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Abstract 
Despite great potential, Kenyan smallholder dairying faces diminishing land 
sizes, high input costs, poor extension contacts, non-responsive price policies, 
and new pests and diseases. Climate change will worsen the situation. This 
study sought to assess smallholder dairy farmers’ climate change adaptation 
level in Southwestern Kenya. Adopting Concurrent Fixed Mixed Methods, 
primary and secondary data was collected. Reports and papers were reviewed 
for temperature and precipitation data, dairy population, production trends, 
and farmers’ socio-demographics. A survey questionnaire for climate changes 
and farmers’ adaptiveness was administered to 367 smallholder dairy house-
hold heads with 10 years’ experience, obtained by multi-stage sampling from 
4 sub-counties. Key informant interviews (KIIs) and focus group discussions 
(FGDs) were conducted with farmer groups, heads of research, government 
departments and livestock farms; and the old that were obtained purposively 
based on dairying experience. Percentages were used for climate change effect 
on smallholder dairying and farmers’ adaptation. Principal component analy-
sis was used for factors with great influence on respondents’ climate change 
adaptiveness; while one proportion Z-score test was used for significant dif-
ferences between adapters and non-adapters (p < 0.05). Flexible and syste-
matic Framework Approach was used for qualitative data analysis by cases 
and 5 themes. Findings indicated that despite Migori County’s great dairying 
potential, climate changes have partly hindered full exploitation. Tempera-
tures and rainfall increased slightly in 30 years; with feeds and water dimi-
nishing, and resistant diseases and parasites emerging. Upon ranking, pasture 
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loss (42.2%); over-grazing (41.1%); cattle under-feeding (39.5%); and in-
creasing cattle diseases and pests (61.0%) had high impact; while drying water 
sources (37.1%) had moderate effect. Farmers’ adaptiveness included mixed 
farming (96.5%); non-intensive dairying (95.1%); establishing own fodder 
(92.4%); rearing crossbred dairy cattle (87.7%); reducing dairy herd size to 2 
(92.9%); relying mainly on household labour (94.6%); and maintaining a 
10-year increasing trend in milk-income (68.4%). Z-scores indicated signifi-
cant differences between adapters and non-adopters (p < 0.05). Civil societies, 
academic and research institutions should intensify farmer advisory services 
to complement government extension.  
 

Keywords 
Southwestern Kenya, Smallholder Dairy Farmers, Adaptive Strategies,  
Climate Change 

 

1. Introduction 

In Kenya, 75% - 90% of the domestic milk comes from the smallholder dairy 
sector [1]. Smallholder dairy farming in Kenya, as in most developing countries, 
is practiced alongside crop production on the same farm and contributes directly 
and indirectly to increased livestock population and farm productivity, income 
generation from milk and dairy product sales, job opportunities, and the transfer 
of money from urban to peri-urban and rural areas [2]. Yet, most of the small-
holder dairy farmers in Kenya live in marginal areas, where land sizes are in-
creasingly diminishing, costs of agro-inputs are ever-increasing, and illiteracy 
and poverty force the farmers to adopt poor and archaic production methods 
that only lead to low yields. There is also limited extension services, which, to-
gether with non-responsive government price regulatory policies, emergence of 
resistant strains of pests and diseases, and pre-and post-harvest losses, lead to 
low financial returns on production [3]. It is for this matter that FAO recognizes 
“smallholder farmers” on the basis of their limited resource endowments relative 
to other farmers in the sector, and that the definition differs between countries 
and between agro-ecological zones [4]. 

A global trend observed in most of the marginal areas in recent decades has 
been a significant fall in food production, against an increasing demand for food 
due to high levels of population growth [5]. Global warming and the associated 
climate change is, therefore, expected to exacerbate the challenges smallholder 
dairy farmers in Kenya face, as it would lead to more crop failure and famine, 
with many plant and animal species having problems adapting [3]. Experts have 
predicted that over time, the situation will get worse [6] [7].  

Thus, unless the Government and key stakeholders work together to support 
the Kenyan smallholder dairy farmer to adapt to effects of climate change, huge 
losses in terms of food production, household income and the gross domestic 
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product would occur. The situation would most likely, push a number of the 
smallholder dairy farmers out of business; with the net result being that milk 
demand would greatly outweigh its production. It is in this regard that it would 
be important to understand how well adapted the Kenyan smallholder dairy 
farmer is to continue in business and even increase milk production in the ad-
vent of climate change; identify gaps and suggest measures that would help im-
prove their adaptation to climate change effects. Therefore, this study aims to 
establish the climate changes that have taken place in Migori County over the 
past 30 years, the effects of the changes, how farmers adapt to the changes and 
the level of adaptation of the smallholder dairy farmers. 

2. Materials and Methods 
2.1. Study Site 

The study was conducted in Migori County, which is located in the Southwes-
tern Kenya between latitude 0˚24'South and 0˚40'South and Longitude 34˚East 
and 34˚50'East. The County covers an area of 2596.5 km2 including approx-
imately 478 km2 of water surface. The County comprises eight (8) sub-counties, 
namely: Rongo, Awendo, Uriri, Suna East, Suna West, Nyatike, Kuria West, and 
Kuria East. Four sub-counties namely Rongo, Awendo, Uriri, and Kuria West 
were selected for the study because they present a fairly homogenous climate, 
which also make them the dairy belt of the County. Within the four sub-counties, 
the study was confined to LM3, except in Rongo, where it was undertaken in 
UM2. 

Migori County has an inland equatorial climate modified by the effects of al-
titude, relief and the influence of the large body of water of Lake Victoria. Rain-
fall is generally continuous with little distinction between first and second rains. 
Annual rainfall averages between 700 mm and 1800 mm [8]. The first peak sea-
son comes over the months of March to May, and is reminiscent of the long 
rainy season; while the second peak season that is reminiscent of the short rains 
comes over the period of September-November. The two peaks are separated by 
a three month period each, of June-August and December-February; when there 
is rainfall, but the amounts are low compared to the rest of the months. On av-
erage February is generally considered the driest month, while April is the wet-
test month. Temperatures show mean minimum of 24˚C and maximum of 31˚C, 
with high humidity and a potential evaporation of 1800 mm to 2000 mm per 
year.  

As in most parts of Kenya, the amounts of precipitation received in Migori 
County over the short rainy seasons has been on the increase, sometimes even 
being more reliable, well distributed and higher in amounts and spread (spatial 
and temporal) compared to the long rainy seasons [9]. This implies that the ma-
jor issue around Migori County is coping with increased amounts of precipita-
tion and higher temperatures. The result could be disappearance of some crop 
and livestock species; reduced forage amounts and variability for livestock; and 

https://doi.org/10.4236/acs.2019.93031


C. O. Odhiambo et al. 
 

 

DOI: 10.4236/acs.2019.93031 459 Atmospheric and Climate Sciences 
 

emergence of new species and strains of crop and livestock diseases and pests 
that may prove difficult to manage. Overall, there would be reduced returns 
from livestock rearing; and, difficulties in getting the right cultivars and livestock 
breeds that would adapt to that kind of climate and remain in production under 
such harsh conditions. 

In the four sub-counties of study, smallholder dairying is more prominent in 
Rongo, Awendo, Uriri and Kuria West, in that order. Although Kuria East and 
West present favourable climate for dairying, cattle rustling has remained a great 
impediment to the development of the dairy industry therein [10].  

With a human population of 917,170 people (2009 Census), and each person 
requiring 1 cup (or 300 ml) of milk daily [11]; Migori County is generally a milk 
deficit county, having to subsidize its milk production with imports from 
neighbouring counties, such as Kisii, Nyamira, and Bomet, as processed milk 
that is retailing in most outlets within the county. 

The study was conducted among smallholder dairy farmers whose average 
land holding size is 3 acres, practice mixed crop and dairy farming, and have 
been in dairying for at least 10 years. Milk from the industry is consumed within 
the household, while some of it is sold locally for income. Whereas a number of 
the smallholder dairy farmers make significant investments in the dairy industry 
to improve production and income, several others largely practice semi-intensive 
dairying (keeping dairy cattle in stalls, mainly during the night and milking 
times, while tethering them the rest of the time). Characteristically the small-
holder dairy farmers of the study area keep cross-bred cattle, and depend largely 
on fodder from own farm, while a few lease land for fodder production or buy it 
from neighbours. Most of the smallholders depend on water from the rivers, 
such as Kuja, Migori, Riana, Ongoche, and Sare. While some have sunk shallow 
wells for watering the dairy cattle and for domestic use, others supplement with 
rain water harvesting (mainly in the form of roof catchment).  

2.2. Study Population and Sampling 

The population of the four sub-counties was estimated to be 608,372 persons as 
of 2012 (based on 2009 Census), with an average household size of 5 and a dairy 
population of 7081. Of this population, 2528 were smallholder dairy farmers; 
from whom a representative sample of 367 households was drawn for the study. 
This sample was based on formula by Yamanne [12] for determining sample 
sizes for population less than 10,000 as presented in the following equation: 

( )21
Nn

N e
=

+
 

where: 
n = the desired sample size (for target populations less than 10,000); 
N = the population size; 
e = the level of precision or statistical significance set. 
Therefore, given that the population of smallholder dairy farmers in the se-
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lected agro-ecological zones (UM2 and LM3) of study within Migori County was 
2528, for measurement at p < 0.05, the desired sample size was: 

( )2

2528 345.355
1 2528 0.05

n = =
+

 (≈345 smallholder dairy farmers) 

Considering an additional 10% for non-respondents (i.e. ≈35), the desired 
sample size for this study was 380 smallholder dairy farmers. 

Due to difficulties in covering all the sampled households in parts of Kuria 
West, largely as a result of insecurity, the study was conducted among 367 small-
holder dairy farmer households distributed among the four sub-counties as shown 
in Table 1.  

Multi-stage sampling was used to obtain the sample. First, a visit was made to 
the sub-county livestock offices, from which a listing of all smallholder dairy 
farmers in each of the wards was obtained. Then, proportions of farmers in each 
of the wards were determined based on the populations listed. The same were 
used to distribute the required sample size (367) within each of the wards.  

Within each ward, the number of villages where smallholder dairying was be-
ing practiced was determined and proportionate sampling was again used to as-
sign the number of farmers per village. Within each village, simple random sam-
pling was used to pick households for inclusion into the study. 

On the other hand, for qualitative study, participants were identified and 
picked by purposive sampling, based on their role and level of involvement in 
smallholder dairying and meteorology. 

2.3. Data Collection Methods 

Both primary and secondary data were collected. Secondary data was obtained 
by review of reports and documents and from literature obtained from the in-
ternet and from government offices, research stations (KALRO and Meteoro-
logical Department) using a data checklist. The data collected included dairy 
population of the four sub-counties of study as well as socio-demographic and 
dairy production profiles of smallholder farmers within the study area. Other 
secondary data collected included temperature and precipitation data, as well as 
trends in milk production, demand and sales in the four sub-counties of study. 
 
Table 1. Sample size for the study. 

Sub-County 
Number of Smallholder  

Dairy Farmers 
Desired Sample Size Actual Sample Size 

Rongo 1480 222 232 

Awendo 88 13 13 

Uriri 510 77 77 

Kuria West 450 68 45 

Total 2528 380 367 
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Primary data collection included both quantitative and qualitative data. A 
structured household survey questionnaire was used to obtain primary quantita-
tive data from heads of smallholder dairy households with at least 10 years’ ex-
perience in dairying. The questionnaire solicited data on smallholder dairy far-
mers’ adaptive strategies to climate change effects. On the other hand, key in-
formant interview (KII) and focus group discussion (FGD) guides were used to 
collect primary qualitative data from individuals and groups perceived to be ex-
perts and opinion leaders on climate change.  

Key informants included heads of key government parastatals and depart-
ments (of meteorology, environment, livestock production, cooperatives, and 
key government livestock production farms), leadership of a dairy cooperative 
society and dairy farmer groups, and climate change livestock research experts 
from Kenya Agriculture and Livestock Research Organization (KALRO)-Kisii 
Station. 

Focus group discussions were conducted with elders (men and women) aged 
over 60 drawn from Kuria and Luo communities in Migori County; members of 
Rongo Dairy Farmers’ Cooperative Society, and select dairy farmer groups in 
Migori County.  

The proceedings of KIIs and FGDs were recorded using a digital recorder and 
transcribed verbatim after listening to the recordings several times. A research 
note book was only used to note cues for reference. 

In addition, Non-participant Observation was used to collect additional in-
formation for the study. An observation guide was prepared and used to facili-
tate the recording of information. The information was collected using a camera, 
recorder, and by note-taking. Visits were made to the smallholder dairy farmers’ 
households and homesteads, and dairy cooperative societies to record their ac-
tivities that may be useful in providing further insights into the matter under 
investigation. This was complimented by transect walks over the sub-counties to 
provide an overview of the smallholder dairy industry in Migori County. Photo-
graphs of live events were taken during the study; including the enumeration 
process, focus group discussions, farm activities undertaken by smallholder dairy 
farmers, and evidence of climate change in the study communities, including 
land degradation and formation of gullies. 

2.4. Data Collection 

Data collected using the household survey questionnaire included the respon-
dents’ adaptive strategies to climate change effects. The questionnaire sought to 
establish the problems the smallholder dairy farmers faced in trying to adapt to 
climate changes, and whether the identified climate change effects had high, me-
dium or low effect. Multiple responses were allowed. It also sought to under-
stand the respondents’ adaptive strategies to climate change effects, which was 
defined by: 

1) The farming type adopted (whether mixed dairy and crop or pure dairy 
farming);  
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2) The production method employed (whether intensive or non-intensive);  
3) The major source of fodder (whether own or purchased); 
4) The type of breeds kept (whether pure or non-pure);  
5) Dairy breeds kept (whether Friesian and its crosses, or Non-Friesians and 

their crosses);  
6) The number of dairy cattle kept (Whether 2 and above, or not);  
7) The main source of farm labour (whether household or non-household); 

and  
8) The observed trend in income from dairying (whether increasing or de-

creasing trend from milk sales).  
Further, the questionnaire sought to understand the smallholder dairy far-

mers’ reasons for adopting these adaptation strategies and their level of satisfac-
tion with farm labour and observed trend in monthly income from sale of milk 
from dairy cattle. 

KII and FGD guides collected personal information about the individual and 
group respondents. The guides sought to establish respondents’ perceptions on 
changes in temperature and precipitation as a measure of climate changes taking 
place in Migori County over the past 15 years. It also sought to understand the 
impact of the changes on smallholder dairy industry in the study area; how the 
smallholder dairy farmers of the study area were trying to cope with them; and 
the challenges they were facing as they tried to adapt.  

2.5. Data Transcription and Analysis 

Quantitative data obtained from the survey was organized into percentages to 
show the effects of climate changes on smallholder dairying and the adaptive 
strategies employed by study respondents to climate change effects. The data was 
then subjected to a principal component analysis (PCA), where 8 factors were 
identified to have the potential of influencing smallholder dairy farmers’ adapta-
tion to climate change effects (i.e. mixed farming, non-intensive production sys-
tem, own fodder, non-pure breed of dairy cattle, non-Friesians and their crosses, 
2 dairy cattle and above, household is main source of labour, and increasing 
trend in income from dairying). The first three factors that had the highest pro-
portionate influence, based on the Eigen values were then determined. Finally, 
one proportion Z-score test for proportions was used to test for significant dif-
ference between the means of the climate change adaptation measures and the 
presumed mean (assuming that 50% of respondents would adapt and the other 
50% would not), so as to confirm if the differences were significant (p < 0.05) as 
per the equation below: 

i
iZ

s
χ χ−

=  

where; 
Zi = Z-score for an attribute i; 
χi = observed mean for an attribute i; 
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χ = sample mean; 
ѕ = sample standard deviation. 
Qualitative data (KIIs and FGDs) was first transcribed from the voice record-

ings into word. The word version was then entered into an excel spread sheet 
and analysed using the Framework Approach. This approach is used to organize 
and manage data by summarization, resulting in a robust and flexible matrix 
output, which allows for analyzing data both by case and themes. In the analysis, 
data is sifted, charted and sorted in accordance with key issues and research 
themes using five steps: familiarization; identifying a thematic framework; in-
dexing; charting; and mapping and interpretation. 

3. Results  
3.1. Findings from Desktop Review/Secondary Data 

Table 2 presents a summary of the dairy population of Migori County by 
sub-county.  

Records from the four sub-counties of study indicate that Migori County has a 
great potential in terms of dairy production and earnings from the same. Table 3 
gives a summary of this, based on 2012 Annual Reports from the four sub-counties 
of Rongo, Awendo, Uriri, and Kuria West. 
 

Table 2. Dairy population of Migori County-Kenya. 

Sub-County 
Dairy Population 

Dairy Cattle Dairy Goats 

Migori (Suna West & East) 2569 160 

Uriri 1941 1333 

Awendo 667 929 

Rongo 3765 1194 

Nyatike 780 180 

Kuria West 1199 153 

Kuria East 659 84 

Total 11,580 4033 

Source: GoK, 2013b. Adapted from Migori County ASDSP Revised Livestock Development Plan, 2013. 

 
Table 3. Summary of demographics and dairy production in selected sub-counties of Migori. 

Sub-County 
Area 

(Km2) 
Human Population 

(2009) 
Farm 

Families 
Av. 

Family Size 
Dairy Population 

(2012) 
Milk Production 
in Litres (2012) 

Earnings from Milk 
Sales in Kshs. (2012) 

Rongo 208.5 209,460 23,063 5 3274 11,587,625 463,505,000 

Awendo 264 108,908 24,000 6 667 3,360,000 120,267,800 

Uriri 380.7 115,751 23,150 5 1941 2,427,790 145,667,400 

Kuria West 390 174,253 21,243 6 1199 9,066,228 362,649,120 

Total 1243.2 608,372 91,456 5 7081 26,441,643 1,092,089,320 

Source: Adapted from GoK, 2012a-e. District Livestock Production Department Annual Reports (2012) for Rongo, Awendo, Uriri, Migori and Kuria West 
sub-counties. 
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Moreover, secondary data indicates that the entire County has a milk deficit, 
with Rongo sub-county producing only about 11.59 Million litres in 2012, while 
the demand stood at 30 Million litres; making Rongo Dairy Cooperative Society 
operate below its capacity. The sub-county had to meet the deficit of 18.41 Mil-
lion litres by importing packed milk from New KCC and Brookside Dairies. Raw 
milk from neighbouring sub-counties and counties also find its way into the 
sub-county. A litre of milk is sold at Kshs. 40 on average in the sub-county in 
2012 [13]. 

In 2012, most of the milk in Awendo sub-county was produced from zebu cat-
tle, with dairy population expected to improve following the efforts by Pan Afri-
can Tsetse and Trypanosomiasis Eradication Campaign (PATTEC)-Kenya that 
begun to give dairy cattle to dairy farmer groups within the sub-county [14]. In 
2012, the milk requirement for Uriri sub-county stood at approximately 10.6 
Million litres; with only 2.4 Million litres being produced within the county. This 
left a deficit of 8.2 Million litres, forcing the sub-county to import milk from the 
neighbouring sub-counties; with a litre of raw milk retailing at Kshs. 40 - 60. 
Thus, a great opportunity exists to promote the dairy industry in the sub-county 
to create a source of livelihood and income for the populace, thereby making a 
contribution to the country’s GDP. Nevertheless, challenges, including preva-
lence of tick-borne diseases and prevalence of tsetse flies (which could be ex-
acerbated by effects of climate change); as well as lack of quality breeding stock 
and long calving intervals, have to be tackled effectively if this is to be realized 
[15]. 

With a human population of 191,248 people (2009 Census), and each person 
requiring 300 ml of milk daily; Migori sub-county has an annual milk require-
ment of 20,941,656 litres. Yet, in 2012, the annual milk production for the 
sub-county stood at 1,528,901.4 litres; giving a deficit of about 19,412,754.6 li-
tres. Most of the milk consumed in the sub-county comes from the neighbouring 
sub-counties, as well as from processing companies; with a litre of raw milk re-
tailing at Kshs. 50 [16]. Key challenges to developing the dairy sector in the 
sub-county include high cost of purchasing quality breeding stock, supplemen-
tary feeds, A.I., and veterinary drugs; inadequate farmer extension and advisory 
services, limited supplies of reliable quality dairy inputs by local stockists, li-
mited access to financial services, and limited land for raising own feeds and 
fodder due to excessive land sub-division.  

According to Kuria West sub-county Department of Livestock Production 
Annual Report (2012), the dairy sector is not well developed in the sub-county. 
Major challenges identified included: long distance to the nearest sources of 
quality breeding stock, high start-up capital for the dairy enterprises, cattle 
rustling, ignorance from local community, which also shuns labour-intensive 
activities, negative cultural beliefs and attitudes, high cost of A.I. service, and 
few bull schemes within the sub-county. The most serious threat to the growth 
of the sector, however, remains theft of dairy cattle [17]. Generally, most of the 
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dairy breeding stocks within the county come from Nakuru, Kisii, Nyamira, Kericho, 
and Uashin Gishu counties. Some are sourced internally, from one sub-county to 
another, e.g. from Rongo to Uriri, Awendo, Migori, and Kuria West sub-counties 
[17]. 

3.2. Evidence of Climate Changes and Their Impact 

Figure 1 presents temperature data from the study area for 35 years 
(1982-2015).  

Figure 1 shows that generally there has been an increase of at least 1˚C in 
minimum temperature of the study area between 1982 and 2015. The same trend 
seems to be registered in terms of average temperature. As for maximum tem-
perature, the figure shows that this has increased slightly from 28.2˚C in 1982 to 
28.5˚C in 2015, although higher increases were experienced in-between.  

Figure 2 shows that the mean annual rainfall (mm) received in Migori County 
fluctuated over the period 1980-2013, but have generally shown a slight incre-
ment over the period. 

Secondary data obtained from Lake Victoria Observing System (LVOS) fur-
ther indicate that rainfall amounts have been steadily increasing in the region of 
Migori since 1980s to-date. This has resulted into floods along the flood basins 
of Rivers Migori and Kuja. Consequently, hundreds of local residents, especially  
 

 
Figure 1. Temperature variations for Migori County (1982-2015). 
 

 
Figure 2. Changes in rainfall for Migori County (1980-2013). 
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within Nyatike Sub-county, have been displaced almost annually over the long 
rainy seasons since the year 2000. 

LVOS, a local CBO based in Rapogi in Uriri sub-county of Migori County re-
ported on rainfall data collected for 15 years (1980-1994) from Rapogi D.O.’s 
Office, Awendo Sony Sugar Factory, and Kisii’s KALRO Weather Station. The 
emerging rainfall pattern is that of rainfall throughout the year, with two peaks 
from March to May and August to November. Further, the pattern indicates that 
the area has not suffered from any serious drought, apart from rainfall distor-
tions [18]. 

What is emerging in Migori County, as in most parts of Kenya; is that the 
amounts of precipitation received over what has been traditionally known as 
short rainy seasons has been on the increase, sometimes even proving to be more 
reliable, well distributed and higher in amounts and spread (spatial and tempor-
al) compared to the long rainy seasons [9]. 

This implies that the major issue around Migori County is coping with in-
creased amounts of precipitation and higher temperatures. These could lead to 
disappearance of some crop and livestock species, hence; reduced forage 
amounts and variability for livestock. Besides, there is a likelihood of emergence 
of new strains of crop and livestock diseases and pests that may be difficult to 
manage. This would ultimately lead to reduced returns on investment from li-
vestock rearing. There would also be the challenge of getting the right cultivars 
and livestock breeds that would adapt to that kind of climate and remain in 
production under such harsh conditions. 

The study established from discussion with elders (over 60 years of age) that 
both day and night temperatures used to be colder in the 1960s and 1970s than 
today. The elders put the blame on increasing human settlement and farming 
activities, which have seen more trees cut down. The reduction in tree cover has 
seen a remarkable increase in day and night temperatures, which has meant that 
during the day, people would rarely cover themselves with heavy jackets like be-
fore. Likewise, in the night, people would rarely cover themselves with heavy 
blankets, like Raymond’s that was popular in those days. The increase has been 
very steady and presenting a direct proportionality with time, more so since the 
year 2000. Interview with Migori County Director for Meteorological Services 
confirmed that temperatures have been steadily increasing with time, with a 
global increase of 0.3˚C being registered. 

The study further established from focus group discussants that increases in 
temperature have largely contributed to changes in rainfall patterns, hence; cli-
mate change. This is because the main driver of seasons is solar energy, such that 
with climate change there is differential heating of the water bodies and the earth 
surface. Through the water bodies we get water vapour, hence; there is a rela-
tionship between temperature and climate change. 

Engagements with focus group discussants, both elders and dairy farmer 
groups, indicated that the total amount of rainfall has more or less remained 
constant, comparing the 60’s and today. What have changed are the distribution 
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and the rainfall patterns. Rainfall in those days used to have distinct seasons-long 
rains and short rains, with long rains coming from January to May; while short 
rains would be experienced between September and November. Today, long 
rains are experienced between March and May, while short rains come between 
October and December. These findings were further corroborated by the County 
Director of Meteorological Services. 

Long rains were generally higher in amounts compared to short rains, and 
would rain for 2 - 3 hours in the morning, and another 2 - 3 hours in the after-
noon and/or the night; while short rains would generally come mainly in the 
afternoon. Today, onset of the rainy seasons is not very predictable, just like the 
duration and amounts. Sometimes, long rains delay and begin as late as May, 
and end in a month or so time; with the amount received in a period of three 
weeks being almost equal to what would in the early days be received in 3 
months’ time. Sometimes, the long rains would continue, with another season 
bridging between the long and short rainy seasons, such that rainfall would 
somehow be continuous throughout the year. A remarkable change is that 
sometimes more rain is received during the short rainy season than the long 
rainy season.  

Today, unlike in the days of 60’s and 70’s, rainfall distribution (temporal and 
spatial) is also very erratic, although the intensity has generally been increasing. 
Rainfall amounts vary from area to area, creating micro-climatic differences 
within the County and even within individual sub-counties, although an in-
creasing trend has been noted. 

These changes both in temperature and rainfall patterns have their direct 
and/or indirect effects on smallholder dairy farming. The study sought to under-
stand the climate change effects experienced by smallholder dairy farmers in 
Migori County-Kenya, and to establish the adaptive strategies adopted by far-
mers in response to the same. Table 4 presents the findings. 

The study established that climate changes have moderate to high effects on 
the performance of the smallholder dairy industry within the County. The sur-
vey established that climate changes with high effects experienced by smallhold-
er dairy farmers in Migori County include: increase in diseases and pests (61.0%; 
n = 367); pasture loss (42.2%; n = 367); over grazing of land (41.1%; n = 367); 
and under feeding of livestock (39.5%; n = 367). Those with moderate effect in-
clude: increased labour demand (42.2%; n = 367); poor quality products (41.1%; 
n = 367); reduced milk production (38.7%; n = 367); drying of nearest water 
sources (37.1%; n = 367); water scarcity (36.8%; n = 367); and loss of livestock 
(35.1%; n = 367). 

3.3. Smallholder Dairy Farmers’ Adaptive Strategies to Climate  
Change Effects 

The study further sought to establish the adaptive strategies the smallholder 
dairy farmers employed in order to cope with the climate change effects. Find-
ings are presented in Figure 1 that shows the extent to which each of the eight  
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Table 4. Climate change effects on smallholder dairy farming in Migori County (n = 
367). 

Climate Change Effect 
No Effect Low Effect Moderate Effect High Effect 

No. % No. % No. % No. % 

Pasture loss 35 9.5 95 25.9 82 22.3 155 42.2 

Drying of nearest water sources 32 8.7 97 26.4 `136 37.1 102 27.8 

Loss of livestock 86 23.4 81 22.1 129 35.1 71 19.3 

Under feeding of livestock 15 4.1 82 22.3 125 34.1 145 39.5 

Increases in diseases and pests 6 1.6 42 11.4 95 25.9 224 61.0 

Selling of livestock  
at throw away prices 

107 29.2 62 16.9 114 31.1 84 22.9 

Long walk in search  
of water and pasture 

101 27.5 120 32.7 123 33.5 23 6.3 

Over grazing of land 18 4.9 85 23.2 113 30.8 151 41.1 

Poor market for the livestock 
products due to poor quality 

18 4.9 74 20.2 151 41.1 124 33.8 

More human labour required 20 5.4 56 15.3 155 42.2 136 37.1 

Increase in  
livestock-human-wildlife conflict 

69 18.8 101 27.7 118 32.2 79 21.5 

Reduced milk production 36 9.8 107 29.2 142 38.7 82 22.3 

Water scarcity 43 11.7 59 16.1 135 36.8 130 35.4 

 
parameters for measuring adaptation to climate change was adopted by the 
study farmers. Multiple responses were accepted.  

From Figure 3, it is evident that the smallholder dairy farmers of Migori 
County are highly adapted to climate change effects; with 68.4% to 96.5% of 
them adopting various strategies in response to climate change effects. Majority 
(96.5%; n = 367) of the smallholder dairy farmers practice mixed crop and dairy 
farming as an adaptive strategy to climate change effects, with 95.1% (n = 367) 
adopting non-intensive production methods that largely involve integration of 
zero-grazing with tethering of the cattle, and sometimes free range grazing in 
enclosed fields without mixing the cattle with other livestock. Majority (92.4%) 
of the study respondents (n = 367) indicated that they depended on fodder from 
their own farms; with 87.7% (n = 367) rearing non-pure breeds of dairy cattle 
that are mainly crosses of Ayrshires, with some Guernseys and/or Jerseys. Ma-
jority (92.9%) of the study respondents (n = 367) keep at least 2 dairy cattle or 
their crosses, with household members providing the main source of labour for 
94.6% of the study respondents (n = 367). Slightly over half (68.4%) of the study 
respondents (n = 367) registered an increase in income from milk sales over the 
past 10 years. 

The study established that a comparatively low number of farmers registered 
increases in income from milk sales over the past 10 years. This is a pointer to 
tough economic times making consumers change feeding patterns, hence; low  
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Figure 3. Distribution of respondents by climate change adaptive strategies employed (n 
= 367; multiple responses accepted). MF: Mixed Farming; NI-P: Non intensive produc-
tion; OF: Own Fodder; NP-B: Non Pure Breeds if dairy cattle; NF&C: Non Friesian 
breeds and their Crosses; 2DC & A: 2 Dairy Cattle and Above (i.e. at least 2 dairy cattle); 
HL: Household Labour; IC-D: Increasing trend in household Income from Dairying. 
 
milk demand; and high cost of inputs (notably feeds and treatment for diseases 
and parasites). 

3.3.1. Principal Component Analysis (PCA) 
Eigen values and the respective proportions accounted for by the various adap-
tive factors from Principal Component Analysis (PCA) are presented in Table 5. 
The factors included Mixed Farming (Factor 1); Non-intensive production sys-
tem (Factor 2); Own fodder (Factor 3); Non pure breed of dairy cattle (Factor 4); 
Non Friesians and their crosses (Factor 5); 2 dairy cattle and above (Factor 6); 
Household is main source of labour (Factor 7); and Increasing trend in income 
from dairying (Factor 8).  

Table 5 presents the findings.  
From Table 5, three (3) factors, Mixed farming (Factor 1), Non intensive 

production system (Factor 2) and Own fodder (Factor 3) are great determi-
nants of adaptability of smallholder dairy farmers to climate change (having high-
est Eigen values). Thus, smallholder dairy farmers who practice mixed farming, 
non-intensive production system, and have established own source of fodder for 
feeding the cattle are better adapted to climate change effects than their coun-
terparts who have not.  

A Factor Loading Matrix was used to determine the uniqueness of the combi-
nation of the various sets of adaptive strategies employed by smallholder dairy 
farmers. Results are presented in Table 6.  

Table 6 indicates that Non intensive production system (Factor 2) was the 
highest predictor for choice of farming type adopted by the study respondents, 
as well as decision to establish own-farm fodder for the dairy cattle. Similarly, 
Mixed farming (Factor 1) was the highest predictor of production system em-
ployed, the breed of dairy cattle kept, and a decision to rear breeds of cattle that 
are highly adapted to the environment by the study respondents. Own fodder  
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Table 5. Eigen values and the relative contribution of the adaptive factors to climate 
change adaptability. 

Factor Eigen value Difference Proportion Cumulative 

Mixed farming 1.934 0.662 0.242 0.242 

Non intensive production system 1.272 0.254 0.159 0.401 

Own fodder 1.017 0.096 0.127 0.528 

Non pure breed of dairy cattle 0.921 0.025 0.115 0.643 

Non Friesians and their crosses 0.896 0.083 0.112 0.755 

2 dairy cattle and above 0.813 0.143 0.102 0.856 

Household is main source of labour 0.670 0.193 0.084 0.940 

Increasing trend in income from dairying 0.478  0.060 1.000 

LR Test: independent vs saturated. Chi2 (28) = 226.08; Prob. > Chi2 = 0.00. 

 
Table 6. Interaction of key determinant factors with adaptation variables in determining 
climate change adaptation. 

Variable 
Mixed 

farming 
Non intensive 

production system 
Own 

fodder 
Uniqueness 

Farming type 0.387 0.393 −0.167 0.668 

Production system 0.650 0.202 −0.168 0.509 

Source of fodder −0.202 0.574 0.174 0.6 

Breed of dairy cattle kept 0.779 −0.071 0.101 0.378 

Adaptability of cattle  
breeds to local conditions 

0.798 0.109 0.007 0.352 

Number of dairy cattle kept 0.152 0.009 0.879 0.204 

Main source of farm labour 0.148 −0.603 0.274 0.539 

Income trend from dairying −0.184 0.605 0.270 0.527 

 
(factor 3) was the highest predictor of the number of dairy cattle kept by the 
study respondents. 

Thus, the study established that smallholder dairy farmers who chose to go for 
non-intensive dairying were about 40% more likely to adopt mixed farming, and 
about 60% more likely to establish own-farm fodder. Those that opted for mixed 
farming were about 70% more likely to practice non-intensive dairying; about 
80% more likely to keep cross breeds of dairy cattle, and about 80% more likely 
to rear non-Friesian breeds and their crosses that are considered more adaptable 
to the climatic conditions of the study area. On the other hand, the smallholder 
dairy farmers who had established fodder own farm were about 90% more likely 
to rear at least 2 dairy cattle. 

Table 6 further indicates that in terms of uniqueness, 66.8% of the variance in 
farming type is not shared with other variables in the overall factor model. On 
the contrary, the number of dairy cattle kept has low variance not accounted for 
by other variables, being 20.41%. This impulse that the number of dairy cattle 
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kept is a strong predictor of adaptability of smallholder dairy farmers in the 
study area. 

Table 7 presents results of rotated factor loadings for correlations (based on 
the assumption that the factors are not correlated to each other) and for ease of 
interpretation.  

From Table 7, all the three factors (1, 2 and 3) combined account for 52.78% 
of the total variance observed. From Table 7, it is further observed that Mixed 
Farming (Factor 1) could predict smallholder dairy farmers’ choice of farming 
type to be adopted by 49.6%; production system to practice by about 69.5%; 
breed of dairy cattle to keep by about 71.4%; and consideration of the adaptabil-
ity of the breed to the local environment by about 79.1%. On the other hand, 
Non-intensive production system (Factor 2) could predict smallholder dairy 
farmers’ consideration of the source of fodder for the dairy herd by about 62.7%; 
and the trend in income from sale of milk from the dairy herd by about 67%. 
Own fodder (Factor 3) could predict smallholder dairy farmers’ choice of 
number of dairy cattle kept by about 88.2%; and a consideration of the main 
source of farm labour (whether household or non-household) by about 37.6%. 

To find out which factors are related to the adaptive strategies employed by 
the smallholder dairy farmers in the study area, a prediction matrix was plotted 
and results presented in Table 8. 
 
Table 7. Inter-factor correlations in determining climate change adaptation. 

Orthogonal Factor Loading based on Kaiser Guttman Correlation 

Factor Variance Difference Proportion Cumulative 

Mixed farming 1.87334 0.5686 0.2342 0.2342 

Non intensive productive system 1.30474 0.26033 0.1631 0.3973 

Own fodder 1.04441  0.1306 0.5278 

Pattern Matrix 

Variance 
Mixed 

farming 
Non intensive 

production system 
Own fodder Uniqueness 

Farming type 0.4955 0.2483 −0.1582 0.6678 

Production system 0.6946 0.0004 −0.0913 0.5092 

Source of fodder −0.0568 0.6272 0.0581 0.6 

Breed of dairy cattle kept 0.7137 −0.2438 0.2299 0.3783 

Adaptability of cattle  
breeds to local conditions 

0.7911 −0.0939 0.1154 0.352 

Number of dairy cattle kept 0.0483 0.1261 0.8819 0.2041 

Main source of farm labour −0.0531 −0.5631 0.3759 0.5389 

Income trend from dairying −0.042 0.6697 0.1502 0.5272 

Factor Rotation Matrix 

 Factor 1 Factor 2 Factor 3 

Mixed farming 0.9559 −0.2493 0.1556 

Non intensive production system 0.2712 0.9522 −0.1405 

Own fodder −0.1131 0.1765 0.9778 
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Table 8. Predictability of adaptability of smallholder dairy farmers to climate change. 

Variable Mixed farming 
Non intensive 

production system 
Own fodder 

Farming type 0.29374 0.21549 −0.17272 

Production system 0.38276 0.03811 −0.13126 

Source of fodder 0.00335 0.48578 0.0876 

Breed of dairy cattle kept 0.35857 −0.13596 0.16759 

Adaptability of cattle  
breeds to local conditions 

0.41669 −0.02004 0.05866 

Number of dairy cattle kept −0.02068 0.13988 0.85619 

Main source of farm labour −0.086 −0.42337 0.34209 

Income trend from dairying 0.00823 0.52372 0.17774 

 
The factors being regression coefficients used to estimate the individual scores 

per case or row, as presented in Table 8 indicate that, the farming type prac-
ticed, production method employed, breed of dairy cattle kept, and a consid-
eration of the adaptability of the dairy cattle kept to the local conditions are all 
related to Mixed Farming (Factor 1). Source of fodder and the observed trend 
in income from sale of milk from smallholder dairying are all related to 
Non-intensive production system (Factor 2). On the other hand, the number 
of dairy cattle kept and the main source of farm labour are all related to Own 
fodder (Factor 3).  

3.3.2. Establishing Whether Farmer’s Adaptation to Climate Change Are  
Significant 

To establish the level of adaptation of the smallholder dairy farmers of Migori to 
Climate change, In-silico Z-score calculator was used to run one proportion 
Z-test for each of the eight parameters defined to measure adoption; with sample 
1 being 0.5 (the assumed adoption level) and sample 2 being the % of respon-
dents adopting the various adaptive practices. Findings are presented in Table 9.  

The results indicate that for each of the 8 parameters for measuring adapta-
tion, the two sample means (that of the assumed adoption level and the actual 
adoption level) were significantly different, hence; the smallholder dairy farmers 
of Migori were generally highly adapted to climate change effects. The highest 
significant difference was experienced with respect to practicing mixed crop and 
dairy farming (Z = 17.82; C.I: 0.449 - 0.551; p < 0.05), while the lowest signifi-
cant difference was that for increased trend in income from dairy enterprise (Z = 
7.05; C.I: 0.449 - 0.551; p < 0.05).  

4. Discussions 

Mixed crop and livestock farming reported in Figure 3 could be attributed to an 
attempt by the study respondents to adapt to feed shortages. In this way, the 
crops and crop residues could supplement dairy animal feeds, even as the  
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Table 9. In-silico Z-scores for level of adaptation of study respondents to climate change 
effects (n = 367). 

Parameter for measuring adoption (x) % Adopting Z-Score 
C.I.  

(95% level of 
significance) 

Mixed Crop & Dairy Farming  96.5 17.82 0.449 - 0.551 

Non-Intensive Dairy Production Method 95.1 17.28 0.449 - 0.551 

Own Fodder 92.4 16.25 0.449 - 0.551 

Non Pure Breeds of Dairy Cattle 87.7 14.44 0.449 - 0.551 

Ayrshires, Guernseys, Jerseys & Their Crosses 87.5 14.37 0.449 - 0.551 

2 Dairy Cattle & Above 92.9 16.44 0.449 - 0.551 

Household Is Main Source of Farm Labour 94.6 17.09 0.449 - 0.551 

Increased Trend in Income from Dairy Enterprise 68.4 7.05 0.449 - 0.551 

 

manure from the dairy farm is used to improve soil fertility, hence; crop produc-
tivity. These findings are consistent with several findings of similar studies done 
across the Sub Saharan Africa [7] [19], but differ from those by Wamalwa [20] 
who established that most smallholder farmers adapted to climate change by di-
versifying out of agriculture. Mixed crop and livestock farming could also be at-
tributed to an attempt by the study respondents to spread out risks of total loss 
from production, ensure sustainability in business, complementarity of enter-
prises (crop and livestock), increases in household income; and reduction in the 
overall production cost, as was argued out by Somda, J. et al. [21]. 

Non-intensive dairying practiced by majority of the study findings as reported 
in Figure 3 could be attributed to an attempt to achieve an efficient utilization of 
scarce feed resources, give the farmer flexibility to engage in other activities, re-
duce labour demand, reduce cost of parasite and disease control in the farm, and 
ensure efficient utilization of farm by-products. This is consistent with findings 
by Ketema & Tsehay [5] regarding dairy production systems in Ethiopia. 

While most of the study respondents kept non-pure breeds (i.e. crossbred 
dairy cattle) in an effort to adapt to parasites and diseases, Quddus [22] found 
that only some 35% of farmers in Bangladesh reared crossbred cattle as an adap-
tation to climate change. This suggests that probably in Bangladesh, the small-
holder dairy farmers have better control of diseases and parasites compared to 
their Kenyan counterparts. 

Figure 3 further indicated that the smallholder dairy farmers are generally 
rearing Ayrshires and Guernseys and their crosses for their tolerance to the high 
temperatures and diseases and parasites, as opposed to Friesians that used to be 
very common in the early days. This finding is consistent with findings by Kirui 
[23] that there was an increase in tick-borne diseases and pneumonia in Kosirai, 
Kenya where remarkable climate changes had been experienced in 10 years 
(2003-2013) compared to Namayumba, Uganda that had experienced climate 
change. 
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Study respondents also established own fodder (Figure 3) in order to ensure 
sustainable feed availability to the dairy cattle, and the acreage of own feed was 
used to determine the number of dairy cattle kept. Other than depending on tra-
ditional fodder crop (Napier grass), respondents diversified feed sources (in-
cluding Boma Rhodes grass, desmodium, sweet potato vines, Bracheria, chopped 
maize stover treated with molasses and other improved Napier grass cultivars) 
and practiced more dry feeding rather than wet feeding. Other than limited land 
sizes, low income base, ignorance, poor extension contact, and long distances to 
nearest feed stockists were some of the factors that limited study respondents 
from having sustainable access to high quality cattle feeds. This has the effect of 
compromising the breeding of the dairy cattle, thereby elongating the calving 
interval. These findings are consistent with that of Maleko et al. [24] that 
own-fodder provide the main feed source (73%) for smallholder dairy farmers of 
Western Usamabra Highlands in Tanzania; and by Moran, J. [25] that feed short-
ages remains a major constraint in smallholder dairy farming, with feed costs 
making for 50% - 60% of total cost of milk production.  

The respondents indicated that labour demand has tended to increase over 
time as they endeavoured to adapt to climate change effects. This finding was 
corroborated by Morton [26]; Hassan & Nhemachena [7]; and Wamalwa [20], 
strongly suggesting that availability of labour may strongly determine diversifi-
cation of farming from monoculture to mixed cropping and mixed crop and li-
vestock farming systems. Respondents coped with the labour shortages by rely-
ing more on household labour, reducing the herd size to 2 dairy cattle, and hir-
ing extra labour at peak periods. Use of family labour to mitigate labour shortage 
was also established by Hassan & Nhemachena [7]; Wamalwa [20], and Amuge 
& Osewe [27]; with a significant relationship being established between large 
family sizes and smallholder farmers divesting from monoculture into mixed 
crop and dairy farming systems as an adaptive strategy to climate change (Has-
san and Nhemachena, 2008). These findings, however, contradict those by Ka-
sulo et al. [28] and Tripathi & Mishra [29] who concluded that dairy farmers ei-
ther did not perceive climate change as an immediate problem, or did, but took 
only implicit measures to adapt to climate change. Reduction of herd size to 2 
dairy cattle was also established by Kirui [23] who found some 34% of her study 
respondents in Kosirai kept 1 - 2 dairy cattle, while nearly half kept 2 - 5 dairy 
cattle.  

Figure 3 further indicated that majority of the study respondents had expe-
rienced an increase in income from the dairy enterprise over the past ten (10) 
years. This finding corroborates that of Shikuku et al. [30] that prioritized cli-
mate-smart livestock technologies in rural Tanzania. Shikuku et al. [30] indi-
cated that both households with local cows and those with improved cows had 
increased income and food security. 

Findings from qualitative study indicated that productivity of the animals has 
shown a general decline, with an ever-increasing milk demand. This has pushed 
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milk prices up, making most dairy farmers to experience a general increasing 
trend in returns from dairying. Milk production has declined. There has been 
increase in calf pneumonia and increasing cases of silent heat due to poor man-
agement (lack of mineral supplementation and delays in accessing A.I. services 
that have since been privatized and the few available A.I. service providers are 
overwhelmed), although generally increases in temperature have meant more 
pronounced heat signs and aggressive animals when on heat. 

The study established that mixed farming, non-intensive dairy production 
system and establishing own farm fodder were three factors that greatly deter-
mined the adaptability of smallholder dairy farmers to climate change in the 
study area. Thus, the farming type practiced, production method employed, 
breed of dairy cattle kept, and a consideration of the adaptability of the dairy 
cattle kept to the local conditions are all related to the practice of mixed farming. 
Similarly, smallholder dairy farmers’ source of fodder and the observed trend in 
income from sale of milk from smallholder dairying are all related to the practice 
of non-intensive dairying; while the number of dairy cattle kept and the main 
source of farm labour are all related to the practice of establishing own farm 
fodder. 

While from Z-score analyses, Migori smallholder dairy farmers are well 
adapted to climate change effects, Amuge & Osewe [27] found the level of feed 
based technologies among smallholder dairy farmers of Ekerenyo Sub-county were 
unsatisfactory, similar to findings by Olumba & Rahji [31] concerning adoption 
of improved plantain technologies in Anambra State, Nigeria.  

5. Conclusion 

Climate changes have taken place in the study area, with moderate to high effects 
on the performance of the smallholder dairy industry in Migori County. Migori 
smallholder dairy farmers are, however, significantly and positively adapted to cli-
mate change effects, hence; are more likely to increase productivity, sustain produc-
tion and income from the dairy enterprise, and remain in the market for quite some 
time if the Government and other stakeholders provide the much-needed external 
support in terms of infrastructure, institutional and legal support. Despite the 
high level of adaptation of Migori smallholder dairy farmers to climate change 
effects, there is a need for stronger research-extension-farmer linkages so that 
latest findings from research could reach smallholder dairy farmers in time, and 
feedback from the dairy farmers could reach researchers in time. Government 
extension service having been liberalized and adopting a demand-driven group 
approach, civil society organizations, private players, research institutions and 
universities need to step up their farmer advisory services to bridge the gap in 
terms of limited farmer contact with extension and advisory service agents. This 
is more particularly important, considering the general reduction in employ-
ment of extension agents by the government and poorly remunerated and moti-
vated extension agents within the civil service. 
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