambia hashwrtage of land for agriculture or other
purposes.
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The top three of most important commodities in eadme: Maize ($135 million), indigenous
cattle meat ($84 million), and cassava ($68 mi)liofhe most important commodities in
guantity are: Sugar cane (1,800,000 metric ton)zen@l,161,000 MT), and cassava (950,000
MT) (FAO, 2006b). In the last few years, cattle plapion has declined because of the
outbreak of certain animal diseases. The crops grostn by smallholders are maize, rape,
tomato, and cabbage.

Between 2002 and 2004, for the first time since the
80’s, food production grew at the same rate as the
population (FAO, 2006a). An estimated 46% of the
population was still undernourished however. This i
very high, even compared to Sub-Sahara Africa as a
whole (33%) (FAO, 2006c). The real number of
undernourished people has increased from 1990-92 to
2002-04. However the proportion has slightly
decreased, showing a more hopeful trend (FAO,

2006¢). : .
©) Farmer group in Central Province

2.4 The treadle pump

The treadle pump consists of a cylinder and pisbosiraw water, using the power in feet and
legs. The feet move the treadles that are conndotdtie pistons up-and-down to get a
sucking movement in the cylinders. This way waten be pumped up from below ground
level or water can be fed into a pipe under pressuifeed sprinklers. 25 m3 of water can
be lifted per hour, enough to irrigate between®@4 ha in most tropical and arid countries
(Kay and Brabben, 2000). Under irrigation typicalggetables like tomatoes are grown.

Zambia has about 40 % of the water in SoutherncAffFAO, 2005b), but Zambia’s
agriculture is mainly rainfed. The main growing s@a runs from December to May. The
average rainfall is 1049 mm per year, with highiaaifity over the country. Water is one of
the most critical factors for smallholders. Drowgylatre a major issue that threatens certain
parts of the country. Although Zambia is very wabundant, the necessary infrastructure is
not available to benefit from this asset. Irrigalaled is estimated at about 420 000 has, but
less than 10 % is actually irrigated, mostly byg&roften foreign, farmers (FAO, 2005b).
Smallholders usually own much more land than thelivate. This means that they can
expand their cultivated area without enduring aosts for land.

IDE offers advice on production and has been tryingstablish sustainable supply chains for
treadle pumps for the last ten years. The treadlaps improve the access to water and
reduce the labor necessary to irrigate the crops. sSupply chain is meant to be sustainable
meaning that IDE finds an importer or manufactui@r the pumps, connects them to a
wholesaler, and connects them to local retail®& &nd the retailer then promote the pumps
and provide credit facilities, so the smallholdandouy the pumps. A big problem in the
accessibility of the treadle pump for the pooresaléholders is the price of the pump. Due to
the typical economic situation of Zambia the purtipere are about 5 times the price of a
pump in Asia. A treadle pump in Zambia includingetnand outlet pipes costs nearly $100.
For a family living below $1 or $2 a day, this sismearly impossible to pay. Credit schemes
are thus inevitable to reach the poorest smalllisldén the future cheaper irrigation
technologies will hopefully be available.
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A broken or faulty treadle pump is one of the three
major constraints faced by adopters of the pump.
During fieldtrips to villages that are beneficiarief

IDE, it is often seen that only 25% of the pumps ar
actually in operation. The others are broken andms
took the effort to repair them or they have simply
disappeared. People seem very passive about broken
pumps. If they got the pumps with help of IDE oa @
partner they turn to them for help, if they dorét dpelp

the pumps remains broken. According to an expert at
IDE 70% of the 7000 pumps distributed in Zambia are
expected to be in operation and this figure migiopd

to 60 or 50% over the coming years, due to dedinin
quality of after service; there are only limitechsp parts

The treadle pump available and some pumps have been designed faulty.
The development of the treadle pump is still natstied and the perfect trade-off between
simplicity, convenience and price not yet foundmnost cases the owners of a treadle pump
are creative and manage to make spare parts fauting@ themselves or find hardware shops
that supply the necessary parts. Ownership isseeihere; households who paid their pump
at once or repaid their credit are more motivatelleep the pump working. The pumps that
are still in use are often intensively used (by bwayp to four farmers).

The second constraint is the water availabilitye Hvailable water for irrigation is finished
when the used water source, typically a strearnts thly. In some areas the government has
build dams to keep the water for as long as passipstream. In most areas however farmers
have to build boreholes to extend the period thretewis available. In most cases they extend
the water availability with some months, other farmmhave access to water year round. The
villages that are naturally abundant in water dtenofor that same reason cut-off from the
world for several months a year.

The third constraint faced by farmers is the madatess. Farm households who manage to
produce above subsistence level face the lack okehaccess. Due to the low population
density access to local open markets can be handtaavailable. If the markets are reached,
prices are so low that transport to the marketfisnonot worth the effort. According to an
IDE expert this is the result of high competitiamnthe Lusaka market. Lusaka market offers a
high level of ‘sales guarantee’ as many retaileather there. Therefore the smallholders
prefer this market even if it is far away from theillage. The price in Lusaka is low as the
retailers know the farmer came from far and cangwhome without selling the produce.
Households in the proximity of developed local nedsk like in Kafue, do not face this
constraint. As production is low and highly erratamontracts are not a usual method.
According to the same expert the smallholders havarganize themselves so they can get
access to other markets than Lusaka alone. Zamalsia growing number of supermarkets in
the country who import most goods, including fruéed vegetables from South-Africa.
Smallholders are dependent on occasional tradersen markets to sell their produce. As a
result streets are lined with people selling thadsaof watermelons in one place, while 5
kilometers further everyone is selling sweet paato



The treadle pump in Zambia: stepping out of subsignce farming

To overcome part of these constraints IDE triestimulate the establishment of farmer
groups. The members of the group can help eachr athe together make use of the
possibilities that IDE offers. Households groupedether can share information, have more
bargaining power to access the market and have rmossibilities to assure delivery

standards necessary to get into contracts.

Most households struggle with the above constraldtavever, in a typical project village
there is usually a success story; a farmer who hioagreadle pump and managed to increase
his production to such extend that he now boughesel pump and is now one of the richest
households in the village.

2.5 Summary and conclusions

Zambia has a low level of development, even whempaosed to other countries in Sub-
Sahara Africa. Average life expectancy is 37.7 gehre to a HIV/aids prevalence of 17% of
the population. 94.1% of the population is estidatelive below the $2 a day poverty line.
Per capita income in the rural areas is only $92ypar. Frequently occurring droughts have
caused many food shortages in the last two decennia

IDE aims to increase the standard of living of thé@ming households that live under the $2
a day poverty line. Therefore IDE has differentjgcts to increase the agricultural production
of their beneficiaries. A main focus point is tokaahe abundant water sources that Zambia
has accessible for smallholders. IDE has been ledialy sustainable supply chains of
treadle pumps. These pumps are developed for theatydemand of smallholder production
to increase their production and thus their stashdédiving. However the contribution of the
treadle pump to the welfare of the smallholderasstrained by the functioning of the pump,
the availability of water and market access.
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3. Description of the dataset

3.1 Introduction

IDE interviewed 900

households in October and
November 2005. Sampling
was done in 120 areas in 21
different districts in 4

regions; Central, Copperbelt,
Lusaka, and Southern region.
Figure 3.1 shows how many
households were interviewed
in each district. Of the

households interviewed
roughly 2/3 lived in the IDE

project area. The interviews
were used to collect data on
the importance of irrigated

crop production, the
livelihood strategies and the Figure 3.1 Distribution of the interviewed houseisol
revenue of the households. Source: G. Hudges, GIS Consultant

This resulted in an extensive
dataset with about 3500
variables.

This chapter aims to give a description of the da#d is available in the dataset. The next
section will describe the data concerning houseldef@ils, the data on the membership of
farmer groups will be described in section 3.3.ti®ac3.4 describes the data available on
livelihoods and section 3.5 concentrates on tha dattechnology. Section 3.6 describes the
data on the high value crops and section 3.7 facosetraining and credit. This chapter is
summarized and concluded in section 3.8.

3.2 Household details
Table 3.1 household details

Obs Mean (st.dev) Min Max
Living in project area 900 73% (44) 0 1
Age of household head (in years) 874 47 (13) 20 89
Female household head 900 14% (35) 0 1
Number of household members 900 7 (3) 1 20

Source: PRISM 2005 dataset

The data on household details contain variableswbere the household lives, if the

household lives in IDE project area, and the fargreups where the household is member.
Further variables contain the age, gender, mastigalis, educational level, former, and current
occupation of the household head. Extensive dateoliected on the composition of the

household containing data on the gender, age, dlaianship to the household head and
which activities are performed by the householdithé respondent was not the household
head, also data on the age, gender, and the relatithe household head of the respondent
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was collected. Figure 3.2 and 3.3 show that mosiséloold heads were monogamously
married and had followed upper primary educatioablé 3.1 shows basic descriptives for
some of the other household variables.

800 300
1= monogamous marriage 1= lower primary
2= polygamous marriage 2= upper primary
3= single/ never married 3= junior secondary
4= divorced 600 4= senior secondary
5= separated 5= college level g
6= widowed = 6= university level =~
2 7= no education 2
() ()
400 2 =
© 4
LL LL
100
200
0 2 4 5 ° 0 2 4 6 8"
Figure 3.3 Highest level of education hh head Figure 3.2 Marital status household head
Soure: PRISM 2005 datas Soure: PRISM 2005 datiet

3.3 Membership of farmer groups

This part of the data establishes the rate of @pdiion in different farmer groups. The first
question asked is if the household is member of gnoyp. For those households that are
member of a group data is collected on the groupl®re they are member and the activities
the farmer group offers. The households that wetewember of a farmer group were asked
why they had not become member of any groups. Thesdholds participating in any of
IDE’s activities were asked the year they startadigpating and the extent of benefit that the
household has from participating. There is als@ aat which IDE activities the household
benefits from. The households that did not paréi@pn any IDE activities were asked why
they had not become member. Figure 3.4 and 3.5 shaivmost households joined IDE in
2004 and most classified the extent of benefivasy' much’ or ‘much’ Table 3.2 shows basic
descriptives of the data on membership of farmeugs.

Table 3.2 Memberships of farmer groups

Obs Mean (st. dev) Min Max
Member of farmer group 900 75% (44) 0 1
Member of IDE 840 68% (47) 0 1
Assisted by IDE:
with irrigation training 540 72% (45) 0 1
with crop production training 537 69% (46) 0 1
with treadle pump 542 57% (50) 0 1
with output market arrangement 528 19 (39) 0 1
with input market arrangement 531 13% (34) 0 1
with output market training 524 6% (23) 0 1
with other 524 6% (23) 0 1

Source: PRISM 2005 dataset
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300 200
1= very much
2= much
3= not much
4= not at all
150
200
oy oy
o o
> 100 2
o o
L L
100
50
| | 1 1 1 0 | 1 1 1 1 0
1985 1990 1995 2000 2005 0 1 2 3 4
Figure 3.4 Year of joining IDE Figure 3.5 Extend of benefit from IDE
Soure: PRISM 2005 datas Soure: PRISM 2005 datas

3.4 Livelihoods and landownership

The variables in this part of the data describentlaén sources of income for the household,
which family members are responsible for the atisnd which organizations helped them

with the activity. These questions were askedHerdituation now and for the time-span from

2000 to 2003. There is also data available on mheuat of land a household owns and which
part of this is used for rainfed and for irriga@ops. Figure 3.6 and 3.7 show that the most
mentioned first source of income is irrigated vepéts, followed by rain fed vegetables,

while the second source of income is exactly tieoway round; with rain fed crops on one

and irrigated vegetables on two. Table 3.3 showasttie average total land size in the sample
is 12 ha. The average land cultivated with irrigateops is 0.8 ha and the average land

cultivated with rainfed corps is 3.5 ha.

500 400
1= rain fed crop production 1= rain fed crop production
2= irrigated vegetables 2= irrigated vegetables
4= livestock production 400 4= livestock production
5= petty trade 5= petty trade 300
12= regular employment 6= charcoal burning
7= piece work
300 » 12= regular employment o)
§ 200 §
g g
200 & &
100
100
| i i i 0 | 1 | 1 0
0 5 10 15 0 5 10 15
Figure 3.6 Main source of income 2005 Figure 3.7 Second source of income 2005
Source: PRISM 2005 dataset Source: PRISM 2005 dataset
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Table 3.3 Landownership

Obs Mean (st.dev) Min Max
Size land (in ha) 787 11.98(22.0) 0 200
Size land with rain fed crops (in ha) 788 3.5(5.9) 0 95
Size land with irrigated crops (in ha) 762 0.8 (3.9) 0 99

Source: PRISM 2005 dataset

3.5 Irrigation technology

The data on the irrigation technologies used byhieseholds contains information only for
the households who use irrigation. Those who domgate were asked what there motives
are for that choice. For those households thajate there are variables available on which
methods they use. The other questions are mainlytabe treadle pump; how did they get it,
how did they pay for it, and the price of the emsiystem. Those households without treadle
pump were asked why they did not have one. Thesdsis data about the size of the land
before and after buying the treadle pump, dieseimyoetrol pump, electric pump, and drip
irrigation. The source of water is establishedifagated household only. Figure 3.8 shows
that most households in the dataset irrigate witbkbts, followed fast by irrigation with a
treadle pump. Figure 3.9 shows that the most inaporteasons not to buy a treadle pump are
a lack of money or the price of the treadle pump.

200
1= lack money

80 2=too expensive
70 6= no source pump 150
60 - 8= don't know treadle
50 13= new IDE member >
40 1 17= not present at distribution S
38 ] 18= lack water 100 %
i i
1 0= - _
KR O L @ & 50
& ¢ & &S &
R O I N
& S O
’\\ ‘\\\\ Q\\ Q/ I I I o)
O « 0 10 20 30
Figure 3.8 Irrigation method used Figure 3.9 Reason not to have a treadle pump
Source: PRISM 2005 datas Soure: PRISM 2005 datas

Table 3.4 shows some of the technology data. ititesesting to see that the 362 households
that adopted the treadle pump increased the landdhltivated from 0.27 to 0.63 ha. Figure
3.10 shows that by far most treadle pumps are kowigh credit. Figure 3.11 shows that the
most important source of water mentioned by mosshbolds is a stream; a well is also often
mentioned. Only few households get their water febiam or dambo. Dambos are shallow
wetlands that are particularly found in Zambia @ndbabwe.

12
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Table 3.4 Technology strategies

Obs Mean (st.dev) Min Max
Households involved in irrigation 900 86% (35) 0 1
Method of irrigation:
Buckets 777 68% (47) 0 1
Treadle pump 769 48% (50) 0 1
Diesel pump 772 5% (21) 0 1
Furrow or canal 769 2% (14) 0 1
Electric pump 769 2% (12) 0 1
Hosepipe 769 0 0 0
Household owns a treadle pump 868 46% (50) 0 1
IDE is source treadle pump 402 68% (47) 0 1
Total costs of the treadle pump ih $ 319 156 (494) 26 442
Hh uses treadle pump 672 55% (50) 0 1
Hh had training for treadle pump 303 84% (37) 0 1
Training was provided by IDE 303 84% (37) 0 1
Size land before treadle pump use (ha) 362 0.2440 0 6
Size land after treadle pump use (ha) 367 0.62J1.4 0.001 25
Source: PRISM 2005 dataset
1= Cash purchase 200 1= Stream 500
2= on credit 2= Dam
3= cash loan elsewhere 3= Well
4= hire purchase - 4= Dambo 400
5= token of appreciatigg
6= grant
5 300 3
(<) ()
100 = :
L= 200 &
50
100
; : 7 &0 ; ; - 0
Figure 3.10 Method of payment treadle pump Figure 3.11 Main source water
Source: PRISM 2005 dataset Source: PRISM 2005 dataset

3.6 Cash crops

This part of the data contains information on thshccrops that are grown under irrigation in
the household. The data is very specific on whidpg are grown, which technology is used
per crop, from which year on the crop is grown, wing household grows the crop and which
organization helped the household. There is alta da the revenue per crop, and the total
household revenue from irrigated cash crops. Thestcaints that households face are
inventoried as are the reasons why not to grow cegbs under irrigation. There is also data
in the dataset on the costs of inputs used in thdygtion of the cash crops; seed, fertilizer,

! Based on the conversion rate of ZMK 3846= $1 e on the 18of July 2007
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pesticides, transport, hired labor, and possibletscéor maintenance of the treadle pump
Table 3.5 gives an example of the data that idavaiin this section.

Table 3.5 Cash crops (revenue in $)

Obs Mean (st. dev.) Min Max
Revenue from cash crops in 2004 601 494 (910) 0 8910,
Revenue from cash crops in 2005 809 442 (1,300) 0 0,022
Revenue from tomatoes in 2004 435 260 (546) 0 5,356
Revenue from cabbage in 2004 233 208 (520) 0 6500
Revenue from impwa in 2004 78 286 (416) 0 2106
Revenue from rapes in 2004 384 130 (234) 0 1690
Revenue from paprika in 2004 42 78 (78) 0 286
Reason to grow tomatoes:
high cash return 572 80%(40) 0 1
easy to manage 547 27%(45) 0 1
easy to market 541 29%(45) 0 1
low costs of production 537 8.5%(28) 0 1
consumption 527 2% (14) 0 1

Source: PRISM 2005 dataset

3.7 Training and credit

This part of the data contains variables on théefit training that is followed by the
households (table 3.6). Special interest in on Wwhbiganizations offered the training and how
the household received it. Secondly the sourcé@hbuseholds’ market information is part
of the content of this data. This part also cogtalata on how many households use credit to
finance their production and if so, where they twir credit. The table shows that most
households finance their crop production with sgsin

Table 3.6 Capacity building and credit

Variable Obs Mean (st.dev) Min Max
Training for crop production 900 23%(42) 0 1
Credit for inputs 900 9%(29) 0 1
Savings for input 900 91%(28) 0 1
Gifts for input 900 9%(28) 0 1
Donations for input 900 0%(5) 0 1

Source: PRISM 2005 dataset

3.8 Summary and conclusions

Summary

68% of the households in the PRISM dataset aracjgating in one of the IDE projects.
These households classified the benefit of theiggaation as ‘very much’ or ‘much’. The
most mentioned first source of income for the mieaved households are irrigated vegetables
followed by rain fed vegetables. The average afeaigated crops in the dataset was 0.8 ha
and the average area of rainfed crops was 3.56%. & the households interviewed were
involved in irrigation; 68% of them irrigated withuckets and 48% used a treadle pump or
both.

The most important source of water for the irriggthouseholds is a stream, followed by a
well. The households who had adopted the treadigppad increased the average total land

14
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they irrigated from 0.3 to 0.6 ha. Reasons notaweeha treadle pump are a lack of money or
the high price of the pump. The average price paida treadle pump with all necessary

piping was $156. Most treadle pumps have been bamghbredit, while seed and fertilizer are

bought with savings.

Conclusions

This chapter shows were the restrictions and pilisgib are with concern to the data, to find

the answer to the questions asked in the introoluclihe fact the data was collected at only
one moment (cross-section data) makes is diffitulcompare the development of treadle
pump users considering the development they woaNe Imade without the pump in the same
time span.

Most remarkable findings from this chapter arethe. importance of credit for households to
buy the treadle pump. 2. The nearly doubled amotiland irrigated by treadle pump users.
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4. Adoption of the treadle pump

4.1 Introduction

For policy purposes it is important to know whichriables play a role in the adoption
decision of a household for a certain irrigationtme. IDE facilitates the supply chain
development of treadle pumps. For IDE it is inténgsto see what characterizes a household
that decides to adopt the treadle pump insteachothar irrigation method. Which factors
play a role in determining which households usetithadle pump compared to adopting other
irrigation methods? With this knowledge it will h@ossible to see how policies can be
targeted to alleviate the constraints faced by éasno adopt the treadle pump or any of the
other irrigation methods. Special interest is oa thte of adoption by the least well-off
smallholders.

A Multinomial Logit model can show which factorsagla significant role in the decision to
adopt a certain irrigation method (Bekele and Dy&@03). By looking at the effect on all
irrigation methods the effect of the variables lo@ &doption of the treadle pump will be more
distinct. The results of the quantitative analysidl be cross-checked with qualitative
interviews with households that adopted or didauxpt a treadle pump and with experts on
Zambian smallholder agriculture.

Section 4.2 describes the theory on adoption of temhinologies. Section 4.3 describes the
empirical adoption model. Section 4.4 gives thd #atistics of the Multinomial Logit.
Section 4.5 gives the results of the Multinomiagltaand section 4.6 contains the feedback
from the field. Section 4.6 ends the chapter witummary and conclusions.

4.2 Theoretical background

Technological change allows higher production with same quantity of inputs or the same
production volume with less inputs. The shadowen€ an investment represents the annual
additional profit that can be obtained with an &iddal unit of this quasi-fixed input (Oskam
et al., 2003). If the expected discounted shadaeeps higher than the expected investment
costs a profit maximizing household should inv&skit and Pindyck, 1994). The discounted
shadow price depends on the expected prices oh#inketable products, the expected prices
of inputs, the quantity of other quasi-fixed inpwad the discount rate.

The shadow price is uncertain and the decision mai@®/ sometimes be more concerned
about possible loss rather than possible gainssiSience farmers in developing countries
have to make investment decisions in an uncertona@mic climate and have a high degree
of vulnerability. Risk is influenced by the magmlau of the investment, the degree of
uncertainty, and how well financial setback carobserved (in assets and income). Moreover
the risk attitude of a farmer is relevant. On thieeo hand, certain investments can mitigate
risk (Oskam et al., 2003), for example wells caoréase water availability in times of
droughts. Risk has to be taken into account whedefy the investment decision. The
distance to the nearest adopter and the intensitiieocontact is one of the variables that
Ghadim and Pannell (1999) use to model investmecisibns. This is in line with the finding
of Linder (1987) that the rate of adoption is priityadetermined by the expected benefits of
adoption to the potential adopters.

A farmer can consciously decide not to invest itespf the investment costs being lower
than the shadow price (a positive net present yallleis is the case when the household
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maximizes their utility instead of their profit. la@r aspects, like leisure time, are then more
important for these households. Their preferencage hto be taken into account when
modeling the adoption decision.

When maximizing profit or utility, the farmer faceenstraints to their possibilities due to the
guality and quantity of available (family) laboanid, availability of water, and their market
access.

According to Namara et al. (2007) the following iehies are proven most important in
explaining technology adoption processes; humaitaiapttributes of the technology, nature
of the farming system, the tenure system, rescemdewment, risk, social capital, and social
psychological factors. For micro-irrigation in sgecthey found that the most important
determinants included access to groundwater, angppattern, availability of cash, level of
education, and the poverty status of the household.

4.3 Empirical adoption model

Multinomial Logit

The most suitable way to model the probability feé different investment decisions of a
households in the dataset is with a Multinomial iL§Greene, 2003). The Multinomial Logit
is an adaptation to the binary logit model thaterdtthe possibility for more than two
outcomes. The probability of an individual choositgyinvest in one of the alternative
irrigation methods is an expression of the explanyatvariables and the coefficients (formula
1). The Multinomial Logit is estimated by maximurkelihood. The Multinomial Logit
assumes that there is no natural ordering in tieerative outcomes and independence of any
two alternatives. This means that if one of thegaties would be left out of the analysis the
influence of the variables on the other categonieald remain the same. This assumption is
called the independence of irrelative alternatiflés) and implies that all error terms are
independent. The Multinomial Logit gives a cleastpie of the importance of the variables in
explaining the adoption of the treadle pump in #jgeand not for irrigation as a whole.

e
Prf ={)=——
V=== @
j=0
Where:
Pr probability;
Y. Irrigation method of household i;
] Irrigation methods; O=none 1=bucket irrigatiorn,tBeadle pump, 3= mechanic pump;
X; Characteristics variables household i;

Coefficients of the variables for the outcome j.

Dependent variable

Adopters of the treadle pump are those househdhdsde&cided to acquire a treadle pump and
are still using it. Table 4.1 shows the distribotiof users and owners of the treadle pump.
There are 397 households who own a treadle pump3@hdhouseholds who use a treadle
pump. This means that most of the owners use phenp and most of the users own a pump.
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There are 16 households who use a treadle pumplobabt own one. For this analysis on the
adoption of the treadle pump we look at all houss#shavho use a treadle pump. Those
households are taken as adopters too as probahyhtive to pay some contribution to be
able to use a treadle pump and would maybe buyifahe shared pump was not available.
There are 42 households who own a pump, but dos®it (dis-adopters). Of these 42 there
are 8 who now use a motorized pump. These 8 arth@anmotorized pump group. 33
households use buckets and are in the bucket gf@u@.household is in the not irrigating
group. The dataset does not contain informatiorutldy the other 34 owners (or nearly
9%) do not use their pump. However looking at tesearch area it is very likely that these
pumps broke and that the owners did not have tteser motivation to repair their pumps.
Considering the amount of broken treadle pumpsrebdan the field, it is actually surprising
that the percentage is not higher.

Table 4.1 Ownership and usage of the treadle pump.

Does not use Uses Total
Does not own 348 16 364
Owns 42 355 397
Total 390 371 761

Due to the low number of adopters of furrow, hadectric, and diesel pump irrigation these
could no be used in the Multinomial Logit. As omyo households use a furrow or canal for
irrigation and no households use hose irrigatiai laoe left out of the model. The adopters of
electric or diesel pumps are limited; both have ldksn 30 observations. Therefore they are
grouped together as they are both high investrmggaiion methods. 22 observations had to
be dropped due to inconsistent data; these howssehekd no irrigation method, but did grow
irrigated crops. Two observations were excludedchftbe Multinomial Logit due to expected
errors in data entry in the size of the land owmedsidering the values of the other variables.

Explanatory variables

The variables expected to explain adoption are ggdun: management potential, farming
potential, irrigation potential, and risk attitude.is expected that households who manage
their farm in a more intensive and knowledge intensvay will be more likely to adopt a
pump for irrigation as this is in line with theiramagement. The decision to irrigate and how
to irrigate is affected by the possibilities a helusld has in the terms of land assets. The
irrigation potential is determined by the accedigybiof water, funds to buy irrigation
techniques, and the availability of these. The attkude determines if a household thinks it
Is wise to adopt. The variables used in the regrmesse described in Appendix B.

Management potential

There is no data on expected benefits in the da@se of the most important determinants of
adoption according to Linder (1987). Managemenepidl variables are expected to pick-up
some of the expected benefit of the household, gome indication of their motivation;
which factors they find most important for their eoall utility and show there labor
constraints.

The management potential is expected to dependwre ®f the household characteristics.
The age of the household head is expected to proxy forinhevativeness of the household.
The age squareds included to see if the age effect is differéart young and old farmers.
Education is expected to give information aboutdbelity of the management skills. To see
if the level of education influences adoption tlw$ehold head'kevel of educatiorand the
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level of education of the spouaee included. Chapter 3 showed that most houseiedds
had upper primary education or lower or upper sdapneducation. Therefore education is
taken in the regression by adding dummies for Idwcation (no or only lower primary) and
high education (college or university degree). Tinenber of years a household has farmed
and if anytraining for crop production was followed is also expediethave a positive effect
on the management skills of the household andittunease the adoption of the treadle pump.
The composition of the household is included by mseafthe number of members in the
householdand thedependency ratioThe dependency ratio is the proportion of houkkeho
members who are aged lower than 14 or higher tlharTibe available labor determines the
quantity part of the management potential; irrigatwith buckets is very labor intensive
where irrigation with the treadle pump increases ghoductivity of the labor available. This
could lead to less labor being needed on the famoh @en opportunities for off-farm
employment.

Farming potential

The second group of variables contains informationthe farming potential of the household.
The first variable idocation Different provinces have different natural an@diseeconomic
possibilities for the household. The farming potEngroup also contains information about
thesize of the traditional land ownegdrivateland ownedthis is land that is legally owned by
the household), andand rented by the household. The more land owned the more
possibilities there are to grow crops. It haséddken into account that the present acreage is
used to approximate the acreage of the land betoee adoption decision was taken.
Information on the crops grown is not includedhe Multinomial Logit. As there is only one
year available, this data is a direct result ofddeption decision and can thus not be used as
independent variable in explaining that decisiome Variables available give an indication of
a household’s production possibility. Another intpoit aspect of the farming system is the
access to markets, which could be measured asdlenity of an urban area or distance to
an asphalt road. However this data was not collectd?’RISM and Zambia not yet mapped
enough in GIS to find the information.

Irrigation potential

The third group of variables contains informationtbe irrigation potential of the household.
Certain prerequisites are necessary for irrigatide, accessibility of water, and a source of
investment. To proxy for the last variables on seéf-assessedelfare of the household in
2000 are included. The possibilities to irrigate atso determined by location in #DE
project area as the main supply of the treadle pump are sé¢hnqugh IDE. The main water
source of the household and the accessibility @f timain source are not included, as they are
only available for irrigating households. Infornmation the number of months the household
has access to water and the distance of the stoirdbe field is not available either, but
would have been very relevant.

Risk perception

The fourth group of variables is on risk percepti®he risk perception of the treadle pump
and the farmers attitude towards risk have beerepr@o be very important in the adoption
process of new technologies (Marra et al., 2008)wéler it is hard to collect data on these
issues and therefore, there are no direct variaisighis topic in the dataset. Three variables
will be used to pick up some effect of the risktatte. Firstlysexof the household head as
females have often be proven to be more risk awbessemen. Membership offarmer group
increases the understanding of the adoption proeessthus decreases the risk of the
decision. The third variable that is expected ftuance the risk attitude is off-farm income, a
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household that had a main source of income bet@660 and 2003 outside agriculture will
be less risk averse as they have a more diversibacce of income.

4.4 Test statistics for the Multinomial Logit

The Pearson Chi2 test shows that there is a signifirelation between the real and the
predicted outcomes. The Multinomial Logit predi&3% of the outcomes correctly (table
4.2). This is a significant improvement to a randdistribution, which would predict 25%
correctly. 46% of the non-irrigators are predictedrectly, 49% of the bucket irrigators, 66%
of treadle pump users, and 13% of the motorizedgoawners. The highest predictive power
is for the treadle pump, which is the main focustlug analysis. The prediction of the
motorized pump adopters is lowest. The low valugrabably due to the few observations in
this last group and the fact that electric andalipgmp adopters are merged together.

Table 4.2 Predicted versus actual irrigation mesh@u % of total)

Predicted
No Bucket Treadle Mechanic Total
irrigation irrigation pump pump

_ Noirrigation 6.7 5.1 2.8 0.0 14.6
S Bucket irrigation 3.3 19.9 16.9 0.3 40.4
2 Treadle pump 0.2 12.6 25.9 0.8 39.5

Mechanic pump 0.2 1.7 2.8 0.7 5.4
Total 10.4 39.3 48.5 1.8 100

The Hausman test for Independence of irrelevaetratives (I1A) shows that the outcomes
are independent of each other. This means the impstrtant property of the Multinomial
Logit is fulfilled. The Wald test for ‘combining écome categories’ shows that none of the
categories can be collapsed and thus all 4 irngathethods have significantly different
coefficient values.

The Likelihood ratio test and Wald test for indeghent variables show which variables are of
significant (at 5%) importance to the adoption dexi; the choice between the 4 irrigation
methods. Age of the household head, living in GdrRrovince, living in Southern Province,

size of the land owned, size of the land with degde of the land rented, struggling to
survive in 2000, living in IDE project area, beingember of a farmgroup, and off-farm

income between 2000 and 2003 all have a signifieffiett on the adoption decision. Other
variables do not have a significant effect on tthepdion decision.

4.5 Marginal effects of the adoption decision

A Multinomial Logit gives coefficients for the prability of a certain outcome compared to
the base outcome. These coefficients are hardtéspmet. The marginal effects are more
meaningful. Greene (2003) recommends to only regibertmarginal effects. Marginal effects
show the effect of a variable changing with onegdatummy changing from 0 to 1) on the
probability of choosing a particular method. Thekability of any of the outcomes is a
continues value between 0 and 1. The results ediound in table 4.3 and are described in
this section. For the complete table that incluthest-values, see Appendix C, table C.1. All
variables described are significant at a 5 % sicgniice level unless stated otherwise.
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No irrigation

The Multinomial Logit shows that there are no vhlés that significantly increase the
probability of a household deciding not to irrigdéelopt none of the irrigation techniques).
There are however variables that significantly dase the probability of not irrigating. None
of the management potential variables is significaiving in Central province decreases the
probability of a household choosing not to irrigdte 0.05, living in Southern Province

decreases the probability by 0.13 compared todiwnLusaka Province. This indicates that
the Central and Southern Province have less falo@mnditions for growing rainfed crops.

The marginal effect of an extra ha of private |&neD.02. It is intuitively correct that owning

a larger parcel of land makes is less attractive tooirrigate as the potential revenues
(opportunity costs) increase with the size and thake more intensive cropping attractive.

Table 4.3 Marginal effects

No irrigation Buckets Treadle Motorized
pump pump
Management skills
Age 0.00 -0.03*** 0.03*** -0.02
Age2 -0.00 0.00*** -0.00*** 0.00
No education head 0.00 0.04 -0.02 -0.02
High education head 0.04 -0.12 0.19 0.07
No education spouse -0.01 0.01 0.01 0.00
High education spouse 0.02 0.13 -0.17 0.03
Experience in years -0.00 -0.01 0.01 0.01
Followed crop training -0.00 -0.00 0.02 -0.02
Size of household -0.00 0.01 -0.01 0.00
Dependency rate -0.00 -0.02* 0.02* 0.00
Farm potential
Central Province -0.05%** 0.02 -0.02 0.05
Copperbelt 0.00 0.05 -0.04 -0.02
Southern Province -0.13*** -0.05 0.17*** 0.01
Size of traditional land -0.01 -0.01 0.01 0.01%**
Size of private land -0.02** 0.00 0.02* -0.00
Size of rented land 0.06 0.28 -0.47 0.12%**
Irrigation potential
Welfare high 2000 -0.00 -0.04 0.03 0.01
Welfare low 2000 -0.01 -0.15%** 0.15*** 0.01
Welfare very low 2000 0.02 0.00 -0.02 0.00
Living in IDE area -0.12%** -0.18%*** 0.29*** 0.02
Risk
Household head sex 0.01 0.11* -0.11* -0.02
Member farmer group -0.07*** -0.12** 0.18*** 0.01
Off-farm income 0.03 -0.06 -0.05 0.09**
***Significantly at 1%
**Significantly at 5%

*Significantly at 10%

The irrigation potential variables show that livimg an IDE project area decreases the
probability of not irrigating by 0.12; having IDIB the area increases the opportunity costs of
not irrigating and thus makes it less attractivé taoirrigate the land. The significant risk
attitude variable is membership of a farm groupe Multinomial Logit shows that becoming
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member of a farm group decreases the probabilityobfirrigating by 0.070ne explanation

is that membership of farmer groups increasesmfemation access. Increased information
decreases the risk involved in taking investmentisiens based on net present value.
Therefore those households that are member ofraefagroups are more likely to take a
decision to invest.

Bucket irrigation

The following variables have a significant margieéfect on the probability of using buckets
for irrigation. The probability of adopting bucketigation decreases by 0.03 for every year a
household head becomes older. The dependency hatessthat for every percent the
dependency rate increases the probability of adgpbucket irrigation decreases (at 10%
significance); households that have more childred alderly, compared to adults have
relatively less labor available and thus are lekslyl to adopt labor intensive bucket
irrigation. There are no variables in the farminggmtial group that have an impact here.
Having a low self-assessed welfare status in 208&edéses the probability of adopting
bucket irrigation. Living in an IDE project are hasegative effect of 0.18 on the probability
of choosing to use buckets, as the opportunity scadt not exploiting the land more
intensively increaselhe sex of the household head and farm group meshipeare the risk
variables that play a role in the choice to usekbtgcor not; female household heads have a
0.11 higher probability of irrigating with bucketat 10%), this could indicate that females
prefer to work hard (irrigate with buckets), thaake the risk of investing in irrigation
technology. Membership of a farmer group decredlsesprobability of using buckets for
irrigation by 0.12 this is for the same reasonsnay it decreases the probability of not
irrigating; membership increases potential bendfitssn more intensive exploitation of the
land and it can be a proxy for farmer motivation.

Treadle pump irrigation

The following variables had a significant margirdfect on the probability of adopting a
treadle pump. Age has a positive effect on the ghoity of adopting the treadle pump of
0.03 per year. The effect decreases by 0.00 eweay. {he older a farmer is the more years
he has had to collect money to buy a treadle pwnihe other investments in the household
have already been made (e.g. children have finisicbdol), but after 52 the willingness to
invest decreases as the payback time becomesddolsbt the size of the household, but the
dependency rate is significant. For every incrassihe percentage of dependent household
members the chance of adopting the treadle pumpases by 0.02 (at 10%). This is in line
with the expectation that the treadle pump incredise efficiency of the available labor and is
thus most attractive for households where labscace. The treadle pump is a labor saving
technology. It increases the production possibsitas it decreases the labor constraint. Living
in the Southern Province increases the probalwfitgdopting the treadle pump by 0.17, this
is because the necessity to use irrigation is migheSouthern Province than in other
provinces, due to lower availability of water. Thze of the private land increases the
probability of adopting the treadle pump with Ofdr ha (at 10%)rrigation potential in the
form of a low self-assessed welfare in 2005 inaeake probability of adopting the treadle
pump by 0.15. This indicates that the richer paerraost likely to adopt the treadle pump.
IDE targets the poor and this shows they reachodriee two lowest welfare groups. Living
in an IDE project area increases the probabilitp@dpting the treadle pump by 0.29 as the
presence of IDE increases the accessibility of tteadle pump and complementary
production technologies. Female headed househalts & 0.10 lower probability of adopting
the treadle pump (at 10%). Being member of a fargreup increases the probability of
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adopting the treadle pump by 0.18 as it increaBespbtential benefit of the treadle pump
through improved access to information and possiidyket access.

Irrigation with motorized pump

The following variables show the marginal effect thie explanatory variables for the
probability of adopting a motorized pump. None loé imanagement potential variables are
significant here. Farming potential variables arerenimportant; for every ha of traditional
land more owned the probability of adopting a miaex pump increases by 0.01. Traditional
land can possibly be cultivated in the future amagstindicates expansion possibiliti€gr
every extra ha of land rented the probability of@ithg a motorized pump increases by 0.12.
Renting in land shows the managerial tendency rtm fan a larger more professional scale,
which will also increase the probability to adoptpamp suitable for more intensive
production. Off-farm income between 2000 and 20@3dases the probability of adopting a
motorized pump by 0.09. Off-farm income can be aessary pre-condition to be able to
gather enough money to be able to buy a capi@hgine motorized pump.

Adoption

So, how do these variables relate to each oth#raradoption decision? Age decreases the
probability of using bucket irrigation, but increasthe probability of adopting the treadle
pump. Education of the household head or the spaooss not influence the adoption
decision. Probably because it had less of an effeananagerial skills than expected. Also
farming experience and training are not relevardoeding to the regression. Following
Linder (1987) this could be explained by the admptbeing largely determined by the
expected returns as can be expected from the suot#se neighbors. In that case it is not the
farming experience or training that determinesgiabability of adopting through managerial
skills, but through having neighbors or friends wihoreased their welfare with a treadle
pump. The size of the household does not signifiganfluence the adoption decision, but
the dependency rate does. More dependent housetetibers decreases the probability of
using buckets and increases the probability of agphe treadle pump, as it increases the
labor productivity.

Living in Southern province increases the probgbitf adopting the treadle pump and
decreases the probability of not irrigating at dile to the low availability of water and thus
low potential for rainfed crops. More private lamtreases the probability of adopting the
treadle pump and decreases the probability of m@ating, as the potential benefits are
higher. Assessing the own welfare as low in 20@%eases the probability of adopting the
treadle pump and decreases the probability of migiating, as IDE targets these households.
Living in an IDE project area increases the prolitgbbf using the treadle pump and
decreases the probability of not irrigating or gsiuckets for irrigation, as the irrigation
technology becomes more available. Female headeaseholds are less likely to adopt the
treadle pump and more likely to adopt bucket ititya There are more reasons why women
would be less likely to adopt a treadle pump. Adowg to literature women are more risk
averse, which could increase the probability ohtleopting a new technology. On the other
side also external factors can play a role; woméghtrhave less access to the necessary
credit, information, or the technology itself.

The fact that IDE targets households below the $%20a day poverty line and the selection
of households that receive credit, could mess-epréisults of the regression for the treadle
pump. However if the Multinomial Logit is run wittnly the treadle pump users that bought
the pump on cash (selected themselves insteadirf belected) the coefficients are similar
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to the ones presented above. This indicates tluseth the Multinomial Logit fulfills the
intention of showing which characteristics of a $®luwold determine the adoption decision
and that the decision is not made for them, by d¢hedit institutions who select their
beneficiaries.

4.7 Feedback from the field

According to one of the experts at IDE; most snwtlers are interested in adopting the
treadle pump when they see a demonstration. Ipaksethere were households that were able
to buy a pump with cash. However the last yearsenointhe smallholders for whom the
treadle pump was designed have the cash to puradraself smallholders want to get a
treadle pump they need to find a credit scheme tlaeyapply too. Official credit institutions
like banks are very difficult to access by smallesk. Informal ‘money-go-rounds’
(Chilimbas) and private money lending (Kaloba) aleo less common in Zambia then in
other countries, according to O’Reilly (1996) Theeans that only if the supplier of the
treadle pump arranges a credit scheme the smadifsolchn purchase a treadle pump. In this
case adoption is not determined by any of the klesaused in the regression above, but
adoption is determined by an available credit sehed credit scheme takes certain
characteristics in account to insure payback, hewdhvis can not be done to rigorously by
IDE as their aim is to help the poorest (the onéh the least prospects) smallholders. This
could help to explain the relatively low R-squacédhe Multinomial Logit.

From the 8 households interviewed 6 were introduoetie treadle pump by their neighbors.
This in line with the non-significant effect of exhtion and training, and Linder (1987)
findings that adoption is mainly determined by estpd returns, based on the returns of their
neighbors. One household mentioned membership afoperative as the reason he had a
treadle pump. 4 out of 5 adopters wanted the pumpcrease their income and decrease the
workload. According to these 4 households the redsey have a pump and other households
do not, is because the other households were rlmgvio make the sacrifices necessary,
work hard and save. The three households that dichave a treadle pump all wanted a
treadle pump, but did not have the means to bugadle pump with cash. One household
expected to earn enough with buckets to buy a legagimp within a year, one household
would be able to buy with the help of a credit sokeand one household had so little income
they hoped some organization would give them a pu@fpthe 5 treadle pump adopters
interviewed 4 had paid for their pump in cash;tiie households who actually paid the full
price and only with income from farming, both botgeir pump 10 years ago. This in line
with what the expert said; when IDE just startegiogle were able to buy their pump with
cash, but the last 5 years hardly any farming Hooigestill can. One household bought a
pump more recently with cash after selling the matut as it was a secondhand pump the
price had halved. One household paid with incomenfoff-farm employment and only one
household (indicating that the interviews are epresentative) bought the pump on credit.

According to another expert the three most impartactors in the adoption decision are if
the household can save enough money to buy the ,pifimipe households had been
introduced to the pump, and time to see the patehénefits of the pump. This is also the
‘learning by doing’ factor as mentioned before. &tgo mentioned that households who adopt
the treadle pump, were bucket irrigating when tiheyk the adoption decision. Growing
irrigated crops is a reason to adopt the treadlappuA third expert also emphasizes the
money issue, saying that the price of a pump inldarof $100-$260 makes it very difficult
for a farmer below the $1 or $2 a day poverty tméuy one without credit. One of the things
IDE is doing, is making alterations to the pumpirtorease the affordability. According to
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Polak and Yodar (2006) a whole range of affordaipigation technology is still waiting to be
developed.

The field officers questioned the fact that oldeu$ehold heads were more likely to adopt the
treadle pump. However one officer mentioned thatesof the treadle pump projects of Care
International were targeted at older farmers amad this might have influenced the results.
The field officers also mentioned that the incommarf sources other than cropping influenced
the adoption; at this moment many farmers in angggting because their cattle has died and
now the demand for the treadle pump is increasoigeably in the areas affected.

4.8 Summary and conclusions

Summary

The Multinomial Logit shows which variables detenmithe adoption of different irrigation
methods. Age decreases the probability of usingkdtudrrigation, but increases the
probability of adopting the treadle pump. Educatiéthe household head or the spouse does
not influence the adoption decision. Probably beeatihad less effect on managerial skills
than expected. Also farming experience and trairémg not relevant according to the
regression. Following Linder (1987) this could beplained by the adoption being largely
determined by the expected returns. An indicatotie expected returns is the success of the
neighbors who have already adopted a treadle pumphat case it is not the farming
experience or training that determines the prolglof adopting through managerial skills,
but through having neighbors or friends who inceglheir welfare with a treadle pump. The
size of the household does not significantly inflce the adoption decision, but the
dependency rate does. More dependent household engtidcreases the probability of using
buckets and increases the probability of adoptireggtteadle pump, as it increases the labor
productivity.

Living in the Southern province increases the pbdlig of adopting the treadle pump and

decreases the probability of not irrigating at dile to the low availability of water and thus

low potential for rainfed crops. More private lamtreases the probability of adopting the
treadle pump and decreases the probability of maating, as the potential benefits are
higher. Assessing the own welfare as low in 20@%eases the probability of adopting the
treadle pump and decreases the probability of migating, possibly because IDE targets
poor households. Living in an IDE project area @ases the probability of using the treadle
pump and decreases the probability of not irrigatin using buckets for irrigation, as this

irrigation technology becomes more available. Fentedaded households are less likely to
adopt the treadle pump and more likely to adopkburigation probably due to risk attitude

and limited access to institutions.

Evidence from the interviews with smallholders dbxE staff, indicates the relevance of
Linder (1987) observations, who found that the miogtortant factor in the adoption of
technologies is expected success based on thdcpradtneighbors using the technology,
‘learning by doing’. This also explains the nonrsfigance of the education and farming
experience variables. The latter being surprisggause it contradicts with the results of
other studies like the adoption of drip-irrigatiop Namara et al. (2007). Now that households
have seen the potential benefits, adoption hasnbe@mn issue of affordability. Cash to buy a
treadle pump is only seldom available for smallkeoddand credit schemes are necessary for
them to adopt the pump.
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Conclusions

This chapter established which factors play a moldetermining which households use the
treadle pump compared to adopting other irrigatoethods. The treadle pump is most
attractive to families with relative scarce labos the treadle pump increases labor
productivity. Households with a low self-assesseelfave have a higher probability of
adopting the pump indicating that the poor smatilead are reached with this project.

The factors that have to be targeted by IDE tovedte the constraints faced by farmers are
complex; the establishment of farmer groups andadsites as IDE is doing increases the
potential benefits and the adoption of the treadiep. The demo-sites increase the ‘learning
by doing’ opportunity and the farmergroups incredis® adoption by complementing the
potential benefits from the treadle pump (througtréased bargaining power and increased
access to information and markets). The crediteissthowever not tackled at the moment.
IDE is trying to establish credit facilities in ¢aboration with META, but this needs time.
The development of cheaper pumps can alleviatertwit constraint in the future.
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5. Farming practice and the treadle pump

5.1 Introduction

Irrigation benefits the poor though higher produoctihigher yields, lower risk of crop failure,

and higher and year-round farm and non-farm empémtmaccording to Hussain and Hanjra
(2004). Irrigation enables smallholders to adoptrendiversified cropping patterns and to
switch from low-value subsistence production tohkigilue market-oriented production. This
chapter aims to give an overview of the differencéarming practice between households
that use a treadle pump and those who use othmr iorigation methods.

As the treadle pump requires a relatively smalkestinent sum, this irrigation technology is
especially suitable for smallholders. AccordingatéAO report the treadle pump ‘increased
the area under irrigation, reduced work time coragao bucket irrigation, improved crop
quality, reduced frequency of irrigation to two three times a week, decreased labor use
compared to bucket irrigation, increased additi@m new crops grown each season, and the
number of growing cycles as crops are able to giaster with full irrigation’ (Kay and
Brabben, 2000).

In this chapter the use of land, irrigation, labmp choice, yield, and welfare are compared
for the adopters of the different irrigation teclogies. The division of households is the

same as in the Multinomial Logit model; househaold® do not irrigate, households that use

buckets for irrigation, households that adoptedtteadle pump and households who use a
motorized pump. The differences in farming practiece tested for significance across the

groups with t-tests. This chapter concludes wite thost important differences between

households with a treadle pump and the other haldelby giving an answer to research

question 2, what are the differences in farmingfica between adopters and non-adopters of
the treadle pump? The results of the quantitativayais will be cross-checked and where

necessary extended with qualitative interviews Wwitkiseholds that did and did not adopt the
treadle pump and with experts on Zambian smallliaddeculture.

This chapter will compare the households followghfferent irrigation methods. Section 5.2
focuses on land and irrigation. Section 5.3 exglde differences in use of labor. Section 5.4
looks at the area grown per crop. Section 5.5 coespthe total crop income, section 5.6
compares the income for different ownership grospstion 5.7 compares the income per ha.
Section 5.8 focuses on self-assessed welfare.0Best® compares the welfare distribution.
Section 5.10 contains the feedback from the field section 5.11 summarizes the results and
gives the conclusions

5.2 Land and irrigation

Irrigation enables farmers to increase their lapooductivity. It enables households to

cultivate a larger area of irrigated crops. Adopiefrthe treadle pump grow an average of 4.7
ha of crops, as can be seen in table 5.1. Thigmfisantly more than non-irrigators (3.1 ha)

and the bucket irrigators (3.5 ha). Treadle pumigators cultivate a smaller area than the
owners of a motorized pump, but this is not sigaifit. Households who own a treadle pump
grow an average of 1.0 ha of irrigated crops. Tisignificantly more than the households
who use buckets (0.6 ha). Households with a madrgump also have an average of 1 ha
under irrigation; it is remarkable that the ownefsa motorized pump do not have a larger
area under irrigation than the adopters of thedteepump. Treadle pump adopters grow an
average of 4.1 ha of crops. This is significantlgrenthan the non-irrigators and the bucket
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irrigators (2.8 and 3.0 ha respectively), but s the motorized pump irrigators who grow
an average of 6.3 ha of rain fed crops. The faat tieadle pump adopters grow a larger area
of rainfed crops indicates that they use part efldbor freed and the income from irrigated
crop production as input for the rainfed productton The income from irrigation can be
invested in buying more seed for rainfed cropsuyiriy oxen or ploughs.

The above is consistent with one of the advantdigasa FAO report (Kay and Brabben,

2000) mentions; the treadle pump increases thelarder irrigation, because with the same
labor a larger area can be cultivated. The figalee show that treadle pump adopters not
only grow more irrigated crops than those who dbimr@ate or use buckets, but also grow
more rainfed crops. Treadle pump owners cultival@ger total area than these two groups.
As expected owners of motorized pumps cultivateeaen larger area, as they grow more
rainfed crops, but this difference is too smalbé&osignificant.

Table 5.1 Land and labor averages

No irrigation Bucket Treadle Motorized
(N=110) (N=364) (N=352) (N=48)
Cultivated area (ha) 3.1** 3.5%** 4.7 6.0
Irrigated area (ha) - 0.6* 1.0 1.0
Rainfed area (ha) 2.8** 3.0%** 4.1 6.3**
Household members 6.0*** 6.9* 7.2 8.1**
Dependency ratio 34%** 39 41 39
Household members 85%* 80%** 82% 76%**

working on-farm
***Significantly different then treadle pump adopseat 1%
**Significantly different then treadle pump adopet 5%
*Significantly different then treadle pump adoptatsl0%
Source: PRISM 2005 dataset

5.3 Labor

The treadle pump is a labor saving technology. eans that either a larger area of land can
be cultivated or that household labor can be frémdoff-farm employment. Irrigation
increases employment opportunities through incekademand for inputs and increased
supply of outputs (Hussain and Hanjra, 2004). Hbakks who adopted the treadle pump
have on average 7.2 household members (table %Hiy is significantly more than
households who do not irrigate (6.0) or use buc{@®). Households with a motorized pump
have the most household members (8.1). As housetimdddoes not influence the adoption
decision, this means that households using a mdvanaed irrigation method get bigger
families. Officially polygamy is illegal, but it istill common practice in the rural areas. Large
sums have to be paid to the parents of the brméhes richest men can buy the most wives
and is likely to have more children.

The dependency ratio (percentage of household mesmimder 14 or over 65) of treadle
pump adopters is 41%. With an average family ofti2 would mean 3 dependants and 4
household members that can work on the farm omgéleee. Non-irrigators have a lower
dependency ratio of 34%; in an average family wosild mean 2 dependants and 4 members
who can work. In households with a treadle pump &%%e household members work on
the farm or in the household. This percentage shbatsalso household members indicated
as ‘dependants’ work on the farm. Households whaptedl the treadle pump have a lower
percentage of household members working on the tham households who do not irrigate
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(85%), but higher than households who use buclB&%]) and higher than households with a
motorized pump (76%).

None of these figures give evidence that the tee@dimp increases the number of family
members working off-farm, which the FAO reports gests as one of the advantages of the
treadle pump. This could be because when crop ptmitubecomes more profitable it is also
more profitable to expand the farm instead of fiigda job elsewhere. This would be in line
with Hussein (Hussain and Hanjra, 2004) who stétatlirrigation benefits the poor through
higher and year-round farm employment.

5.4 Cropping

Irrigation increases the possibilities to grow higidlue crops. These are mostly vegetables,
which are much higher value crops compared to edinfrops, like maize and wheat.
Irrigating households are able to diversify theioquction to spread risk and produce the
crops that are expected to have the highest regefable 5.2 provides information on the
cropping pattern of the households, namely the plaated with the different crops and the
number of households who grow the crop.

Table 5.2 Average area planted per crops (in ha)

Crop\ No irrigation Bucket Treadle Motorized
acreage (N=110) (N=364) (N=352) (N=48)
Tomatoes 0.06 (N=1) 0.23 (N=139) 0.22 (N=150) ({I8629) ***
Rape 0.35 (N=2) 0.20 (N=139)* 0.24 (N=141) 0.38 (g@**
Cabbage - 0.16 (N=72) 0.19 (N=84) 0.25 (N=15)
Green Maize 0.25 (N=1) 0.36 (N=64) 0.28 (N=60) QN412)
Onion - 0.19 (N=40) 0.16 (N=35) 0.25 (N=10)
Okra 0.13 (N=1) 0.24 (N=9)** 0.21 (N=23) 0.21 (N=7)
Impwa - 0.22 (N=27) 0.16 (N=28) 0.44 (N=9)***
Paprika - 0.21 (N=9) 0.18 (N=22) 0.29 (N=5)**
Watermelon - 0.19 (N=24) 0.20 (N=14) 0.37 (N=10)*

***Significantly different then treadle pump adopseat 1%
**Significantly different then treadle pump adopet 5%
*Significantly different then treadle pump adoptatsl 0%
Source: PRISM 2005 dataset

The crop grown most often by bucket, treadle puarg@ motorized pump irrigators is the

same; tomatoes. There is not much difference inatle@ planted with tomatoes between
bucket irrigators (0.23 ha) and adopters of a teepdmp (0.22 ha), but the motorized pump
irrigators do grow a significant larger area (0l29. The second most grown crop for all
groups is rape (a green leafy vegetable); howevsra lot less popular with motorized pump

users than with the other groups. Bucket irrigatgnesv a smaller area (0.20 ha) with rape
than treadle pump users (0.24 ha), but the moubizenp users who grow rape grow it on a
significant larger area (0.38 ha) than treadle pumgators. The third most grown crop is

also the same for all three groups. It is cabbaggewn on 0.16 ha, 0.14 ha, and 0.24 ha
respectively for the three groups. The other cgypsvn are green maize, onion, okra, impwa,
paprika, and watermelon. Okra is grown on a laayea by bucket irrigators than by the

treadle pump users. Impwa (African eggplant), paprand watermelon are grown on larger
areas by the owners of motorized pumps than byrélaelle pump adopters.
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There is no systematic difference in the croppiagtgun of the bucket irrigators and the
treadle pump irrigators. There is however a difleeebetween the treadle pump adopters and
the motorized pump irrigators; the last grow largeeas per crops. Considering that
motorized pumps do not grow a larger area of itédarops (table 5.1) this indicates that the
owners of motorized pumps specialize in certaimpsymften crops less popular with the
treadle and bucket irrigators.

5.5 Total crop income

Households that irrigate can increase their inctyen increase in quantity and quality of
production. Irrigation enables an increase in gtattirough a more intensive use of the land
(more cropping cycles and/or higher yield per cy@ad by enabling the cultivation of a

larger area with the same amount of labor. Irragatias a positive effect on the quality of the
crops and lower risk of crop failure due to ther@ased availability of water, which can

increase the price of the crops grown. To calculaéeincome per crop the total input costs
per crop are deducted from the revenue. The cdstgots are the costs of seed, fertilizer,
pesticide, transport, and hired labor. The totait @d production is the sum of the costs per
crop plus the costs of spare parts and maintendnageneral smallholders use little to no

inputs. However those who own a treadle pump orosorized pump do spend more on

inputs.

Table 5.3 Average total income per crop (in $)

Crop\ income No irrigation Bucket Treadle Motorized
(N=364) (N=352) (N=48)
Impwa - 104 (N=31)** 390 (N=34) 598 (N=9)
Okra - 0 (N=24) 312 (N=26) 130 (N=7)
Tomatoes 52 (N=2) 156 (N=202)** 260 (N=210) 1066=06)***
Watermelon -52 (N=1) 130 (N=29)* 234 (N=20) 416 (N
Cabbage - 182 (N=106) 156 (N=123) 286 (N=19)*
Green Maize -26(N=1) 104 (N=73) 130 (N=69) 104 (MF1
Rape -0.0 (N=6) 52 (N=207)*** 104 (N=207) 104(N=20)
Paprika - 26 (N=15) 52 (N=26) 208 (N=4)*
Onion - 26 (N=55) 52 (N=52) 650 (N=13)***
Total 78 (N=2) 312 (N=233)*** 520 (N=256) 2132 (N5B**

***Significantly different then treadle pump adopgeat 1%
**Significantly different then treadle pump adoet 5%
*Significantly different then treadle pump adoptatsl0%
Source: PRISM 2005 dataset

In 2005 treadle pump owners who grew impwa, gothilghest average income ($390) from
that crop (table 5.3). The second highest incore @ras from okra ($312), while tomatoes
($260) are the third most income generating cropckBt irrigators got significantly less
income than treadle pump users from impwa ($104)el look at table 5.2 we see however
that they grew Impwa on a larger area (0.22 ha) tha treadle pump adopters (0.16 ha). This
shows that the income per ha of the treadle purapsus higher for impwa. This is studied in
more detail in the next section. The highest incamp for bucket irrigators was cabbage
($182). The income from cabbage was higher for budkigators than treadle pump
irrigators, because the latter had higher inputscoBomatoes ($156) and watermelon ($130)
came second and third. Owners of motorized pumpstigo most income from tomatoes
($1066), onion ($650), and impwa ($598).
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The average total income from crop production (ideig all crops sold, not only the ones

mentioned in the table) for treadle pump users $&20. Household who used buckets to
irrigate had a significantly lower average inconieb812. The motorized pump owners had

the significantly highest average income at $213% income of treadle pump users is thus
$208 higher than the income of bucket irrigatorg, &lot lower than the users of a motorized
pump. The ratio of income between the bucket itdgaand treadle pump irrigators is 0.6;

exactly the same as the ratio of the irrigated detaveen these two groups of households.
This indicates that bucket irrigators get the sawerage income per ha from their irrigated

area, but due to the labor intensive productioy tten irrigate a smaller area than the treadle
pump adopters. We look at this in the next secfidre average income from cash crops for
the two not irrigating households, who sold casipsrequaled $73.

So, if we look at the costs of the technology; lemeseholds who own (expensive) irrigation

technology better of despite investment costs? ffémdle pump adopters paid on average
$159 for the full system. Considering the averagfer@gnce in income between a bucket

irrigator (and even more a household that doesrngate) and the adopter of a treadle pump,
the extra income in one year is higher than thé ob®uying a treadle pump. That would

mean that a household using buckets, that buysaaller pump could repay the investment
costs within the year by increasing the area thityvate. The households have little costs for
expanding their cultivated area as most househwde more land than they can cultivate.
Households will need some extra money to buy végiaiputs for the extra area they want to
cultivate. The average total costs for the produnctf the cash crop was $104 for the bucket
irrigators, $156 for the treadle pump irrigatoreada5286 for the households who used a
motorized pump. This means that bucket irrigatad An income of 300% relative to their

short-term investment costs for crop productione Tieadle pumps were only slightly more

efficient with 333%. The users of a motorized puhgve the largest relative income with

550% of their short-term investment.

5.6 Income and ownership

During the fieldtrips one can see many badly maeth or less intensively used treadle
pumps. Often these households are the householdsgaihtheir pump on credit and have
stopped repaying the loans. These households didvest in their treadle pump and are less
motivated to maximize the benefits they can ganftbe pump. Households who did make an
effort to buy a treadle pump, feel a sense of oshliprand maintain their pump much better
to grasp the benefit of their investment. To sdbefe is any evidence in the dataset to back-
up the hypothesis that ownership increases tharieaaf the households with a treadle pump,
the average income is compared for the differerysweuseholds paid for their pump.

Table 5.4 ownership and income (in $)

Number of households Average income (st.dev.)
Cash purchase 66 442 (182)
On credit 180 364 (52)
Cash loan elsewhere 6 650 (494)
Hire purchase 78 650 (208)
Token of appreciation 22 494 (208)
Grant 49 234 (78)

Source: PRISM 2005 dataset
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Table 5.4 shows that the household who got theadie pump on hire purchase or on a cash
loan elsewhere, got the highest income ($650) hatthe households who got the pump on a
grant had the lowest income ($234). The househefs got their pump on credit got the
second lowest average income at $364. The table nlmeshow that households who bought
their pump on cash have a much higher income. itidvbe interesting to study this further in
the future, to see if indeed investment of the bbokl to get the treadle pump influences the
increase in income they get from it. Another relatbetween ownership and income could be
that the way the household received the pump psofde their welfare and that better-off
household get a higher income from the treadle putigpvever this data gives evidence for
neither of these hypotheses.

5.7 Income per ha

The FAO mentions a higher yield due to higher yigdsl cropping cycle and more cropping
cycles, because the crops grow faster under fidkition, as one of the benefits of the treadle
pump. (Kay and Brabben, 2000). Table 5.4 showsnt@me (revenues-costs) of the different
crops per ha (divided by the area the crop is grown This might give some interesting
insight in the effect of the treadle pump on theldiof certain crops compared to using
buckets or motorized pumps. The figures in thidetadre price multiplied by yield. The
difference in income is thus not only caused infieiience in the quantity of yield per ha, but
also by the price. The price can be different wtiitey the quality and the level of guaranteed
supply; owners of a motorized pump have higherdyald have a better bargaining position.
However crop price fluctuates over place and tithe; income per ha in 2005 can in no
means be used as a prediction for any other yesabuBket irrigators, treadle pump irrigators,
and motorized pump irrigators are however exposetihé same variability in market price
the income for these groups can be (roughly) coetpar

Table 5.4 Income per ha (in $)

Crop\income  No irrigation Bucket Treadle Motorized

p. ha (N=364) (N=352) (N=48)
Impwa - 17,784 (N=22) 2,730 (N=24) 2,002 (N=7)
Okra - 416 (N=9)* 1,716 (N=19) 4,888 (N=6)**
Tomatoes -52 (N=1) 1,352 (N=128) 2,002 (N=137)  8,32=29)
Watermelon - 1,170 (N=22)* 5,200 (N=14) 2,288(N=9)
Cabbage - 3,146 (N=57)** 1,456 (N=74) 988 (N=15)
Green Maize - 676 (N=54) 988 (N=46) 442(N=11)
Rape - 1,248 (N=121) 1,274 (N=131) 1248 (N=15)
Paprika - 208 (N=8) 286 (N=17) 494 (N=4)
Onion - 572 (N=33) 546 (N=32) 1,300 (N=8)
Total - 1,378 (N=217) 1,534 (N=235) 4,030 (N=32)**

***Significantly different then treadle pump adopseat 1%
**Significantly different then treadle pump adoet 5%
*Significantly different then treadle pump adoptatsl0%
Source: PRISM 2005 dataset

Okra is a crop that clearly flourishes under irtig)a. The yield per ha increases nearly four
fold by changing from bucket to treadle pump irtiga and three fold on top of that if the

household uses a motorized pump. The treadle pwaspghe same effect on watermelon and
increases the income per ha more than four foldhb&ges get the highest income per ha
under bucket irrigation; the income is more thanlde that of the treadle pump users. The
average income per ha is not significantly différeor treadle pump users than for bucker
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irritators. This means that with the cropping paiteused by the two groups the overall
income per ha is the same. This indicates thatrdsslle pump does not increase income by
higher yield per cycle, more cropping cycles paryar a better price for better quality crops.
The significantly higher income of treadle pumprgseompared to bucket irrigators is only
due to the larger area they can cultivate. Thisisin line with Kay and Brabben (2000). The
motorized pump increases the yield per croppindgegcyand/ or the number of cropping
cycles, and/or the price received for the cropa eessult of selling larger quantities and better
guality. Although motorized pump users cultivate dame acreage as adopters of a treadle
pump, their total income is nearly three times bigh

5.8 Welfare

Irrigation has the power to increase the welfareadfiousehold through higher returns to
physical, human, social, financial, and naturaktsdrrigating households have a higher and
more diversified nutritious intake and a betterligbio pay for health and education. The
transition to the market economy integrates ther gat land, labor, commodity, and
information markets and it empowers them (Hussauh ldanjra, 2004). Data was collected
on the self-established welfare of the househdtie. self-established welfare is the answer
of the household to the question if they were; voéf (able to make investments), ‘ok’ (able
to meet needs but without extra investment), ‘gling’ (able to meet needs by depleting
assets and/ or help) or ‘unable’ (dependent on@tifpr subsistence). The income data can
be used to proxy for welfare. Slesnick (1998) stdkat income is not the same as welfare,
but that analyses using income, instead of wellaraot have to be worse than analyses using
theoretical better proxies for welfare
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Figure 5.1 The self-assessed welfare of the difteneuseholds for 2005 and 2004
Source: PRISM 2005 dataset

Figure 5.1 and 5.2 show the self-assessed welia2805, 2004, 2000 and 1995. In all groups
of households following different irrigation mettodhe welfare state most named is the
same, but different over the years. In 2004, 2@0@, 1995 most households independent of
which irrigation method they follow classify therhaes as ‘ok’; the third out of four possible
choices. In 2005 however for all groups the moshtineed self-assessed welfare was
‘struggling’. This indicates that changes that eiffall households (e.g. macro economic/
climatologically) are more important for the seffsassed welfare than the irrigation method.
To check if the total crop income is related to f&df-established welfare for 2005, 2004,
2000, and 1995, it is compared for the differenudeholds. The highest correlation is
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between income in 2005 and being well-off in 208@%¢rrelation of 0.21). It shows that crop
income does not determine the self-assessed welfathe households in this sample;
households that have low to no income from cropg. (e non-irrigators) do not assess
themselves as bad off. The non-irrigators actuadlye the highest number of households in
the well-off group compared to the other groupd,diso a higher percentage than the other
groups in the unable group. A possible explanasaiat part of this group does not irrigate
because they have better sources of income thgs amd are thus better off and a part does
not irrigate but is dependant on crops and arewmurse off.
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Figure 5.2 The self-assessed welfare of the difteneuseholds for 2000, and 1995
Source: PRISM 2005 dataset

5.9 Welfare distribution

Irrigation should increase the productivity of laandd labor. The owners of these assets can
improve their welfare by using irrigation; howewérs increases the relative poverty for the
non-irrigating and thus increases inequality. lasexl productivity of labor can relatively
worsen the position of the households that arectdteby decreased labor availability due to
HIV/AIDS, for instance, as they benefit less frohetincrease of productivity. IDE has
special programs to help the households affectedIpyAIDS to adopt the treadle pump, as

it can help them increase their production with thkeor available in the household and
increase their nutrition. IDE aims to help the msdrto improve their standard of living. For
IDE it is important the welfare of the householdattdo not adopt the treadle pump is not
negatively affected, by an increase in inequaiitg village.

Figure 5.1 shows no indication of inequality betwdbe households using the different
irrigation methods. As said in the former sectibe tost named sell-assessed welfare per
year is the same for the households independemthath irrigation method they follow.
There is a large inequality however in crop incoimethe different households following
different irrigation methods. There is no cleaat®n between crop income and self-assessed
welfare, indicating that there are other factorfuemcing welfare that are not taken into
account here. These can be income from other s®ut@n crop production or welfare
indicators that are not related to real income. débwlds that are good at exchanging
products will have a low crop income accordinghis analysis, but a relative high welfare.
Also environmental factors can play a role (e.gifga health clinic in the proximity). More
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sophisticated methods like the Atkinson’s framewornhere welfare depends on prices,
expenditure and the demographic characteristich@fhousehold can not be used due to
insufficient information.

5.10 Feedback from the field

All the households that used a treadle pump ineatdbe area they irrigated after they
adopted the treadle pump. All households with dheuit a treadle pump said that the treadle
pump increases the yield of the users. Howeverginestion why it increases yield was
always answered by that treadle pump increasearteecultivated. None of the interviewed
mentioned a higher yield per ha or an increaseagping cycles due to faster growing crops.

According to an expert at IDE the fact that incezhgield per cropping cycle per ha and an
increased number of cropping cycles per year are mentioned is probably correct.

Households still lack knowledge on irrigation anidl aften over or under irrigate. Their beds

are seldom leveled which means that some of thesonall get much more water than other
crops.

According to the same expert the revenue fromréaedte pump depends on the size of land a
household is able to irrigate. It is possible te bscket irrigation on the same sized areas as
the treadle pump. If the bucket irrigation is damea knowledgeable way the revenue is the
same as when the land is irrigated with the trepdimp. However it is very likely that this
irrigation knowledge is more widely available fdret adopters of the treadle pump. This
means two things; 1. If a bucket irrigating housdhwas the same knowledge as a treadle
pump adopters they can get the same income ahdyifwant, gather enough money to buy a
treadle pump on cash. 2. It means that dis-adoptbs gained the knowledge while they
were adopters can get the same revenue while im@j thee pump anymore.

Off-farm employment was not common among the hoalsishinterviewed. One household
sometimes worked on a large commercial farm duhiag/est time, but none had a regular
job. This is in line with the high percentage ofmfly members working on the farm; there
seems to be little opportunity or necessity to ffidfarm employment.

According to the interviewed households the podrrdit get poorer in real terms, but the gap
between them and the adopting households increas&thg them relatively worse off and
without any opportunity to grasp any of the ecoroimenefits. One household mentioned
however that because they had a pump, fresh vdgstai®e now available in the village while
in the past the villagers had to go into town uy kegetables .

5.11 Summary and conclusions

Summary

This chapter aimed to establish the differenceainmfng practice between the households
who use no irrigation, bucket irrigation, the treeagump or a motorized pump. The more

advanced the irrigation method the more land i§vaied, not only is a larger area planted

with irrigated crops, but also the rainfed crops grown on a larger area by those households
using a more advanced irrigation method. Biggerskbolds use more advanced irrigation

techniques.

Irrigation increases the possibilities to grow higalue crops. All irrigating households
(independent of which irrigation method they usignfed the largest area with tomatoes,
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followed by rape, and cabbage. In 2005 adoptetheotreadle pump got the highest average
income ($390) from impwa followed by okra ($286pdatomatoes ($260). Irrigation
significantly increases the income of okra and waedon per ha. Cabbages however get the
highest income per ha when grown under bucketaitiog. On average bucket irrigators get
the same income per ha from their irrigated areeaslle pump users. The motorized pump
does increase the income per ha nearly three fold.

The average total income from crop production feadle pump users was $520. Household
who used buckets to irrigate had a significantlydo average income of $312. The motorized
pump owners had the significantly highest averageme of $2,132. The income of treadle
pump users is $208 higher than the income of buaokgators.

In all groups of households following differentigation methods the welfare state most
mentioned is the same, but different over the ydar$995, 2000, and 2004 most households
independent of which irrigation method they follavelassified themselves as ‘ok’; the third
out of four possible choices. In 2005 however fbgeoups the most mentioned self-assessed
welfare was ‘struggling’, the second out of therfpassible choices. There is only a very low
(0.21) correlation between self-assessed welfalaramome.

All the adopting households increased the area itngated after they adopted the treadle
pump. The treadle pump increases labor productine of the interviewees mentioned a
higher yield per ha or an increase of cropping eydue to faster growing crops. According
to one of the experts, households still lack knolgée on irrigation. They will often over or

under irrigate, which can explain why the yield peopping cycle or number of cropping

cycles of treadle pump users is not higher thandhbucket irrigators.

Conclusions

The farming practice of households using a tregdimp is different from those using other
or no irrigation methoddrrigation enables farmers to switch from subsiséeproduction to
growing high value crops for the market. The tregalimp is a labor saving technology and
therefore the area irrigated is significantly larger the adopters, compared to bucket
irrigators. The average income per ha is not sicaittly different for treadle pump users than
for bucker irritators. However adopters of tregollenp cultivate a larger area of irrigated and
rainfed crops. This indicates that the increaséabor productivity and possibly the extra
income of the irrigated crops, increases the prooin®f rainfed crops too. The income of
treadle pump users is $208 higher than the incomé&ooseholds using buckets. The
comparison of households using the different itr@@amethods did not show a difference in
their self-assessed welfare. The crop income isowtlated with self-assessed welfare.
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6. Effect treadle pump on welfare

6.1 Introduction

This chapter aims to establish which part of thaxe of households that adopted the treadle
pump, can be allotted to the treadle pump. AccgdmIDE the treadle pump increases the
annual income of a farmer with $100 (IDE, 2007).after 5 showed that the annual
difference in income between treadle pump users raondirrigating or bucker irrigating
households was $442 and $208 respectively. Thipteh&alculates the increase in welfare
due to the treadle pump in two ways; through tliecéfon crop income and on self-assessed
welfare. Total income would be the best proxyvaifare of the household, but the dataset
does not contain information on income from othaurses than agriculture. As only a few
farms earned income from other sources than agureult is assumed that the income from
crops is a proxy of total income. Self-assessedaneis the grade households given to their
own welfare. A very subjective, but important measiChapter 5 showed that households
that adopted the treadle pump had significant igheome from crop production than
households who used buckets or no irrigation. Thegpter did not show a clear difference in
self-assessed welfare. This chapter will try t@aleissh which part of this difference in income
and self-assessed welfare can be allotted to eladle pump.

Self-selection hinders an easy establishment ofeffext of the treadle pump. The treadle
pump was not randomly distributed among househblgishouseholds selected themselves to
get a treadle pump. Households with more managepwantial will possibly be more likely
to adopt a treadle pump but also to have highgy grelds. Consequently those adopting will
probably also had a higher income/welfare if thag Imot adopted the treadle pump. In that
case it is not only the treadle pump that increasesme. Ordinary Least Squares (OLS) and
Propensity Score Matching (PSM) are two ways tdrobifor the difference due to household
characteristics. OLS is a simple technique, win&elatter is more sophisticated.

We have to take into consideration that this chaptalyses only the effect of the treadle
pump on the users of the treadle pump. Those holdsetvho own a treadle pump but are not
using it are left out the analysis (8% in this data

Section 6.2 describes the theoretical backgrounth@fanalyses. Section 6.3 describes the
Ordinary Least Squares specification. Section @vésgthe results of the OLS. Section 6.5

describes Propensity Score Matching (PSM) meth8ection 6.6 gives the results of the

PSM. Feedback from the field, is given in sectiof. @he conclusions of this chapter are

presented in section 6.8.

6.2 Theoretical background

‘Enabling prosperity’ is IDE’'s main goal. Welfare the objective economic term for the

prosperity that IDE wants to increase. Welfare isasured by income and by the self-
assessed welfare of the household. The grade th&eholds give their own welfare is the

most accurate measure, but income is added as @ hauch larger variation and is expected
to be an important determinant of welfare. Incoseevenue minus variable costs from crop
production. Household are expected to maximize nme@iven the technology and market

constraints they face and the endowments of |dand, capital, and water. Farm households
are typically price takers, working with family laband taking into account a high level of

uncertainty with respect to the level of output.
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A farm household can have a different objectivenore objectives than profit maximization.
There are suggestions that farmers adopt satisiyistgad of maximizing behavior. In this
case they set a minimum acceptable level of proBudf-assessed welfare contains data on
how the households themselves asses their situdtiman be expected that self-assessed
welfare will be linked to income and will largele lexplained by the same factors. Although
self-assessed welfare is a much more subjectivesumeahan income, it is a far more
important one. Income alone does not determinselfeassessed welfare of a household. It is
very interesting to analyze the self-assessed mglés in takes into account more subjective
measures like relative welfare. An increase in imedhat is relatively lower than the increase
in income of the other households in the villagh Mas to a lower self-assessed welfare.

6.3 OLS Specification

OLS can be used to determine the effect of thellegaump adoption on welfare, controlling

for other explanatory variables. It is assumed that different irrigation methods have a
different effect on welfare. To test for this asgtion two regressions were run, with

different dependant variables that can represerntarge 1) income and 2) self-assessed
welfare. Different irrigation methods are represenby dummies in the two regressions.
Significant coefficients for the irrigation methoutglicate a significant effect of the irrigation

methods on welfare.

The same categories of explanatory variables aexl uss in the Multinomial Logit
(management skills, farming characteristics, ais#é gttitude). Size of cultivated areas per
crop is added to explain income / welfare diffeencThe variables used in the regression are
described in Appendix B. The outcomes are expeteshow the same effects as in chapter
5; treadle pump adopters have a higher income tiwemirrigating households and bucket
irrigators, but less than owners of a motorized puithe self-assessed welfare is given in a
number between 1 and four; 1= unable to survivéout help, 2= struggling to survive, 3=
ok, and 4 = doing well.

6.4 Results of the OLS

Specification tests for the OLS show that the evastances are not constant. This means the
error terms are heteroskedastithough the OLS estimator remains unbiased amsistent,
they are not efficient and the estimated standamdsare wrong. Because of this, confidence
intervals and hypotheses tests are not reliable 3tandard errors in this analysis are
necessary to establish the significance of thefioteits. Therefore the robust option is used,
to adjust the standard errors for heteroskedasteit the non-normally distributed standard
errors. Generalized Least Squares can not be assdjust for the heteroskedasticity because
the variance in the error term is unknown. The afagce Inflation Factor (VIF) shows that
multicollinearity, correlation of the explanatorgnables, is not present in this specification.
Ramsey’s reset test, does not reject the hypotbésis misspecification.

Table 6.1 shows the effect of the irrigation teglugis on income and self-assessed welfare in
2005. The t-values of the coefficients can be foumdppendix D, table D.1. The income
regression has an R-squared of 0.19; this meansthisaregression explains 19% of the
variation in income. Income depends on many vaemlhat are not included in the dataset
(e.g. the yield and prices) and unobservablesnik@agement skills (that we can only proxy
for by household characteristics). The self-assesgdfare regression has an R-squared of
0.18. Self-assessed welfare is even more dependamtobservables than income.
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According to the OLS estimates, the treadle pungpahaignificant effect on welfare, but not
on income. This is surprising. The difference itdme between treadle pump users and
bucket irrigators was $208, according to chapteiffdis is nearly the same value as the
coefficient ($229) in the income regression, bus ibnly significant at a significance level of
15%. The OLS keeps all other variables (like laizé)sconstant. This means that the effect of
the treadle pump on the amount of land cultivasedot taken into account. This is unrealistic
as chapter 5 gave evidence that the largest paheoihcrease of income from adopters was
due to an increase of irrigated land.

Table 6.1 OLS estimates of income and self-assegstdre

Income Self-assessed welfare
in$ 1= unable to 4= well-off
Irrigation method
Bucket 66 -0.01
Treadle 229 0.17%**
Mechanic 1252* 0.25**
Management skills
Age -87*** -0.12%**
No education head -97 -0.04
High education head 87 0.17
No education spouse 136 0.06
High education spouse 461 0.30
Experience in years -8 0.03
Followed crop training -75 0.03
Size of household 101 0.06
Farm potential
Central Province 152 0.46***
Copperbelt 152 0.38***
Living in IDE area 130 0.10
Crops
Tomatoes in ha 1027* -0.08
Cabbage in ha 277 0.43
Impwa in ha -724 0.18
Rape in ha -2 0.01
Paprika in ha -1092 1.37**
Green maize in ha 257 0.31***
Onion in ha -587 0.66**
Melon in ha 156 -0.20
Okra in ha 4585 -0.75
Risk
Household head sex -14 -0.13
Member farmer group -99 0.08
Constant 231 2.52
R-squared 0.19 0.18
Number of observations 643 685

***Significantly at 1%
**Significantly at 5%
*Significantly at 10%
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The treadle pump has a highly significant effect the self-assessed welfare of 0.17
(significance level of 1%). Bucket irrigation doest have a significant effect on either
income or self-assessed welfare. A motorized puropeases income by 1,250 (at 10%) and
self-assessed welfare with 0.25 (at 5%) points scage from 1 to 4.

The following control variables influence incomedaself-assessed welfare: Age decreases
income and self-assessed welfare. For every ters ylea household head increases in age the
income will decrease with $87 and self-assessethrealill decrease with -0.12 points (both
at 1% significance). As in the Multinomial Logitrfthe adoption decision, none of the other
variables to capture management skills are sigmficFarming potential has a significant
effect in the form of location. Living in the CealkrProvince or in the Copperbelt increases
welfare (0.46 and 0.48 respectively at 1%), congbare living in Lusaka Province. The
cropping variables show that area per crops doesigoificantly explain income, except for
the area of tomatoes. This indicates that yield aond price varies so much that the area
planted with a crop is not an indication of incoma extra hectare of tomatoes increases
income with $1,027 (at 10%). Curiously the areagrep does affect self-assessed welfare. A
hectare of paprika increases self-assessed wdljafle37 points (at 5%), a hectare of green
maize increases welfare by 0.31 points (at 1%),ahdctare of onions increases welfare by
0.66 points (at 5%). This could either be througtoime; these crops maybe easily exchanged
with neighbors for other goods; improve the dietted household or through psychological
factors like households feeling more satisfiechéyt grow these crops (maybe more difficult
to grow).

Chapter 5 showed a significant difference in incdméneen the users of the treadle pump
and households using buckets or not irrigatinglaife$208 and $442 respectively. However,
the results of the regression show that the effdcthe treadle pump on income is not
significant. This gives more evidence for the stert made in the former chapter that
income only increases through an increase in tha aultivated. The treadle pump has a
positive and significant effect on the self-assdsaelfare. This can be explained by the
increase in income due to the treadle pump, beaawsership of the treadle pump increases
their status or because the increase in crops peadalso diversifies the food consumption of
households.

6.5 Propensity Score Matching method

Propensity Score Matching (PSM) is a way of essaitig the effect of the treadle pump

correcting for self-selection bias. PSM, matches #idopting household to non-adopting
households. The OLS regression did not show afsgnt effect of the treadle pump on

income. PSM estimation leaves space for other bi@sachanging with the adoption of the
treadle pump, like land size. PSM is a non-paramestimation technique that estimates the
Average Treatment effect of the Treated (ATT). P&\Vbased on the work of LaLonde

(1986). The analysis in this chapter follows theren@cent work of Becker, who focused on
the analyses in Stata (Becker and Ichino, 2002).

The ATT is the increase in income or self-assesgdthre. It is the difference between the

income or welfare for households with treadle puand the income or welfare for the same
household without the treadle pump. However thenme or welfare of a household who

adopted the treadle pump if they had not adoptedréadle pump is unknown. To show the
effect of the treadle pump on the adopters, the A&% to be established by comparing the
income or welfare of a treated household with atreated household that is as similar as
possible to the treated household before they adofte treadle pump. Every observation
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gets a Probability Propensity Score (PPS) basgar@treatment characteristics. Households
who adopted the treadle pump and who decided notit@te or irrigate with buckets with
the same PPS are then compared. In this way theingislata on the counterfactual of
adoption of the treadle pump are filled in. Thisgadure is called PSM. The difference in
income or welfare between users of the treadle pamnapnon treated households with similar
characteristics is the result of the adoption efttleadle pump.

Probability Propensity Score

The PPS is the conditional probability of receivig treatment given pre-treatment
characteristics. Formula (1) shows that the prdivalmf receiving a treatment given the pre-
treatment characteristics is defined by the prditplaf exposure to the treatment conditional
on the pre-treatment characteristics. In other wotlde probability of adopting the treadle
pump. The PPS score has to be assigned to testhinatbservations can be divided in
balanced groups. This is the balancing propertye ®hservations are divided into groups,
until each group consists of treated and non tdeateservations that are not significantly
different in any of their observable charactergstic

PPSo Pr{D :;qx} = E{D|X} 1)

Where:

PPS Probability Propensity Score;

Pr Probability of exposure to the treatment;

D Dummy for receiving treatment;
Pre-treatment characteristics;

E Expected value.

The pre-treatment variables included in estimatigPPS should affect both the probability
of receiving the treatment and the outcome of teatinent. An important assumption for the
matching process to take place is the Conditiondependence Assumption (CIA). This
assumption states that if the observables variahtes controlled for, the difference in

outcome is due to the treatment. This assumptitimeisnain idea of PSM.

The PPS are assigned to the households based agemaent potential, farming potential,
irrigation potential, and risk attitude. The vatedincluded in the estimation of the PPS are
described in Appendix B. All independent varialil@se a relation with income / welfare and
adoption of the treadle pump. The same variablesuaed in the PPS for receiving the
treatment (adopting the treadle pump) as in thetifuhial Logit for adoption. If the pre-
treatment characteristics (few of them were asketie questionnaire) were not available the
present characteristics of the household were takea proxy for the characteristics before
adoption. This means the PPS are less reliablewbustill give a good indication of the
effect of the treadle pump.

Propensity Score Matching

PSM can be used to compare the outcome of treateseholds to non treated households,
given a population of matched households. Thertreat is the adoption of the treadle pump.
The effect of the treatment is the gain in incomewelfare for the 2005 variables. The

43



The treadle pump in Zambia: stepping out of subsignce farming

Average Treatment effect of the Treated (ATT) he difference in outcome between a
treated and non-treated household with the samigapiitty of receiving the treatment, the
same PPS (Becker and Ichino, 2002).

There are different ways to perform PSM. The chasfcinding a treated and a non-treated
household with exactly the same PPS is very snibkrefore different matching techniques
based on PPS exist. In these methods the housedrelasatched based on the variables used
in assigning the Propensity Score and satisfyirg lihlancing property. It is difficult to
decide on the suitability of these different methotherefore the three most commonly used
methods are presented. This will increase thehiéitya of the results. The first method is the
method of the Nearest Neighbor. All treated units eompared to the most similar non-
treated unit. The second method used is Kernelhimagc This method compares all treated
units with a weighted average of the non-treatagsbbolds based on the similarity. The third
method used is the stratification method. This metbalculates the average outcome per
group and compares this with the non-treated umitise same group.

Two options that will be used here to perform PSi dropping households outside the
common support and bootstrapping the standardserftwee common support area is the area
that most Propensity Scores are in, in other wtrdsoutliers (based on PPS) are outside the
common support. Bootstrapped standard errors areavierage standard error of the ATT
based on multiple simulations of different samplgth replacement from the data itself.
Bootstrapped standard errors account for the wmiogytassociated with the estimation of the
Propensity Score.

6.6 Results of the PSM

This section will present the results of the PrgitgnScore Matching. In the first part the
Propensity Scores are assigned to the househotbtsharbalancing property is checked. In
the second part the households are matched basth@ eariables used in assigning the PPS
and satisfying the balancing property, to give asbd estimates of the effect of the treadle
pump on the users of the treadle pump. In this@edirst the Probability Propensity Scores
are assigned to the households and then treatedoantteated households will be matched to
establish the effect of the treadle pump on income.

Estimation of the Probability Propensity Scores

PPS are assigned to the households to determiiepifedability of adopting the treadle
pump. The households are divided in as many gragpgecessary to form groups that are on
average not significantly different. See appendjxdble D.2 for the observations per group.
The PPS score shows that the households are dividealanced groups. The estimation of
the Propensity Scores can be found in table 6.peAdix D, table D.3 includes the t-values
of the coefficients. 63% of the adopting househaldspredicted correctly.

The estimation of the PPS shows a high amount gififgiant variables. There is a big
overlap in de variables significant for the PPS #dredvariables significant in de Multinomial
Logit. This indicates the robustness of the analygee of the household head positively
influences the PPS of adopting the treadle pumpb%t significance level. Age of the
household head squared has a negative effect atwh¥dh means that the increased
probability of adoption decreases with age. Theeddpncy rate has a positive effect at 5%.
Living in Central Province has a negative effectb&. Living in the Copperbelt has a
negative effect at 1%, this means that comparduitgg in Lusaka Province households in
the Copperbelt and Central province have a lowebaility to adopt. Both the amount of
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traditional and private land have a positive effentthe PPS at a 10% confidence level.
Struggling to survive in 2000, increases the PPSL%t This could be because these
households were searching more for ways to gebbtlteir position, or because IDE targets
these groups. Living in a project area increases flobability at 1%. Female headed
households have a lower probability of adoptingttbadle pump at 1% and membership of a
farmergroup increased the PPS at 1% significancs.le

Table 6.2 PPS estimates for adoption of the treuathep
PPS for adoption of the treadle pump

Management skills

Age 0.72%**
Age2 -0.00***
No education head -0.06
High education head -0.03
No education spouse -0.06
High education spouse -0.47
Experience in years 0.05
Size of household -0.11
Dependency rate 0.05**
Farm potential
Central Province -0.32**
Copperbelt -0.51%**
Size of traditional land 0.01
Size of private land 0.01*
Size of rented land 0.09
Irrigation potential
Welfare high 2000 0.04
Welfare low 2000 0.42
Welfare very low 2000 -0.05
Living in IDE area 0.78***
Risk
Household head sex -0.40***
Member farmer group 0.51***
Constant -2.91
R-squared 0.1216

***Significantly at 1%
**Significantly at 5%
*Significantly at 10%

Propensity Score Matching

Before matching the PPS, some alterations are rnadlee data. To get the best matching
results, the households that are outside the consupport are dropped in the matching
procedure. There are 351 treated (users of a &gaathp) households in the PSM procedure.
The number of controls depends on the matching odetfihere are different methods to

perform the PSM. The results of three methods aesemted. The standard errors are
bootstrapped to account for the uncertainty astegtiaith the estimation of the propensity

score. Table 6.3 shows the result of the diffeesitmation methods for the two different

dependent variables.
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The estimated Average Treatment effect of the ®dk&dr income is very similar for the three
different matching methods used. Table 6.3 givesrdsults. Matching the adopters of the
treadle pump to the most similar non-adopting hbakk with Nearest Neighbor Matching
shows an ATT of $252. Matching according to thertéématching method shows an ATT of
$250 and according to the Stratification methodeffiect is the lowest at $240 per household.
All matching methods show a significant ATT (atignificance level of 1%) of nearly $250.
This means that those households that use a trpadip will on average have a crop income
that is nearly $250 higher than if they had notpaed the treadle pump. Section 5.5 showed
that the difference in income between a househwdtl ised buckets or a treadle pump was
$208 and between non-irrigating households andilegaump users was $442.

Table 6.3 Average Treatment effect of the Treated

Average self-assessed

Average income effect welfare effect

(in $) (on a scale from 1 to 4)
ATT No ATT No
controls controls
Nearest Neighbor Matching 252%** 155 0.10 177
Kernel Matching 250*** 411 0.15%** 411
Stratification Method 240*** 411 0.15*** 411

***Significantly at 1%
**Significantly at 5%
*Significantly at 10%

The ATT for self-assessed welfare is very simitarKernel Matching and matching with the
Stratification Method, but different for Nearest ilgbor Matching. Nearest Neighbor
matching shows that the ATT, the average effectheftreadle pump on the self-assessed
welfare of the adopters, is not significant. Howelseth other methods show a significant
effect of 0.15 points on the scale from one toektt®n 5.6 did not show a significant higher
welfare for adopters of the treadle pump. The OhSseéction 6.3 however did show a
significant effect on the adoption of the treadlemp on self-assessed welfare of 0.17 points,
compared to not irrigating.

6.7 Feedback from the field

The interviews with the households cast no doubthencontribution of the treadle pump to
rural welfare. All adopters said they are bettémafwv, than they would have been without the
pump and that they are better off than their nedghbwho do not have a pump. The
improvements they made to their standard of liwirege impressive. Households now have a
more diverse diet with the food products they giovd buy products like fish, meat, milk,
and vegetables. All the households with a treadlepare able to send all their children to
school. Some households had problems paying abotdiees before they got the treadle
pump and 1 household said its children have reaeheidher level of education due to the
treadle pump.

All households that adopted the treadle pump irsméaheir household assets; a cement
house with iron roof sheets, a radio-cassette,daovdeck, and a solar system are some
examples. Productive assets bought are; a bicggkdow, a harrow, an engine pump, goats,
and oxen for plowing. However there was also a &bokl that decreased her livestock
activities. Three households that owned a treadlagpnow have savings, something they
were sure they would not have without the treadlmp. The interviewees emphasized an
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increase in household assets due to the use ofréadle pump. Productive assets were

mentioned less. Shah (2001) found the distributietween household and productive assets
was about 50-50. Also the IDE field officers thotuttat the increase in household assets was
stressed more, because these assets are moreestanging.

The insignificant effect of the area planted witleeatain crop in the OLS regression can be
due to the highly fluctuating prices. For examgieuseholds sold a box of tomatoes for
between $5 and $32 depending on the time of the ged the market conditions at that
moment. This shows the moment of sales is more itapb than the size of the area
cultivated. Increased market information probaldg B more important effect on income than
the acreage planted.

The adopters were all sure they would have neveraged to acquire their current standard
of living if they had not adopted the treadle pumpe eagerness of the households without a
treadle pump to get a treadle pump confirms tha idhat the treadle pump contributes to
welfare. Only one household mentioned that the pwagp great in theory, but that there was
a long way between using the treadle pump and veelfaater availability, availability of
spare parts, market access, and transport playportant role. The story of this household is
probably representative for more households alt @&nbia who adopted the treadle pump.
But also this household had managed to increastsitglard of living.

6.8 Summary and conclusions

Summary

The dataset offers two ways of measuring welfargome and self-assessed welfare.
Methods used are Ordinary Least Squares regreasibriPropensity Score Matching (PSM).
The latter corrects for the bias due to self-g&lac

OLS regression estimates the effect of the trepdtap keeping other explanatory variables
constant. The dummies for the irrigation methodswshhat the treadle pump only has a
significant effect on self-assessed welfare, notrmome. The effect on the self-assessed
welfare is 0.17 at a scale from 1 to 4 (at 1%). Gt areas did not play a significant role in
explaining income, indicating that the yield andr/price vary too much to make acreage a
good indicator for income.

PSM compares the income of adopters with the incofm&milar (based on pre-treatment
characteristics) non-adopting households. All maghmethods show a significant Average
Treatment effect of the Treated (at a significalesel of 1%) on a yearly base of $250. The
effect of the treadle pump on self-assessed welta@15 points according to two of the
applied matching methods and not significant adogrtb one of the methods.

The interviews with the households cast no doubthencontribution of the treadle pump to

rural welfare. All adopters said they were betté#rtloan they would have been without the

pump. They feel they are better off than their hbagys who do not have a pump. The
eagerness of the households without a treadle ponget a treadle pump, confirms that

households feel that the treadle pump contribuidbdir welfare. One household mentioned
that the pump had great potential, but that theeeaalot of obstacles on the road between
getting a treadle pump and benefiting from it gfitll extent.
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Conclusions

This chapter aims to establish which part of théaxe of households that adopted the treadle
pump can be allotted to the treadle pump. The Qdgsession in this chapter shows that the
effect of the treadle pump on income was not sigaiit, as OLS keeps other variables (like
land size) constant. PSM estimation leaves spaceottter variables changing with the
adoption of the treadle pump and shows an averdget af nearly $250. This shows that the
increase in income goes through variables tha®ih® forces to be constant.

The OLS regression shows a significant positiveafbf the treadle pump on self-assessed
welfare. PSM shows that there is a significant fposieffect of 0.15 point on a scale from 1
to 4. Interviews with adopting and non-adopting $eholds confirm that the treadle pump has
a significant affect on welfare. IDE aims to ingeavelfare through increasing agricultural
productivity and measures this by income. This tdraphows that the increased agricultural
productivity also has a direct positive effect etf-assessed welfare, not necessarily through
income.

The effect of the treadle pump mentioned abovenig for the users of the pump and not for
those households who own a pump, but are for seamon not using it. The risk of broken or
not functioning pumps is not addressed here. Swldkns who invest, independently if it is
cash or credit, in a treadle pump that they areabt# to use have decreased their income. The
effect of a decrease in income on a householddivin less than $2 a day can be disastrous.
IDE has to prevent that faulty treadle pumps asériduted in Zambia. The problem of pumps
breaking is a problem that the adopters shouldbbeta solve themselves. According to the
analyses in this paper, households have the meapayt for repairs. However an estimated
25 to 30% of the pumps will not be in use anymareame years due to broken parts, which
is substantial. There is a role here for IDE to ewgr the smallholders to find a solution for
their broken pumps; either by repairing it themsslor finding a dealer that can repair the
pump for them.
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7. Conclusions and discussion

Conclusions

According to the International Development Entes@r{IDE), farmers are on average able to
generate more than $100 per year in extra inconZaimbia by using the treadle pump (IDE,
2007). The FAO states that irrigation can increaskls for most crops by 100 to 400%. The
objective of this paper was to evaluate the coutitim of the treadle pump to the rural
welfare of smallholders in Zambia. Different estioa procedures and a relatively new
dataset were used to obtain information that canseéul for the future projects of IDE. This
chapter summarizes the conclusions of the papact¢omplish the objective and discusses
the results.

Adoption

The following factors play a role in determining ialn households use the treadle pump
compared to adopting other irrigation methods: tadailability, self-assessed welfare, and
membership of farmer groups. The treadle pump istnattractive for households with
relative low availability of labor as the treadlenpp increases labor productivity. Households
with a low self-assessed welfare have a higheraiitiby of adopting the pump, indicating
that the poor smallholders are reached with thigept. The factors that have to be targeted
by IDE to alleviate the constraints faced by farsnare complex. The establishment of farmer
groups and demo-sites, as IDE is doing, is thetrighy. The demo-sites increase the
‘learning by doing’ opportunity and the farmergrsupncrease the adoption by
complementing the potential benefits from the tlegoump. Access to credit is a very
important factor in the adoption of the treadle purhis factor was not measured in the
PRISM dataset and could not be used as an exptgnaaable in the Multinomial Logit.
This was however, one of the most mentioned faaarsg the interviews. The credit issue
Is not tackled at this moment. IDE is trying toadsish credit facilities in collaboration with
META, but good schemes need time. The credit camgtiwill also be alleviated by the
development of cheaper pumps in the future.

The average price of a treadle pump with pipeshia sample was $156. IDE is targeting
smallholders living on less than $2 a day and foeeethe price is considered a major
constraint for adoption. This paper shows that ghee of the pump is only 60% of the
estimated average increase in income that the holgsevill have in a year. A household
living on less then $2 a day will not be able teesthe necessary amount to buy a pump.
These results indicate however that if a crediessh was offered to them they should not
have difficulty repaying it. Considering this, |D& certainly enabling smallholder welfare by
stimulating smallholders to buy on a treadle pumg@ geaming up with MEDA to offer them
credit schemes to do so.

Farming practice

The farming practice of households using a treadi®p is different from those using other
or no irrigation methods. Irrigation enables farsngr switch from subsistence production to
growing high value crops for the market. The averagcome per ha, is not significantly
different for treadle pump users than for buckgtaitors. The data does not show increased
yield per cropping cycle or an increase in croppoygles per year, as the FAO states.
Adopters of treadle pump however, cultivate a laayea of irrigated and rainfed crops. This
indicates that the increase in labor productivitgd @ossibly the extra income of the irrigated
crops, increases the production of rainfed crops to
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The income of treadle pump users is $208 highen tie income of households using
buckets, due to the increase in the area cultivatked crop income is not correlated with the
self-assessed welfare.

Income

A significant part of the welfare of householdsngsthe treadle pump can be allotted to the
pump. Propensity Score Matching (PSM) leaves spacether variables changing with the
adoption of the treadle pump and shows an averfget of $250. This is substantial for
households living on less than $2 a day. The egtidnacrease in income is 2.5 times as high
as the increase according to the IDE website. @rgliheast Squares estimation shows that
the effect of the treadle pump was not significani, this can be explained because the OLS
keeps other variables (like land size) constant.

The effect of the treadle pump on income is comsth by the accessibility of markets, the
availability of water and other variables not aauted for in this analysis. Finding ways to
address these constraints will improve the ovebalhefit from the treadle pump. The
accessibility of markets can be increased by dstaby farmergroups for increased
bargaining power. The availability of water canibereased by offering means for digging
wells. The problem of broken pumps can be addrebgeadcreasing the sense of ownership
of the treadle pump.

Welfare

OLS shows that the effect of the treadle pump dhassessed welfare is 0.17 points on a
scale from 1 to 4. PSM establishes the effect &b @oint, in two of the three matching
procedures. Interviews with adopting and non-adhgpkiouseholds confirm the result that the
treadle pump has a significant effect on the welfafrthe households that use the pump. IDE
aims to enable prosperity through increasing aditical productivity and measures this by
income. This chapter shows that the increased w@grmal productivity also has a direct
positive effect on welfare, not necessarily througtome. This can be because ownership of
the treadle pump increases the status of a houbebolbecause the increase in crop
production improves the food consumption of hous#hgboth through an increased
bargaining position and a more diversified and seéood production).

Discussion

The following sections give three points of dis¢oss These points influenced the results of
the thesis and allow the reader to judge the tmastiness of the conclusions. The discussion
points lead to some recommendations for furthezaie. These are presented in appendix E.

The PRISM dataset contains information on 900 Hooisls on an extensive amount of
subjects. This dataset offered the opportunitytiier analyses done in this thesis. The results
presented in this thesis give a good idea of thiabkes that play a role in the adoption of the
treadle pump and the effect of the treadle pumpnoome and self-assessed welfare. The
dataset was collected by many different enumeraidis resulted in inconsistencies in the
data. This limited the amount of variables suitdbleanalysis. One important variable that
was included in the survey, but proved unusable tasyear of acquisition of the different
technologies. Another was the accessibility of watgurces, which was not collected for
most of the non-adopters. These variables woule lh@en very beneficial for the analyses in
this thesis.
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This thesis uses Propensity Score Matching (PSMjie an unbiased effect of the treadle
pump. The effect is unbiased because the resulis afdopting household are compared to a
similar non-adopting household, based on pre-treatroharacteristics. The PSM is however
constraint by the data available in the datasetreMiata on pre-adoption characteristics
would have increased the possibilities to meadueeetfect of the treadle pump and would
have improved the PSM used in this thesis. Thenestid effect of the treadle pump would
probably have been larger than the $250 that abbshed now, with current data proxying
for the pre-treatment data.

This thesis focuses on the effect of the treadlmpwn income and welfare. The treadle
pump offers the opportunities to increase producty lifting the labor constraint. This
enables the cultivation of a larger area and tbyzrdduce more marketable crops. However
the treadle pump may not be the most productioreasing technology that is available to
smallholders; better seed and fertilizer will ailsgrove production. Other factors improving
production can be better education, empowermemtashen or access to credit. This thesis
focuses only on the effect of the treadle pump soche complementary factors without
intending to look at productivity as a whole.
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Glossary

Smallholders

Subsistence
production

Adopters
Dis-adopters

Welfare

Income

Irrigation method

Farmer group

Self-assessed welfare

Smallholders are farmers cultivating between 20asgumeters
and 2 ha of land. Smallholders can either be stdrsie farmers or
farmers producing for the market.

Subsistence production is production to feed the bausehold to
remain alive. IDE targets their projects at housghavho live
below the $2 a day poverty line. Most subsisterazenérs live
below this line.

Adopters are those households who use a treadlep piam
growing irrigated crops

Dis-adopters are those households who own a treaaig but are
not using it (these households are not part oatlapters).
Welfare is the outcome of the utility maximizatiomnder
restrictions. In this thesis welfare is measuredadbgl crop income
and self-assessed welfare.

Income is the revenue (the proceeds of sales) nimgosts of
variable inputs, like fertilizer and seed.

Irrigation methods can be: no irrigation, bucketigation,
irrigation with the treadle pump or irrigation with motorized
pump (an electric or diesel pump).

A group of farmers who want to achieve a mutuall geag.
market their produce or increase production) bynieg from
each other and facing the outside world in a ongyb®DE is
active in establishing local farmer groups, softlreners can learn
from each other and increase their bargaining power
Self-assessed welfare is the grade householdstgiteeir own
welfare. The self-assessed welfare is given inrabar between 1
and four; 1= unable to survive without help, 2=uggling to
survive, 3= ok, and 4 = doing well.
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Appendix A. Feedback methodology

A.1 Methodology

To ensure that the results of the data analysefihvib@uas close as possible to reality, constant
feedback was collected on the results. During its¢ fhonths, experts at IDE Zambia were
consulted. The structure of one of these intervieas be found in section A.2. Other
interviews were often more casual at the IDE offiadaere some of the results would be
given to the experts for them to comment. Four gspsere consulted at different stages of
the research; sometimes very adhoc, sometimesore structured way.

When most analyses were finished, the results wieeeked in the field among the farming
households. These semi-structured interviews welgkih 2 regions in Zambia. The structure
can be found in section A.2. The first area, wadlage about 20 km North of Lusaka. Two
households were interviewed here; one with and witkout a treadle pump. These two
households were randomly picked from a meeting ath@utreadle pump. The second region
was 40 km South of Lusaka, around the town of Kafdere another 6 households were
interviewed in three different ‘villages’. Two dfi¢se households did not have a pump; four
had adopted the treadle pump. The households wkretad by the field officer in Kafue. He
was repeatedly asked to pick the households withmaking any considerations. The answers
of the 8 households were all in line with each otal the results of the data analyses.

In the last months the results were presented gl@iworkshop at IDE. All 6 field officers
attended the presentation, as did two experts fidEhZambia and a visitor from IDE head
office and a consultant from the LEI. During thiegentation a lot of feedback was received
on the results from all parties present.

In the final stage before leaving IDE Zambia, tesults were presented to the experts at IDE
in a ‘working paper’. This was the final check tetdeedback on the results from the data
analyses and the interviews.

A.2 Semi-structured interview

The last three months | have been in Zambia to ktothe effect of the treadle pump on
households. | am from Wageningen University inNkéherlands. | would like to know what
you think of certain aspects of the treadle pumwilll be asking these questions to people
who use a treadle pump and people who do not useadle pump, as well as agricultural
experts. Please speak freely as these intervieevsiaonymous and you will help me a lot by
being honest.

Adoption of the treadle pump
1. a. Does interviewee own a treadle pump?
b. For treadle pump ownerssince which year?
c. How where you introduced to the treadle pump?
d. Have you seen any demonstration before youttidhg treadle pump?
e.For treadle pump ownerdiow did you pay for the treadle pump?
f. For treadle pump ownerdidave you finished paying for your treadle pump?
2. Does interviewee use a treadle pump?
3. Why do/don’t you have a treadle pump, while othergour village do/ do not?
4. a.For non-adoptersDo you use irrigation?
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b. How many years have you been irrigating widatie pump/ buckets?
c. Where did you learn to use irrigation?
d. For adopters:Have you had any training on how to use a treadheg?
5. a. How many hectares of land do you own?
b. How many hectares of land do you cultivate?
6. a. Does your household have any income from offifamployment?
b. Did the off-farm employment influence your pbggies to acquire a treadle pump?
Is your household female of mail headed?
a. Is your household member of any farmer group?
b. Did your membership/ the fact that you aremember of a farmergroup influence
your possibilities to acquire a treadle pump?
9. a. Which source of water do you use?
b. Did your water source influence your decisitmstart using / not use a T.P?
10. Are there any other factors that influenced youssitailities to acquire a treadle
pump?

© N

Income of Households

11.a. What crops do you grow?
b. For adopters:Which crops did you grow before you used the tregadimp?

12.Do you think that your household has a differenbme from crops than households
that do / do not use a treadle pump?

13.Do you think that your household has more oppotyuoi find off-farm income than
households who use/ do not use a treadle pump?

14.1s the standard of living of your household in gahdifferent then the standard of
living of households who use/ do not use a trepdlap?

Impact assessment of the treadle pump
Only for users of a treadle pump:
15.Do you eat different food products since you haeeted to use the treadle pump?
16.Have you been able to buy any household assetsidmgau started using the treadle
pump (e.g. radio, mobile phone)?
17.Have you had more opportunity to send your childoeschool since you have started
using the treadle pump?
18.Have you increased the amount of land you own sypcehave started using the
treadle pump?
19.Have you increased the amount of land you culti¥ate
20.Have you been able to buy any livestock becauseagquired the treadle pump?
21.Do you have savings or insurance that you did agetbefore using the treadle
pump?
22.Do you think that you have increased your welfameesyou started using the treadle
pump (resume answers to questions above)?

Village welfare
23.When did the first treadle pump arrive at youragk?
24.Have you noticed any difference in the welfarehaf village as a whole since then?
25.How many treadle pumps are working in your villampsv?
26.Do you think that the treadle pump changed theawelbf the households without
treadle pump?
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A.3 Expert interview

1.

2.

8.

9.

What is the budget of IDE Zambia and which parthig budget is spend on treadle pump
related activities?

How many households are using a treadle pump inb#How many pumps did IDE
distribute over the years?

| read the statement from IDE that the treadle pumpeased income with $100 a year; is
this household income of per capita income?

In the dataset there is a distinction between gizée land owned, size of the land with
deed and size of the rented land. In Kafue the dfmalds talked about traditional land.
What is the difference between these terminologies?

I've been to Katoeba and Kafue and saw two diffexeays in which the treadle pump
can work. What are the differences in charactesstf these areas? The difference |
noticed (but my sample was too small) was thatafuk they use the old-fashioned pump
that seems to be easier to maintain, the vegetaies is higher, the market can be
reached by bike and the people had all bought thainps with cash instead of with a
loan.

What do you think is the most important distinctisetween a household that has and a
household that has not adopted a treadle pump?rdéiogoto my analyses of the data the
households are different. Households are moreylitcehdopt if they are older, if there is a
higher rate of dependents in the household, if theyin the Southern province, if the
land the have deed on is larger, if they live in@R& project area, if they are male and if
they are member of a farmgroup. Do you think adwopts the result of the random choice
of households which were offered a treadle pumgh witcredit scheme, or are there
certain characteristics that play a role?

When | compared some characteristics of the adomtethe treadle pump with the not
irrigating households and bucket irrigators, itwhd that they cultivated a larger area of
irrigated crops, a larger area of rain-fed cropat their total production was higher and
that they thus got more income from crops. This wasfirmed in the interviews
However according to the literature irrigation slibalso increase the yield per cropping
cycle and increase the amount of cropping cycley@ar. | have seen no evidence of this;
what do you think?

Do you think it makes a difference to the effecttloé treadle pump on income if the
households bought it on credit or paid for the pumgash?

Do households that grow only rain-fed crops ever lget a treadle pump?

10.According to the dataset nearly 9% of the househaldo own a treadle pump are not

using it, but have gone back to buckets. Do yookthhis figure is representative? The
explanation for this dis-adoption according to msethat the pumps were broken and the
gain was too little for the households to be md&dao repair them; do you agree?
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Appendix B. Variable description

Std.
Variable  Description Values Obs Mean Dev.
Income Expected crop income for 2005 in $ Continuous 809 339.5 1203
method The most advanced irrigation methotl = none 896 2.35 0.79
used 2 = buckets
3 =treadle
4 = motor
bucket Household uses buckets for irrigation 0 =no 896 0.59 0.49
1=yes
treadle Household uses treadle pump for 0=no 8960.41 0.49
irrigation 1=yes
diesel Household uses diesel pump for 0=no 896 .04 0 0.20
irrigation 1=yes
electric Household uses electric pump for 0=no 968 0.01 0.12
irrigation 1=yes
hhage Age of the household head Continuous 896 646.913.04
hhage2 Age of the household head squared Continuous96 2374.6 1294.4
hhhedu0 Household head followed no or 0=no 896 210 041
lower primary education 1=yes
hhhedu4 Household head followed college or 0 =no 896 0.06 0.24
university education 1=yes
hhseduO Spouse followed no or lower primarQ = no 896 0.29 0.46
education 1=yes
hhsedu4 Spouse followed college or 0=no 896 0.020.15
university education 1=yes
exper Number of years a household has Continuous 96 8 15.41 10.29
farmed
htrain Whether household has received 0=no 896 230 042
training for crop production 1=yes
numhhme  Number of household members Continuous 8966.90 2.88
deprat Dependency ratio; the number of Percentage 896 38.84 2261
under 14 or above 65 on the total
number of hh members
central Household is located in Central 0=no 896 0.21 0.41
Province 1=yes
copperb Household is located in the 0=no 896 90.2 045
Copperbelt 1=yes
southern Household is located in the Southern n6 = 896 0.35 0.48
Province 1l=yes
sizeown Size of traditional land owned in ha Camndinns 896 7.74 15.30
sizedeed Size of private land owned in ha Contisuou 896 3.76 16.72
sizrent Size of the land rented in ha Continuous 6 89 0.13 0.96
well2000 Household was able to meet needs liy= no 894 0.19 0.39
own efforts and making some extrd = yes
to save or invest in 2000
0k2000 Household was able to meet needs 0 =no 894 0.44 0.50
but with nothing extra to save orl =yes
invest in 2000
strg2000  Household was able to meet needs liy= no 894 0.29 0.46

Depleting productive assets and/or 1 =yes

Min

-1706

20
400

Max

19,756

4

89
7921

55

20
100

139
200
20
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sometimes by receiving help

unab2000 Household was dependent on suppog = no 894 0.07 0.26 0 1
from community in 2000 1=yes
tom2005a  Area planted with tomatoes in 2005 Cootirs 777 0.10 0.19 0 15
cab2005a  Area planted with cabbage in 2005 @ontinuous 819 0.04 0.12 0 15
imp2005a  Area planted with impwa in 2005 in  Contins 879 0.02 0.09 0 1.2
rap2005a  Area planted with rape in 2005 in ha  Qoiotis 775 0.09 0.19 0 1
pap2005a  Area planted with paprika in 2005 in  @oius 888 0.01 0.05 0 0.5
gmz2005a Area planted with green maize Continuous 848 0.05 0.20 0 3
oni2005a  Area planted with onion in 2005 in Contins 868 0.02 0.08 0 1
mel2005a  Area planted with watermelon in Contirmiou 887 0.01 0.07 0 1.2
okr2005a  Area planted with okra in 2005 in ha  Qummius 884 0.01 0.06 0 0.75
projarea household is located in IDE area 0=no 8960.74 0.44 0 1
1=yes
hhsex Sex of the household head 0 =male 896 014350 O 1
1 =female
farmgr Whether household is member of a 0=no 8960.75 0.43 0 1
farmer group 1=yes
off-farm Most important source of income 0=no 188 0.13 0.34 0 1
between 2000 and 2003 was not crap = yes
production
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Appendix C. Multinomial logit

Table C.1 Marginal effects of adoption (t-valuebrackets)

No irrigation Buckets Treadle pump Motorized
pump
Management skills
Age 0.00 (0.72) -0.03 (-2.86)***  0.03 (2.73)*** -02 (-0.46)
Age2 -0.00 (-0.56) 0.00 (2.80)***  -0.00 (-0.67)***  0.00 (0.31)
No education head 0.00 (0.10) 0.04 (0.76) -0.0260 -0.02 (-1.12)
High education head 0.04 (1.02) -0.12 (-1.25) @aL29) 0.07 (1.27)
No education spouse -0.01 (-1.31) 0.01 (0.14) (0QtL7) 0.00 (0.04)
High education spouse 0.02 (0.49) 0.13 (0.85) -0-1.36) 0.03 (0.51)
Experience in years -0.00 (-0.79) -0.01 (-0.57) 1qm40) 0.01 (1.12)
Followed crop training -0.00 (-0.08) -0.00 (-0.05)  0.02 (0.47) -0.02 (-1.50)
Size of household -0.00 (-0.96) 0.01 (0.83) -0-0188) 0.00 (1.18)
Dependency rate -0.00 (-0.83) -0.02 (-1.70)* 0D36)* 0.00 (0.15)
Farm potential
Central Province -0.05 (-3.98)*** 0.02 (0.28) -0(a225) 0.05 (1.44)
Copperbelt 0.00 (0.32) 0.05 (0.82) -0.04 (-0.57) .020-1.19)
Southern Province -0.13 (-5.61)*** -0.05 (-0.79) 10.(2.82)*** 0.01 (0.34)
Size of traditional land -0.01 (-1.5) -0.01 (-0.83 0.01 (0.86) 0.01 (2.66)***
Size of private land -0.02 (-2.08)** 0.00 (0.14) 0D2.(1.80)* -0.00 (-0.33)
Size of rented land 0.06 (1.30) 0.28 (0.92) -0-474Q) 0.12 (2.61)***
Irrigation potential
Welfare high 2000 -0.00 (-0.39) -0.04 (-0.70) 0(0B3) 0.01 (0.46)
Welfare low 2000 -0.01 (-1.18) -0.15 (-3.39)***  B.13.40)*** 0.01 (0.54)
Welfare very low 2000 0.02 (0.76) 0.00 (0.00) -0(ar32) 0.00 (0.17)
Living in IDE area -0.12 (-3.78)***  -0.18 (-3.97)** 0.29 (7.33)*** 0.02 (1.27)
Risk
Household head sex 0.01 (0.75) 0.11 (1.91)* -0:1B6)* -0.02 (-1.01)
Membe -0.07 (-2.56)***  -0.12 (-2.40)** 0.18 (3.81)*** 0.0 (0.380

r farmer group
Off-farm income

0.03 (1.37)

-0.06 (-1.08)

-0.05.85)

0.09 (2.37)**

***Significantly at 1%
**Significantly at 5%
*Significantly at 10%
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Appendix D. Effect treadle pump

Table D.1 OLS estimates of income and self-assess#dre (with t-values)

Income Self-assessed welfare
in$ (1= unable to 4= well-off)

Irrigation method

Bucket 66 (0.41) -0.01 (-0.12)

Treadle 229 (1.63) 0.17 (2.51)***

Mechanic 1252 (1.69)* 0.25 (2.09)**
Management skills

Age -87 (-2.70)*** -0.12 (-4.55)***

No education head
High education head
No education spouse

High education spouse

Experience in years

Followed crop training

Size of household
Farm potential
Central Province
Copperbelt
Living in IDE area
Crops
Tomatoes in ha
Cabbage in ha
Impwa in ha
Rape in ha
Paprika in ha
Green maize in ha
Onion in ha
Melon in ha
Okra in ha
Risk
Household head sex

Member farmer group

Constant
R-squared

Number of observations

-97 (-1.02)
87 (0.39)
136 (1.04)
461 (0.83)
-8 (-0.23)
-75(-0.89)
101 (0.41)

152 (1.30)
152 (1.42)
130 (1.67)*

1027 (1.91)*
277 (0.71)
724 (-1.07)
-2 (-0.01)
-1092 (-0.65)
257 (0.98)
-587 (-0.71)
156 (0.22)
4585 (1.56)

-14 (-0.17)
-99 (-1.32)
231
0.19
643

-0.04 (-0.48)
0.17 (1.12)
0.06 (0.83)
0.30 (1.61)
0.03 (0.82)

0.03 (0.36)
0.06 (0.51)

0.46 (5.43)**
0.38 (5.18)***
0.10 (1.36)

-0.08 (-0.47)
0.43 (1.47)
0.18 (0.65)
0.01 (0.03)
1.37 (2.42)*
0.31 (2.69)**
0.66 (2.43)*
-0.20 (-0.40)
-0.75 (-1.44)

-0.13 (-1.43)
0.08 (1.04)
2.52
0.18
685

***Significantly at 1%
**Significantly at 5%
*Significantly at 10%

Table D.2 Number of observations per block (testorgpalancing proporty)

Inferior of block of pscore Treadle Total
0 1

0 58 1 59
A 72 13 85
2 130 61 191
4 157 179 336
.6 55 91 146
.8 2 7 9

Total 474 352 826
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Table D.3 PPS estimates for adoption of the trepdiep

PPS for adoption of the treadle pump

Management skills
Age
Age2
No education head
High education head
No education spouse
High education spouse
Experience in years
Size of household
Dependency rate
Farm potential
Central Province
Copperbelt
Size of traditional land
Size of private land
Size of rented land
Irrigation potential
Welfare high 2000
Welfare low 2000
Welfare very low 2000
Living in IDE area
Risk
Household head sex
Member farmer group

0.72 (2.73)***

-0.00 (-2.76)***
-0.06 (-0.50)
-0.03 (-0.13)
-0.06 (-0.52)
-0.47 (-1.28)
0.05 (0.84)
-0.11(-0.60)
0.05 (2.23)*

-0.32 (-2.45)**
-0.51 (-4.07)***
0.01 (1.56)
0.01 (1.89)*
0.09 (-1.11)

0.04 (0.31)
0.42 (3.76)
-0.05 (-0.25)
0.78 (6.53)**

-0.40 (-2.65)***

0.51 (4.16)***

Constant -2.91
R-squared 0.1216
***Significantly at 1%
**Significantly at 5%

*Significantly at 10%
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Appendix E. Further research

This appendix summarizes some issues that wereedptbut not further analyzed during the
field work and at the IDE main office. These issaesnot at all scientifically established, but
could be interesting for further research.

A. Ownership

A big constraint on the effect of the treadle puimphe large number of broken or faulty
pumps. There seem to be much more broken pumpsidrthian necessary. It would be
interesting to analyze this; why are there so mamoken pumps and what are the reasons that
the household does not repair them? A possible emsauld be that as long as the pump is
broken they have a reason not to repay their debélated issue here is the ownership; are
broken pumps more common amongst households tthawodirepay their pump.

B. Pumps

IDE is constantly trying to develop and import gbexaand more efficient pumps. The
modern pumps are lighter in use and can thereferaused by more family members.
However, during field trips all ‘first generatiorumps’ seemed to still be in use, while the
modern pumps were often broken. It could be the taat the older, less efficient, pumps are
more easily to maintain. It would be interestingdok at the technical features of the pump
and to link these to the outcomes of this research.

C. Field officers

Although this issue is far out of the field of thiesis, it would be very interesting to establish
the work load of the field officers. There are thi@eas in Zambia where two field officers
work. They perform all the executive tasks from thesaka office. They have to establish
farmergroups and demo-sites, and visit these grdapsund 20 groups per area) every
fortnight to give training. On top of this they lato guide the many visitors from the main
office and from oversees. These field-officers@aevided with motor bikes, a limited budget
for fuel and a laptop, but do not have access termet. In contrast the main office has 4
employees for monitoring and evaluation alone. duld be very interesting to look into the
task description of IDE Zambia. Very likely the Wwawvould benefit greatly from more field
officers and a higher budget for these officers.

D. Credit

This research did not focus on credit. Howeversitan intrinsic part of distributing any
technology and could not be left out the analyBisogether. Although credit is an important
issue, it does not seem to be clear what diffesehemes have been used by IDE in the last
ten years. This is a complicated issue as manylt ofdke credit schemes were not given by
IDE, but by a partner. It would be very interestioginventory these different schemes and
try to find out which ones were and which ones wasesuccessful (e.g. rate of repayment).
The general feeling is they all failed, but theresmbe differences between the different
schemes. This information is interesting for theife schemes that are now being developed
as it takes into account the typical situation afibia and the typical aspects of the treadle

pump..
E. Motorized pump

This aspect was mentioned by the Country DirectdD& Zambia; more knowledge needs to
be collected on users of motorized pumps. The PRi&Mset lacked the variables to do this,
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but further research could focus on the ownersabnzed pumps. It would be interesting to
see how many of hem used to have a treadle pung.tifare possibilities to grow from
treadle pump to motorized pump? According to tlatadet the users of a motorized pump do
not irrigate a larger area than the users of alkeepump, but they do have a much higher
income. Is this due to a higher yield, or are theseseholds in a better bargaining position
for instance.

F. Data collection
In a future survey for monitoring and evaluatioa fhllowing variables should be included.

1.

ouhwn

0 ~

Total revenue or income from other sources thaicature; off-farm and non-farm
activities.

Consumption and household-assets to proxy for weelfa

Distance to asphalt/ gravel road.

Kind of treadle pump (e.g. first pump, plastic pgmp

Number of cropping cycles.

Source of water also for those households not usiiggition + the technical attributes
(e.g. depth of well and months of water availaypjlit

. Reason why owners of a treadle pump do not use gheip.

If the credit was the means to buy the pump; the qggaid or how long it took to
repay.
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