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Objectives of  the presentation
• Present Survey designs & Estimators for enumerating 

Nomadic & semi nomadic (transhumant) livestock 
• Targeted audience 

‒ Survey managers/supervisors, technicians and analysts in 
NSOs and Agriculture Ministries

‒ Teaching staff and students in Training Centres of  
Agricultural Statistics 
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SURVEY DESIGNS & 
ESTIMATORS for 

enumerating nomadic and 
semi-nomadic (transhumant) 

livestock
INTRODUCTION 1
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1. Survey Designs & Estimators -
Introduction

Survey Designs and Estimators exist for each of the 
Two (2) main methods for enumeration of livestock: 

Ground Surveys 
and

Aerial Surveys
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1. Survey Designs & Estimators –
Introduction

• Survey design provide modality for sampling 
starting from building of sampling frame to sample 
selection 

• Estimators provide means to compute Estimates
which are information about the population 
inferred from the sample

• Estimators are provided for Sampling Designs

• Some important estimators are such as Population 
Total, Mean, Variance, Proportion
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1. Survey Designs & Estimators –
Introduction (cont’d)

• Statistical Units – depending on survey objective, they may be: 
‒ herd
‒ livestock holder/owner or at times
‒ livestock herder even if not owner

• Sampling frame: 
‒ A complete list of sampling/statistical units

• Statistical units – units for/from which information is asked e.g. 
herd, herder

• Sampling units – units on which sample is picked. It could be the 
statistical unit such herds of livestock, ethnic community/groups, 
areas/zones on the ground (regions, districts etc.), strata or 
Enumeration Points that are selected to be included in a sample

‒ Is compiled during general agricultural or livestock census or in ad 
hoc operations

‒ Important to geo-reference sampling units
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1. Survey Designs & Estimators –
Introduction (cont’d)

Census or Sample Survey?
 Doing Census is generally easier than sample 

survey in terms of design since it involves
enumerating all elements in sampling frame 

Whether Census or Sample Survey is done, 
depends on budget, timeline, accessibility of 
statistical units, scale and level of detail of data 
that must be achieved 
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1. Survey Designs & Estimators –
Introduction (cont’d)

Census or Sample Survey?
 Census is appropiate for cross-border nomadic or 

transhumant livestock since it is difficult to create 
and update a reliable sampling frame for cross 
border nomadic/transhumant livestock 

 Sample Survey is convenient when:
‒ faced with budget constraints  
‒ more details are desired from statistical units
‒ statistical units are hard to access due to geographical 

constraints so it is difficult to perform a complete 
enumeration

 To avoid double counting, census or survey 
operations must  be carried out in reasonably short 
span of time 
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1. Survey Designs & Estimators –
Introduction (cont’d)

In the next sections, we proceed by looking 
at…

• Survey Designs & Estimators for Ground Surveys 

then

• Survey Designs & Estimators for Aerial Surveys 
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SURVEY DESIGNS & 
ESTIMATORS for 

GROUND SURVEYS2



12

2.1 Ground Surveys: Survey 
Design & Estimators
• Survey Designs & Estimators for GROUND SURVEYS 

exist for each of the Two (2) main methods or 
approaches for enumerating livestock on the 
ground: 

Enumeration Points (EPs) 
and

Use of Ethnic Groups/Clans
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2.2 Ground Surveys: Survey 
Design for Enumeration Points

 First step: complete list of all Enumeration Points (Water points, 
Stock Routes etc.) for the sampling frame

‒ List should geo-reference areas where EPs are found

‒ If list is totally impossible to construct, aerial survey is an 
option

Example: Case of Niger enumeration points identified were
stock routes for nomadic livestock; water points for 
transhumant (semi nomadic livestock)

 Decide: Census or sample survey? 

‒ This depends on budget, amount of detail desired, accessibility
of enumeration points

‒ If sample survey is chosen, the next slides outline approaches
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2.2 Ground Surveys: Survey Design for 
Enumeration Points (cont’d)
Sample Survey – approaches…

 Stratification: 
 It can be geographical or by type/characteristics of enumeration point

‒ Helps provide estimates for homogeneous subgroups 
(disaggregated data)

‒ Possible to enumerate all elements in strata or take a sample 

 Stratification improves precision of estimates

 Multi-stage sampling
‒ It is conditional that you can build or have available list of sampling 

units at each stage of sampling

‒ Sampling units at various stages can be Regions, Districts and 
Enumeration Ereas (EAs) before finally selecting Enumeration 
Points(EPs) 

‒ Provides ease in carrying out survey and reduces costs

‒ It can be combined with stratified sampling in subsequent stages 
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2.3 Deciding which Sampling Design to Use for 
Ground Survey of  Enumeration Points (EPs)

• The Guidelines for Enumeration of Nomadic and Semi-
Nomadic (Transhumant) Livestock (page 86) contains a 
Decision Tree for Selecting Ground Survey Sampling 
Design, a simple diagram tool that guides how to choose the 
sampling design to use when surveying Enumeration Points 
(EPs)

• In the following brief exercise, we are going to use the 
Decision Tree to decide the sampling design for surveying 
Enumeration Points (EPs) of your Country . . . 

• The Decision tree is given to you as an appendix
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2.3 Deciding which Sampling Design to Use for 
Ground Survey of  Enumeration Points (EPs) (cont’d)

The exercise…
• Think about livestock keeping in your country . . .
• Think about the distribution of nomadic/semi-nomadic 

livestock keepers across the land . . .
• Think of the geographical conditions (climate, vegetation, 

water source areas etc.) in which the livestock are reared . . .
• Think about the places visited and routes nomads & semi-

nomads use . . .
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2.3 Deciding which Sampling Design to Use for 
Ground Survey of  Enumeration Points (EPs) (cont’d)

• Imagine the Ministry of Agriculture has decided to enumerate livestock . . . 
e.g. cattle, goats & sheep

• Ground Survey of relevant Enumeration Points is to be done
• You are part of the technical committee advising the undertaking . . .
• Use the Decision Tree for Selecting Sampling Design for Ground Survey of 

Enumeration Points (EPs) provided to you as an appendix to decide the 
sampling design best suited to your country’s situation

• Use a pen to trace your decision starting from area marked START 
• Share your result with your colleague . . .

• Are your results the same? Discuss. 

(Hint: since country situations are different, it is expected results to be different for different 
countries. Do not be surprised also if you and your colleague from same country have different 
answers!) 
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2.4 Decision Tree for Survey Design for Ground 
Survey of  Enumeration Points (EPs) 
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2.5 Ground Surveys: Estimators for Enumeration
Points 

• FIRST SITUATION, suppose…
‒ complete list of enumeration points EPs in entire 

geographical zone/strata frequented by animal or herd 
is easily constructible or available (perhaps from 
previous agric. census)

‒ complete enumeration cannot be achieved due to 
constraints posed by, for example, time or budget 

• In this situation, stratified random sampling is most 
recommended and can be applied as follows: 

• Representative EPs from complete list of EPs are randomly 
selected for data collection in each stratum

• Stratification serves to improve precision of estimates 
• Estimators will be used to obtain total population estimates 
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2.5 Ground Surveys: Estimators for Enumeration
Points (Cont’d)

• Weights and Estimators (Stratified Random Sampling)
‒ Assumption: no animals are double-counted within and 

between strata
‒ Case 1: We are counting Animal j of stratum h 

Notations are:
• N : total number of enumeration points in the country
• n : size of the sample of enumeration points
• H : number of strata
• Nh : total number of enumeration points in stratum h
• nh : size of the sample of enumeration points in stratum h

• mhj : number of enumeration points frequented by animal j in 
stratum h



21

2.5 Ground Surveys: Estimators for Enumeration
Points (Cont’d) - Notations

Geographical 
Zone /
Stratum, h

Enumeration Point EP (EPih)

EPs
frequented by 
animal j in 
Stratum h 
(mhj)

Total Number 
of EPs in 

Stratum h –
(Nh)

Sample
of EPs in 
Stratum 

h (nh)

h = 1 EP11 EP21 EP31 ” m1

N1 = ∑ EPih, i = 
1, 2, 3…N1, h=1 n1

h = 2 EP12 EP22 ” ” m2
N2 = ∑ EPih, i = 
1, 2, 3…N2, h=2

n2

h = 3 ” ” ” ” m3
N3 = ∑ EPih, i = 
1, 2, 3…N3, h=3

n3

” ” ” ” ” ” ” ”

H =∑ h , h = 1, 
2, 3…H ” ” ” ” m = ∑ mh N = ∑ Nh=1,2,3..H n = ∑ nh
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2.5 Ground Surveys: Estimators for Enumeration
Points (Cont’d)

• Probability of Selection of animal j in stratum h (     ) is the 
probability that at least one enumeration point EP frequented 
by the animal j will be selected in the sample

• It is also equal to 1 minus the probability that any enumeration 
point frequented by the animal j is not selected in the sample

• Notice the numerator and denominator above are combination 
notations
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2.5 Ground Surveys: Estimators for Enumeration
Points (Cont’d)
• Developing and simplifying …

• Weight of animal j in stratum h is the inverse of 
Probability of selection

• Now, Let Shi be the number of animals counted at the 
sampled enumeration point i of stratum h, then…
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2.5 Ground Surveys: Estimators for Enumeration
Points (Cont’d)
• The Horvitz-Thompson estimator of the total number of livestock is

• The unbiased estimate of Horvitz-Thompson Variance is 

where Sh is the sample of all animals counted in the stratum h and πjj’ is the joint probability of 
inclusion of units j and j’. 

• Joint probabilities of inclusion can be calculated by methods such as 
bootstrap, jackknife or linearization or using approximations of the 
Horvitz-Thompson variance (Deville, 1999; Bruch et al., 2011)
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2.5 Ground Surveys: Estimators for Enumeration
Points (Cont’d)
• Estimators and weights (Stratified Random Sampling)

‒ Assumption: no animals are double-counted within and 
between strata.

‒ Case 2: We are counting a herd of animals in stratum h
instead of animal j of stratum h

Notations are:
• Shi : Number of herds counted at the sampled enumeration point i

of stratum h
• yhij : Number of animals of the herd j (collected, for example, from 

the herder’s declaration) at the enumeration point i of the stratum 
h

• mhj : Number of enumeration points frequented by herd j in 
stratum h

• N, n, H, Nh and n : same as case 1 (counting single animal instead of 
herd)
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2.5 Ground Surveys: Estimators for Enumeration
Points (Cont’d)

• Probability of Selection of animal j in stratum h is

• Weight of animal j in stratum h is the Inverse of Probability 
of selection
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2.5 Ground Surveys: Estimators for Enumeration
Points (Cont’d)

• The Horvitz-Thompson estimator of the total number of livestock 
when a herd in stratum h counted instead of animal j is

• The unbiased estimate of Horvitz-Thompson Variance is 

where Sh is the sample of all herds counted in the stratum h and πjj’ is the joint probability of inclusion of herds j and j’. 

• Joint probabilities of inclusion can be calculated by methods such 
as bootstrap, jackknife or linearization or using approximations of 
the Horvitz-Thompson variance (Deville, 1999; Bruch et al., 2011)
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Is there any 
questions? Let’s 

discuss a bit before 
looking at second 
situation below…
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2.5 Ground Surveys: Estimators for Enumeration
Points (Cont’d)

• SECOND SITUATION, suppose…
‒ complete list of enumeration points (EPs) in entire geographical 

zone/strata frequented by animal or herd of the chosen 
type(sheep/goat/cattle/camel etc.) can not be quickly or fully built because 
of costs, distance or time

‒ it is possible to construct a partial frame/list at multiple stages i.e.  primary 
stage sampling units e.g. Enumeration Areas (EAs) and second stage 
sampling  units e.g. Enumeration Points (EPs) for sampled EAs 

• In this situation, Multi Stage Sampling method is recommended and can be 
applied with TWO STAGES as follows: 

1) Select a sample of EAs as primary sampling units (PSUs)
2) Select a sample of EPs in each selected PSU as  secondary sampling units – SSUs or 

Select all EPs in sampled EAs as SSUs

• Thus complete list of EPs is required to be built only for the selected PSUs i.e. EAs 
• PSUs can be selected with probabilities proportional to their size or with equal 

probabilities
• In selected PSU, a sample of EPs (SSUs) could be selected with equal probability
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2.5 Ground Surveys: Estimators for Enumeration
Points (Cont’d)
Weight calculation
• The probability of selection of each selected EA & EP is calculated 

• Then the weight of animal or herd is calculated before finally 
estimating population total

HOWEVER… it is difficult to calculate animal/herd weight in this
case where we only have a complete list of EPs for selected
PSUs(EAs)
Animal j or herd may frequent EPs that are in the sampled PSUs (EAs) for which you have
complete list of EPs and their probabilities of selection AND most likely herd may frequent
EPs not in the sampled PSUs for which you do not have complete list of EPs thus do not
have probabilities of selection of those EPs and their weights
 Thus there exists at minimum one to several links between an animal/herd to an EP 

regardless it is in the sample or not
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2.5 Ground Surveys: Estimators for Enumeration
Points (Cont’d)

The following are the possible links between herds and 
Enumeration Points (EP):

• One-to-one - each herd is linked to only one 
enumeration point and vice versa (very rare)

• One-to-many - a herd is linked to many EPs but each 
EP is frequented by only one herd (rare)

• Many-to-one -a herd can be linked to only one EP 
but an EP can be frequented by many herds

• Many-to-many - many herds can be linked to one EP 
and many EP can be linked to one herd (most 
frequently observed)
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2.5 Ground Surveys: Estimators for Enumeration
Points (Cont’d)
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2.5 Ground Surveys: Estimators for Enumeration
Points (Cont’d)

• To overcome problem of incomplete frame, Indirect 
Sampling Approach is used to arrive at estimates of 
population parameters

• With Indirect Sampling Approach, to produce estimates 
of  weights that allows to calculate population 
parameters, the Generalized Weight Share Method 
(GWSM) (Lavallée, 2007) is used  

• How estimation of Weights of Herds with several links to 
enumeration points is done with GWSM is explained next 
in a Words & Picture example . . .



34

2.5 Ground Surveys: Estimators for Enumeration
Points (Cont’d)
Steps…  
1. Select PSUs and then the sample of EPs as SSUs and calculate their 

probabilities of inclusion/selection 
The next step is to calculate animal/herd weight using GWSM

2.   Collect data on all the herds that frequent the sampled EPs over        
the period considered by the survey
3.    To estimate the herds’ respective weights, collect data on:
 The number of all enumeration points, sampled and not sampled, 

that the herd usually frequents over a year 
 The sampled EPs that are linked to the herd (i.e. sampled EPs that 

the herd frequented during the year)  
4.    Estimate Weight for herds using GWSM
5. Proceed to estimate Population Total  



35

2.5 Ground Surveys: Estimators for Enumeration Points 
(Cont’d)

To implement these steps, see an example of questions and answers posed to herder of herd K:
• Q1: How many EPs are you likely to frequent this year? 
 Assume a hypothetical answer of seven (7) Enumeration Points (EPs) is given (comprising EPs 

A, B, C, D, E, F and G). 
• Q2: Of these EPs, how many are in the sample? 
 Note that it is important to learn from the herder all EPs that herd K is likely to visit that are 

in the sample. Three sampled EPs will be frequented by herd K (A, B and C) 

To Calculate the weight of herd K:

• We assume the initial weight is given for each of the sampled EPs A, B and C as 45, 28 and 57 
respectively which are summed up to get herd’s initial weight 45+28+57 = 132 as in the 
steps outlined below

• The weight of the Sampled EP is simply the inverse of the probability of selection of the EP 
into the sample
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2.5 Ground Surveys: Estimators for Enumeration
Points (Cont’d)

STEP RESULTS

Step 1: Calculation of herd’s initial 
weight
For each herd, calculate an initial weight 
as the sum of the weights of all the 
sampled enumeration points linked to it

Herd K is linked to 3 sampled EPs:
A, B and C. Thus, initial weight is
45+28+57=132 (sum of weights of all 
sampled EPs linked to it).

Step 2: Calculation of herd’s total 
number of links
i.e. the number of all enumeration 
points sampled or not sampled linked 
to/frequented by the herd

In this example, the answer is 7 i.e. (EPs 
A, B, C, D, E, F, G)

Step 3: Calculation of herd’s final weight
Calculated by dividing the initial weight 
by the total number of links

The herd K’s final weight is 132/7=18.86
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2.5 Ground Surveys: Estimators for Enumeration
Points (Cont’d)
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2.5 Ground Surveys: Estimators for Enumeration
Points (Cont’d)

Weights and Estimators  (Stratified Two-Stage Sampling )
‒ PSUs are Enumeration Areas (EAs) – alternatives could be counties, 

villages etc. 
‒ In each stratum, the PSUs are selected with either probabilities 

proportional to size or equal probabilities (both cases will be looked at) 
‒ The SSUs are EPs that have been sampled, with equal probabilities, in 

each selected EAs

Notations are:
• M = number of EAs
• H = number of strata
• Mh = number of EAs of stratum h, 
• Nih = number of EPs of stratum h in EA i
• mh = size of the sample of EAs of stratum h
• m = ∑h mh = size of the sample of EAs
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2.5 Ground Surveys: Estimators for Enumeration
Points (Cont’d)

Notations (cont’d):
• nih = size of the sample of EPs of stratum h in EA i
• nh = ∑i nih = size of the sample of EPs of stratum h
• i = 1, 2, …, Mh : indexes of EAs in stratum h
• j = 1, 2, …, Nhi : indexes of EPs of EA i in stratum h
• K = total number of herds surveyed at sampled EPs 
• k = 1, 2, 3…, K : indexes of herds surveyed
• ykh = value of the variable of interest for herd k of 

stratum h (this could be the number of animals in herd
k)
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2.5 Ground Surveys: Estimators for Enumeration
Points (Cont’d) - Notations

Geograp
hical 
Zone/ 
Stratum, 
h

Number of Enumeration 
Points (EPs) – (Nih)

Enumeration Areas (EAs) – ( i h)
Total 
No. of 

EAs (Mh)

Size
Sample of 
EAs (mh)

i = 1 i = 2 i = 3 ”
Mh i = 1, 2, 

3…Mh

i = 1, 2, 
3…mh

h = 1
Total

N1=∑Ni1 , i = 1, 2, 
3…M1

N11 , (EP j =1,2,3..N11) –

not known

N21, (EP j =1,2,3..N21) N31, (EP j =1,2,3..N31) -

not known

”
NM11, (EP j =1,2,3..NM11)

M1 m1

Sample
n1=∑ni1 i = 1, 2, 
3…m1

h = 2

Total
N1=∑Ni2 , i = 1, 2, 
3…M2

N12,, herd K possibly 
visits (EP j 
=1,2,3..N12)

N22, (EP j =1,2,3..N22) –
all known
e.g.Prob.of.Select: EA 
i=2,h=2,
P22=m2*[N22/(N12+N22+
N32+...+ NM22)]

N32, herd K possibly 
visits 
(EPj=1,2,3..N32)

herd k “ 
(“)

NM22, herd K 
possibly visits (EP j 
=1,2,3.. NM22)

M2 m2

Sample
n2=∑ni2 , i = 1, 2, 
3…m2

‘’

Our Sample is n22 , 

(EP j =1,2,3..n22) herd 
K may visit some or all 
EPs in sample, also EPs 
in EA i=2, h=2 but not 
in sample i.e. N22 - n22

& EPs in other EAs i.e. 
i≠2

‘’ ‘’ ‘’

h = 3
‘’ ‘’ ‘’ ‘’ ‘’ ‘’ ‘’

M3
m3

‘’ ‘’ ‘’ ‘’ ‘’ ‘’ ‘’
” ” ” ”

h = 1, 2, 
3…H

Total N = ∑ Nh M=∑ Mh m = ∑ mh

Sample n = ∑ nh h = 1, 2, 3…H
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Using the notation table above…

• Let us imagine livestock of Stratum h = 2 are being 
enumerated, 

• Enumeration Area EA i=2 is sampled at primary 
stage

• Enumeration Points in EA i = 2 and stratum h=2 are 
selected as SSUs
We build frame of EPs for each EA i of stratum h=2  

when selecting EAs as PSUs with probability 
proportional to size of EA
We build frame of EPs only for stratum h=2 and EA=2 

when EAs are selected with equal probability as PSUs
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Using the notation table above…(cont’d)
• Recall questions and answers posed to herder of herd K . . .
• Let us have Herd K enumerated in stratum h=2

 We build frame of EPs for each EA i of stratum h=2 as in this example,  we select EAs 
as PSUs with probability proportional to size of EA

 THE QUESTIONS AND ANSWERS

• Q1: How many EPs are you likely to frequent this year? 
 Assume a hypothetical answer of seven (7) Enumeration Points (EPs) is given 

(comprising EPs A, B, C, D, E, F and G). 
• Q2: Of these EPs, how many are in the sample? 
 Note that it is important to learn from the herder all EPs that herd K is likely to 

visit that are in the sample. Three sampled EPs will be frequented by herd K (A, 
B and C) 

 Let us place answers in the table of notations . . .
 Notice to aid the example for which we select EAs as PSUs with probability 

proportional to size of EA, EPs Q,R,S,T,U,V,W,X,Y,Z have been added
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Herd K (visits EPs A,B,C,D,E,F,G and Eps A,B,C sampled) -
Notations

Geograp
hical 
Zone/ 
Stratum, 
h

Number of Enumeration 
Points (EPs) – (Nih)

Enumeration Areas (EAs) – ( i h)
Total No. 

of EAs 
(Mh)

Size of
Sample of 
EAs (mh)

i = 1 i = 2 i = 3
i = 1, 2, 
3…Mh

i = 1, 2, 
3…mh

h = 1
Total

N1=∑Ni1 , i = 1, 2, 
3…M1

not sampled, not known not sampled, not known not sampled, not 
known

M1 m1

Sample
n1=∑ni1 i = 1, 2, 
3…m1

not sampled, not known not sampled, not known
not sampled, not 

known

h = 2

Total
N1=∑Ni2 , i = 1, 2, 
3…M2

N12,=4 (EPs, j =D,E, V,W) 
we know EPs D&E because 

herder of herd k declared this 
information and EPs U,V 
during frame building exercise 
in stratum h=2

N22, = 8 (EPs j =A,B,C,Q,R,S,T,U ) – all 
known
e.g.Prob.of.Select: EA i=2,h=2,
P22=m2*[N22/(N12+N22+N32+...+ NM22)]
P22=1*[8/(4+8+5)]
(EA as PSU is selected with 
probability proportional to size of 
EA) 

N32,=5  (EPs, j=F,G, 
X,Y,Z) we know EPs 
F&G because herder 
of herd k declared 
this information and 
EPs X,Y,Z during 
frame building 
exercise in stratum 
h=2

M2=3 m2=1

Sample
n2=∑ni2 , i = 1, 2, 
3…m2

Our Sample is n22  = 5 (EPs j 
=A,B,C,R,T) herd k visits only EPs 
A,B,C in the sample, herd k also visits 
other EPs D,E,F,G not in sample

h = 3
‘’ ‘’ ‘’ ‘’ ‘’

M3
m3

‘’ ‘’ ‘’ ‘’ ‘’
” ” ” ”

h = 1, 2, 
3…H

Total N = ∑ Nh M=∑ Mh m = ∑ mh

Sample n = ∑ nh h = 1, 2, 3…H
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2.5 Ground Surveys: Estimators for Enumeration
Points (Cont’d)

• First calculate Probability of Selection of EA i of stratum h (first 
stage probability of selection) denoted as 

• Case 1: First stage – mh EAs selected from stratum h with 
probability proportional to size
Second Stage: nih EPs selected with equal probabilities in 
each stratum h of EA i

• Set                                then                                for case 1
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2.5 Ground Surveys: Estimators for Enumeration
Points (Cont’d)

• Case 2: First stage: mh EAs selected from stratum h with equal probability
Second Stage: nih EPs selected with equal probabilities in each 

stratum h of EA i

• For case 2,  

• Finally, for each respective Case 1 or Case 2, depending on the case you 
have chosen, Calculate Selection Probability of Enumeration Point (EP) j of 
stratum h in Enumeration Area (EA) i as follows

• Notice the inverse of selection probability of EP j is the Weight of EP j

h

h
ih M

m
=π

ih

ih
ihijh N

nππ =
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2.5 Ground Surveys: Estimators for Enumeration
Points (Cont’d)

• The next task is to estimate herds weight so we can estimate 
Population Total & Variance using the Generalized Weight 
Share Method (GWSM) (Lavallée, 2007)  

• We will use the Weight of EP j in estimating herd weight
• First, define the link between EP j and herd k with the 

indicator variable ljk where ljk=1 if there is a link between EP
j and herd k, and 0 if otherwise

• To achieve unbiased estimates, all the statistical units 
(animals or herds) must be linked to at least one 
enumeration point because…

‒ Different EPs points must be identified as exhaustively as possible

‒ During the year under consideration, each herd is likely to frequent 
at least one of the EPs 
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• Step 1: Calculation of herd’s initial weight
For each herd k of stratum h, the initial weight is:

where tj = 1 if EP j is sampled and 0 otherwise

• Step 2: Calculation of the herd’s total number of links
For each herd k of stratum h, the total number of links is:
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2.5 Ground Surveys: Estimators for Enumeration
Points (Cont’d)
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• Step3: Calculation of the  herd’s final weight
The final weight of each herd k of stratum h is
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2.5 Ground Surveys: Estimators for Enumeration
Points (Cont’d)
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• The Horvitz - Thompson estimator of the Total 
Population is 

• ykh = value of the variable of interest for herd k of 
stratum h (this could be the number of animals in 
herd k)

khkh

K

k

H

h
ywY

11

ˆ
==
∑∑=

2.5 Ground Surveys: Estimators for Enumeration
Points (Cont’d)
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Questions?
?
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Reminder - Ground Surveys: Survey 
Design and Estimators

Recall 
• Survey Designs and Estimators for GROUND SURVEYS 

exist for each of the Two (2) main methods/approaches 
for enumeration of livestock on the ground: 

Enumeration Points 
and

Use of Ethnic Groups/Clans
• We have looked at Survey Designs and Estimators for 

Enumeration Points (EPs), next Survey Design & 
ESTIMATORS for Ethnic Groups/Clans is explained in 
detail
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2.6 Ground Surveys: Survey Design for 
Ethnic Groups/Clans

Survey Design for Ethnic Groups/Clans
 First step: Establish complete list of all nomadic & semi 

nomadic ethnic groups/clans in the country for the 
sampling frame

‒ This can be done during the General Agricultural 
Census or by means of updated secondary data (from 
administrative bodies, universities, NGOs, etc.).

‒ List should contain also basic information on each 
ethnic group or clan relevant to sampling purposes: 
population, movement of the livestock, species of the 
animals etc.
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2.6 Ground Surveys: Survey Design for 
Ethnic Groups/Clans (cont’d)
Survey Design for Ethnic Groups/Clans
• Stratification: based on population characteristics, species of the 

animals etc.
‒ Stratification improves precision of estimates

• Multi-Stage Sampling can be applied
‒ when list of PSUs and SSUs can be compiled
‒ is recommended for easier operations and cost reduction
‒ sample selection with a probability proportional to size can be done  using 

auxiliary data on the number of livestock held by each ethnic group or clan
 Example: case of Niger, during the 2004/2005 Agricultural and Livestock Census, 

a complementary survey on nomadic camels was performed through a multi-
stage sampling process: the PSUs were nomadic tribes and the SSUs were 
households

• Let us look at Estimators for ground surveys using Ethnic Groups/Clans
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2.7 Ground Surveys: Estimators for Ethnic
Groups/Clans
• Weights and Estimators  (Stratified Two-Stage Sampling )
- PSUs are Clans/Ethnic Groups
- In each stratum, the PSU are selected with either 

probabilities proportional to size or equal probabilities (both 
cases will be looked at). 

- The SSUs are herder/households that have been sampled, 
with equal probabilities, in each selected PSU.

Notations are:
• M = total number of Clans,  H = total number of strata
• Mh = number of clans of stratum h, 
• Nh = number of herders of stratum h 
• Nih = number of herders of stratum h in clan i
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2.7 Ground Surveys: Estimators for Ethnic
Groups/Clans (Cont’d)

• mh = size of the sample of clans of stratum h
• m = ∑h mh = size of the sample of clans
• nih = size of the sample of herders of stratum h in clan i
• nh = ∑i nih = size of the sample of herders of stratum h
• i = 1, 2, …, Mh : indexes of clans in stratum h
• j = 1, 2, …, Nhi : indexes of herders of clan i in stratum h
• h = 1, 2, 3…, H : indexes of stratum
• yihj = value of the variable of interest for herder j of 

stratum h in clan i (this could be the number of animals 
of the herder j)
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2.7 Ground Surveys: Estimators for Ethnic Groups/Clans (Cont’d)

Geographi
cal Zone/ 
Stratum, h

Number of 
Herders/Households –

(Nih)

Number of Clans – ( i ) Total 
Clans (Mh)

Size
Sample of 
Clans (mh)

i =
 1

i =
 2

i =
 3 ” “ i = 1, 2, 

3…Mh

i = 1, 2, 
3…mh

h = 1
Total N1=∑ Ni1 , i = 1, 

2, 3…M1

N11 , 
(herders j 
=1,2,3..N11)

N21 (herders j 
=1,2,3..N21)

N31, 
(herders j 
=1,2,3..N31)

”
NM11, (herders j 

=1,2,3..NM11)
M1 m1

Sample n1=∑ ni1 i = 1, 2, 
3…m1

h = 2

Total N2=∑ Ni2 , i = 1, 
2, 3…M2

N12,  
(herders j 
=1,2,3..N12) 

N22, (herders j 
=1,2,3..N22) 
e.g.i=2,h=2,  
Prob.of.Select:
P22 = 
m2*[N22/N12+N22+
N32+...+ NM22]

N32 , 
(herders j 
=1,2,3..N32) 

k
(“)

NM22, 
(herders j 
=1,2,3.. NM22) 

M2 m2

Sample n2=∑ ni2 , i = 1, 
2, 3…m2

Our Sample is
n22 , 

(herders j 
=1,2,3..n22) 

h = 3
Total N3=∑ Ni3 , i =1, 

2, 3…M3 M3
m3

Sample n4=∑ ni3 , i = 1, 
2, 3…m3

” ” ” ”
h = 1, 2, 

3…H
Total N = ∑ Nh M = ∑ Mh m = ∑ mh
Sample n = ∑ nh h = 1, 2, 3…H
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2.7 Ground Surveys: Estimators for Ethnic Groups/Clans 
(Cont’d)

• First calculate Probability of Selection of clan i of stratum h
denoted as 

• Case 1: First stage: mh clans selected from stratum h with 
probability proportional to size

Second Stage:  nih herders selected with equal 
probabilities in each stratum h of clan i

• Set                                then                             for case 1
∑ =

=
hM

i ih

ih
ih N

Np
1

ihhih pm=π

ihπ
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2.7 Ground Surveys: Estimators for Ethnic Groups/Clans 
(Cont’d)

• Case 2:  First stage: mh clans selected from stratum h with 
equal probability

Second Stage: nih herders selected with equal  
probabilities in each stratum h of clan i

• For case 2,  

• Finally, for each respective Case 1 or Case 2, depending on the 
case you have chosen, Calculate Selection Probability of herder j
of stratum h in Clan i as follows (take inverse to obtain weight)

h

h
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m
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2.7 Ground Surveys: Estimators for Ethnic
Groups/Clans (Cont’d)

• The Estimators for the Population Total is:

• The Estimator for Population Mean is;

• yihj = value of the variable of interest for herder j of stratum h in clan 
i (this could be the number of animals of the herder j)
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2.7 Ground Surveys: Estimators for Ethnic
Groups/Clans (Cont’d)

• The Estimators of the Variances of the Population 
Total and Population Mean;

• First rewrite mean as

• where

• and                                 

h

H

h
h yWY

1

ˆ
=

∑=

∑ ∑

∑

= =

== H

h

m

i hih

m

i hih

h MN

MN
W

1 1

1 ∑∑
==

=
ihn

j ihj

m

i
ihh

ih
h y

nn
ny

11
)1(



61

2.7 Ground Surveys: Estimators for Ethnic
Groups/Clans (Cont’d)

• If the PSUs are selected with equal probabilities, 
then the estimator of the variance of the mean is

• Where 
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2.7 Ground Surveys: Estimators for Ethnic
Groups/Clans (Cont’d)

• The estimator of the variance of the total can be 
deduced to be

• Where 
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2.8 Ground surveys: Estimators for 
Proportions

• It is important during ground surveys to establish  
PROPORTIONS characteristics of livestock herds 
based on sample observations

• Let us look at ESTIMATOR for Proportion of males 
and females in livestock herd
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2.8 Ground surveys: Estimators for Proportions 
(Cont’d)
• Let us suppose the proportion of animals by sex must be 

estimated.

Notation:
• n: number of subsampled EPs
• yim: number of male animals counted on EP i
• yif: number of female animals counted on EP i
• ym: total number of male animals counted on subsample
• yf: total number of female animals counted on subsample
• ymf: total number of animals counted on subsample
• pm: proportion of male animals
• pf: proportion of female animals
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2.8 Ground surveys: Estimators for Proportions 
(Cont’d)

• Estimation of proportion of males is

• Proportion of females, is simply one minus proportion 
of males
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2.8 Ground surveys: Estimators for Proportions 
(Cont’d)
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SURVEY DESIGNS & 
ESTIMATORS for 
AERIAL SURVEY3
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3.0 SURVEY DESIGNS & ESTIMATORS for 
AERIAL SURVEYS

Recall 
• Survey Designs exist for each of the Two (2) main 

methods for enumeration of livestock: 
Ground Surveys 

and
Aerial Surveys
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3.1 Aerial Surveys: Survey Design

• Survey Designs for AERIAL SURVEYS are based on 
two (2) assessment methods: 

Total Aerial Counts (Block Counts) 
and

Sample Counts

• SURVEY DESIGNs for Total Aerial Counts (Block 
Counts) and Sample Counts is explained in detail in 
next slides…
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3.2 Aerial Surveys: Survey Design for Total Aerial 
Counts (Block Counts) 

Survey Design for Total Aerial Counts (Block Counts) 
• Is done by flying a series of closely spaced, parallel flight lines with 

overlapping observation strips, or by a circular “corkscrew” flight path of 
decreasing radius over the area of interest (see next slide)

• Flight pattern covers the whole area without any gaps arising between the 
flown patterns 

• The total count of all animals seen should be the same as the total population
‒ Assumption is no animals are hidden or obscured by vegetation & the sight and 

noise of the aircraft passing overhead did not cause animals to run away before 
being counted

• Total counts are usually performed over relatively small areas of 100-500 km2 
‒ For logistic and financial reasons

‒ Ideal/optimal size - area of 20 km x 25 km about 400 to 500 kilometers square 
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3.2 Aerial Surveys: Survey Design for Total Aerial Counts 
(Block Counts) (Cont’d)
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3.3 Aerial Surveys: Survey Design for Sample 
Counts
Is achieved by Aerial sample survey flight patterns
• Four (4) main methods to sample livestock populations 

from the air: 
1) Systematic Reconnaissance Flights (SRFs)
2) Stratified Random Aerial Transects (SRAT)
3) Aerial Quadrat Sampling (AQS) 
4) Aerial Block Sampling (ABS)

• All methods derive from approaches originally 
developed to assess wildlife populations  
(Norton-Griffiths, 1978; ILCA, 1981; Clarke, 1986)
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3.3 Aerial Surveys: Survey Design for Sample 
Counts (Cont’d)
Systematic Reconnaissance Flights (SRFs) - (Norton-Griffiths, 1978; ILCA, 1981; 
Clarke, 1986)

‒ In SRF surveys, a series of parallel flight lines are flown at equal distance from each 
other across the designated area 

‒ Each flight line is divided in sectors equal in length to the flight line spacing, to create 
a grid over the entire area . 

‒ Within each strip flown, only a part of the area is counted (the grey strips to the right 
in Figure 12)

‒ In SRFs, only a part of the area is counted. Instead of flying tracks that are 
immediately adjacent to each other in terms of coverage, gaps arise between the 
counted strips ( difference between aerial censuses and aerial sample surveys)

‒ A known proportion of the area is counted. Animal Observations for each flight line 
or grid cell are then added together and calculated as densities

‒ Population estimates are derived by multiplying the counted areas’ density by the 
total area

‒ Method advantageous in case of large, inaccessible areas, for which there are no 
reliable ground counting frames and no prior assumptions on livestock distribution
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3.3 Aerial Surveys: Survey Design for Sample 
Counts (Cont’d)
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3.3 Aerial Surveys: Survey Design for Sample 
Counts (Cont’d)
Stratified Random Aerial Transects (SRAT) - (Norton-Griffiths, 1978; Anon, 1986) 

‒ In Stratified Random Aerial Transect surveys, the area of interest is divided 
into various zones or strata with similar ground cover characteristics – such 
as vegetation cover or land form 

‒ Random flight lines are flown across each zone (Figure 13) 
‒ This provides a sample of the land within each zone or stratum
‒ The observations for each zone or stratum are added together and 

calculated as densities, from which population estimates for each zone or 
stratum are derived. 

‒ These can then be used to calculate the total population, although 
statistical advice should be sought on estimating the confidence interval or 
range. 

‒ Method is suitable for large, inaccessible areas, for which no reliable 
ground counting frames are available
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3.3 Aerial Surveys: Survey Design for Sample 
Counts (Cont’d)
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3.3 Aerial Surveys: Survey Design for Sample 
Counts (Cont’d)
• Aerial Quadrat Sampling (AQS)

‒ The sampling units are quadrats (rectangles) located within the 
census zone in some suitable random fashion. The selected quadrats 
are marked on a map of the census zone (Norton-Griffiths, 1978). 

‒ The aircraft visits each one of them to locate and count all the 
animals therein.

• Aerial Block Sampling (ABS)
‒ Is very similar to quadrat sampling, except that the sample units are 

blocks demarcated by physical features (rivers and stream, roads and 
tracks, hills, ridge tops, edges of woods, etc.) - Norton-Griffiths 
(1978)

‒ A sample of blocks may be selected by locating random points in 
space, or by making a list of blocks with their size to enable a 
random sampling process, with equal probability or probability 
proportional to size.
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3.4 Aerial Surveys: Survey Design for Sample 
Counts: Cost Comparison 

• Transect method preferable to quadrat or block 
sampling
 Less costly (Transect 40% ≤ Quadrat, ILCA 1979)
 Easy navigation (less fatigue of crews)  and less 

boundary effects 
 Low sample errors

• COST COMPARISON of the various aerial sampling 
methods in next slide Norton-Griffiths (1978) 
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3.4 Aerial Surveys: Survey Design for Sample 
Counts: Cost Comparison (Cont’d)

Domain Transects Blocks/Quadrants

Cost Less expensive. Sampled transects 
are parallel to each other. Less time 
to fly to sampled area.

More expensive

Navigation Easy More difficult

Boundary 
effects

Both methods suffer boundary effects i.e. difficult to decide 
whether an animal is within or outside of the sample unit. 

Counting Aircraft passes along each transect 
line only once. One chance for  
observers to locate or count 
animals. 

Better counting. Aircraft 
makes as many passes as 
are required

Sample error Less sampling error More sampling error

Fatigue Less fatigue More fatigue
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End of  SURVEY DESIGNs for AERIAL SURVEYS 

Any questions? 
Let’s proceed to 

the 
ESTIMATORS
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3.5 Aerial Surveys: Estimators

• When livestock are enumerated by means of Aerial 
Sampling . . .

• The estimation procedure consists of estimating the 
density of animals in the sampled area and then 
calculating the total number of animals, by 
multiplying the density in sampled area with the 
total area of the survey

• Let us consider a case of stratified aerial sample 
count
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3.5 Aerial Surveys: Estimators (Cont’d)

Notations:
• M = total number of units (transects, quadrats, blocks…)
• A = total area of census zone
• H = number of strata
• Ah = area of stratum h
• Mh = number of units of stratum h
• mh = number of sample units of stratum h
• aih = area of sampled unit i of stratum h
• yih = number of animals counted in sampled unit i of 

stratum h
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3.5 Aerial Surveys: Estimators (Cont’d)

Population estimation
• The density of animals in stratum h is estimated as 

follows

• The total population     of stratum h is:

• The total population     of census zone  is 

∑
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3.5 Aerial Surveys: Estimators (Cont’d)

Variance
• Let be the variance between the numbers of animals 

in the sampled units of stratum h

• Let be the variance between the areas of the 
sampled units of stratum h
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3.5 Aerial Surveys: Estimators (Cont’d)

• Let Syah be the covariance between the numbers of 
animals and the areas of the sampled units of 
stratum h
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3.5 Aerial Surveys: Estimators (Cont’d)

• The Variance of the total population         is
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End of  PRESENTATIONS

Let’s 
discuss/reflect 

together for a few 
minutes.

1. Is there any survey designs/estimators that 
are difficult to understand?

2. Are the survey designs satisfactory to your 
country context? Any challenges? 

3. Let us suggest & discuss improvements to 
challenges you just noted.



88

Reference
Global Strategy to Improve Agricultural and Rural 
Statistics (2016). Guidelines for the Enumeration of 
Nomadic and Semi-Nomadic (Transhumant) 
Livestock, Rome, Chapter 3.
Available at http://gsars.org/en/guidelines-for-the-
enumeration-of-nomadic-and-semi-nomadic-
transhumant-livestock/

http://gsars.org/en/guidelines-for-the-enumeration-of-nomadic-and-semi-nomadic-transhumant-livestock/


Thank You
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