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ARTICLE INFO ABSTRACT

Keywords: Accurate estimations of the biomass and value of livestock in Indonesia are of great use in supporting investment
Biomass decisions by the public and private sector and as a basis for estimating the losses due to animal disease.
Herd dynamic model Biomass and the partial direct use value for key livestock species (cattle, buffalo, sheep, goats, pigs, chickens)
Indonesia . . . . .

X for all provinces of Indonesia were derived from secondary data using a novel spreadsheet-based model. Using
Livestock value A .
Policymaking beef cattle as an example, we also explored the use of a herd dynamics model to validate base data on pop-

ulations and productivity used to generate biomass values, and these were found to be generally robust.

Total partial direct use value of livestock is estimated to be almost USD54 billion in 2021, comprising almost
USD33 billion of population value and almost USD21 billion of production value. Beef cattle account for 44% of
total value and chicken (broiler, layer and native chickens) account for a further 36% of the total.

Breaking the data down by province reveals the regional importance of some livestock types that are of
relatively minor importance nationally (pigs in East Nusa Tenggara and sheep in West Java). It also reveals the
importance of livestock in the poorest provinces of Indonesia, where livestock acts as a store of wealth and serves
socio-cultural purposes.

1. Introduction

Livestock production is important to Indonesia, contributing to rural
livelihoods, the supply of food of high nutritional value, and reducing
reliance on imports of animals and their products. Across all provinces of
Indonesia, a majority of the rural population keep at least one type of
livestock. There are also significant commercial broiler and layer sectors
in East and West Java as well as a large cattle feedlotting industry in
Lampung and West Java based on fattening cattle from Australia and

other countries, including Brazil. Demand for bovine meat is also partly
met through imports of beef and Indian Buffalo Meat (Chang et al.,
2020).

Livestock also play an important socio-cultural role in many parts of
Indonesia; cattle, buffalo, sheep and goats are sacrificed on Eid al Adha
(Sari and Adi, 2021), buffalo are used in traditional ceremonies in South
Sulewesi (Sirajuddin et al., 2023), pigs in East Nusa Tenggara have
cultural and social value (Deze and Pello, 2022; Leslie et al., 2015),
sheep have historically had an important economic and religious role in
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Fig. 1. Components of Economic Value of Livestock. Items included in the partial direct use value calculated in this paper are shaded in grey.

West Java (Hidayatuloh et al., 2019; Udo and Budisatria, 2011) and
cattle racing is used to celebrate the rice harvest in Madura, East Java
(Ilmiah and Widodo, 2022; Lutvaniyah et al., 2017; Nugahara et al.,
2015; Sopana et al., 2023; Suprapto et al., 2022).

Acknowledging this widespread importance of livestock, the Indo-
nesian government has prioritised livestock development with the in-
clusion of beef and buffalo meat, chicken meat, and chicken eggs on the
list of key staple foods in the country (Ministry of Trade, 2021). In-
creases in livestock product availability including targets for increased
beef production are included in the 2020-2024 Strategic Plan of the
Ministry of Agriculture (Rafani and Sudaryanto, 2020).

In order for government to develop and implement effective policies
for livestock production, animal health, and environmental protection,
and for businesses to make informed investment decisions, accurate
information on livestock biomass and livestock value is needed (Hun-
tington et al., 2021). Combined measures of livestock biomass and
human biomass can be also used to estimate potential environmental
pressures in different geographic regions (Wolf, 2020).

Accurate measures of biomass and livestock value are also key to
estimating the Animal Health Loss Envelope (Gilbert et al., 2023) as part
of the overall process of estimating the burden of animal diseases
(Jemberu et al., 2022; Rushton et al., 2021). These steps are an integral
part of the framework of the Global Burden of Animal Diseases pro-
gramme (https://animalhealthmetrics.org).

Despite the importance of livestock in Indonesia, there has not yet
been an accurate estimation made of the biomass or total value of
livestock. The aims of this paper are (i) to provide a first estimation of
the biomass and value of key livestock types by province in Indonesia;
(ii) to validate the key population data underlying these estimates using
herd dynamic modelling; and (iii) to assess the sensitivity of biomass and
livestock value estimations to stochastic variations of key input
parameters.

The estimation of livestock value presented in this paper is based on
the concept of Total Economic Value (Bateman et al., 2002). Fig. 1

shows the components of total economic value applied to the livestock
sector as described by (Schrobback et al., 2023). Livestock value consists
of two major parts — the use value and the non-use value. Non-use value
includes the value of livestock as an asset to be passed to future gener-
ations (bequest value), the value to others of having livestock (altruistic
value) and the value that occurs due to the continued existence of
livestock (existence value). Use value of livestock includes: (i) value of
direct use of livestock - this includes the value of the population, the
value of primary outputs (e.g. meat, eggs, milk), secondary outputs (e.g.
manure) and the value of draught power and other services; (ii) value of
indirect use (e.g. cultural uses); and (iii) the value of the option of future
use (e.g. value of genetics).

Source: Adapted from Bateman et al. (2002)

Data on indirect use, option, and non-use values of livestock in
Indonesia is limited to isolated case studies (e.g. (Haq et al., 2019)) or
non-existent. Similarly, data on services provided and the volume of
secondary products produced are not reported at national scales or for
all livestock. In this paper we therefore estimate the partial direct use
value of livestock based on the population value of livestock and the
value of major primary outputs of that livestock over a year. These are
estimated for a range of livestock for each of the provinces of Indonesia.'

The key novel aspects of the research presented in the paper are: (i)
one of the first estimations of biomass and livestock value at sub-
national level in a developing country; and (ii) the use of two step
parameterization and projection herd dynamic modelling to validate
underlying population levels and herd composition used in calculating
biomass and livestock value.

! During the time period under analysis, Indonesia had 34 provinces. As of
2022, Indonesia has 38 provinces.


https://animalhealthmetrics.org
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Table 1
Average Liveweight by Livestock Type.

Livestock Type Standard average liveweight per head (kg)

Dairy Cattle 250
Buffalo 250
Pigs 70
Goats 20
Sheep 20
Broiler Chickens 1.5
Layer Chickens 1.5
Local Chickens 1.5

2. Materials and methods

Using a custom-developed spreadsheet model in Microsoft Excel
(Microsoft, 2018), we calculated the biomass and partial direct use value
of major livestock species and the biomass of humans in Indonesia from
2017 to 2021 at national and provincial levels based on national sta-
tistics data on populations and productivity. Because beef cattle make
the largest contribution to livestock biomass and value, analysis of beef
cattle biomass and value was further disaggregated by breed, sex, and
age classes.

The validity of the population and herd structure figures underlying
the calculation of beef cattle biomass and value was tested using a two-
step parameterization and projection process in a herd dynamic model.
The robustness of estimations of biomass and value was tested via a
sensitivity analysis of the value of model output resulting from sto-
chastic variations of key model inputs.

2.1. Data

Estimates of biomass and partial direct use value of livestock were
based primarily on secondary data available from the Indonesian Bureau
of Statistics and the Directorate General of Livestock and Animal Health.
This is supplemented with data from publications based on recent beef
cattle research projects in Indonesia. Annually updated data was used in
most cases, but in some instances — for example for average liveweight
per head, we had to apply the same values across multiple years as this is
all that was available.

Population data by province for dairy cattle, buffalo, sheep, goats,
broiler chicken, layer chicken, local chicken, pigs, and humans were
sourced from Statistics Indonesia (Statistics Indonesia, 2018b, 2019b,
2020b, 2021b, 2022a). Beef cattle population information was available
in more detail than for other livestock types and more accurate esti-
mations of population were possible. Parameters relating to the pro-
portion of population of beef cattle by breed, sex and age group in each
province were sourced from the national survey of beef cattle and buf-
falo conducted in 2011 (Statistics Indonesia, 2011). These parameters
were combined with provincial cattle population figures for each year to
give an estimate of the population disaggregated by breed, age, and sex
for each province.

Average liveweights for all livestock types except beef cattle were
assumed to be the same as the standard liveweight per head used for
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calculations of livestock price statistics in Indonesia (Statistics
Indonesia, 2021a), and the same values are used for each year of our
analysis (Table 1). Average per capita weight of humans was taken from
(Walpole et al., 2012).

There are substantial differences in the average liveweight of
different beef cattle breeds within Indonesia. For this reason, and
because population data was also available for different breeds and
classes of beef cattle, estimates of beef cattle weights for different breeds
and sex and age categories were obtained from the literature (Table 2).
Estimates for Bali and Madura cattle weights were based on the field
surveys of Latulumamina (2013) and Prihandini et al., (2020), respec-
tively. Ongole cattle weight estimation by sex and age is based research
station (Adinata et al., 2022) and on-farm data (Antari et al., 2014;
Mayberry et al., 2014) in East Java. There was insufficient information
available on what breeds were included in ‘other cattle’, and liveweight
data of Ongole cattle were applied. As was the case for other livestock
species, the same values were applied across each year of the analysis.

Output data was collated for animals slaughtered, milk production
and egg production. The number and slaughter weight of beef cattle, cull
cow, buffalo, pigs, goats, and sheep slaughtered by province are sourced
from Statistics Indonesia annual publications (Statistics Indonesia,
2017b, 2018e, 2019d, 2020d, 2021d). Culled cows could be either beef
or dairy cattle breeds, but the data do not acknowledge this distinction.
For the purpose of this analysis, we assume that the proportion of cull
cows that come from dairy cattle are the same as the proportion of dairy
cattle within the overall cattle population within each province.

For beef cattle, buffalo, pigs, goats and sheep, the number of animals
slaughtered is reported for both within and outside slaughterhouses.
Sheep slaughter weights are not reported but were assumed to be the
same as for goats within the same province (see for example the use of
identical sheep and goat weights by age in studies such as Budisatria
et al. 2010). Milk output by province was obtained from statistical
yearbooks (Statistics Indonesia, 2018d, 2019c¢, 2020c, 2021c, 2022b).
Egg production by province from layer chickens and local chickens is
given in the annual publication “Livestock in Figures” (Statistics
Indonesia, 2018b, 2019b, 2020b, 2021b, 2022a).

Average monthly farmgate livestock prices per head for cattle, buf-
falo, pigs, goats, and chickens for all provinces were sourced from Sta-
tistics Indonesia (Statistics Indonesia, 2017a, 2018a, 2019a, 2020a,
2021a). Price per head of sheep in each province is not reported and was
assumed to be the same as the price per head of goats in the same
province. Prices per kilogram of liveweight for all livestock types were
derived by dividing the per head prices by the standard weights shown
in Table 1.

Per kilogram farmgate prices for slaughter cattle, cull cows,
slaughter buffalo, slaughter goats, slaughter sheep and slaughter pigs are
assumed to be the same as the per kilogram average prices for each
livestock type. While there may be differences in the actual farmgate per
kilogram prices of different classes of livestock (for example cull cows vs
slaughter cattle) these differences are assumed to be accurately captured
in the process of deriving an average per kilogram price for each live-
stock type.

Price of milk per litre was obtained from unpublished data from the

Table 2
Sub-categories of beef cattle population and average liveweight (kg) at different ages by breed used for beef cattle biomass calculation.
Male Female
Calf Young Adult Calf Young Adult
2-4 years 4-6 years >6 years
Bali Cattle 160 187 281 100 214 229 251 265
Madura Cattle 122 192 306 121 190 282 282 282
Ongole Cattle 200 284 450 197 250 315 387 387
Other Cattle 200 284 450 197 250 315 387 387
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Table 3
Livestock Types and Key Outputs Included in Value Calculations.

Livestock Type Outputs

Beef Cattle Slaughter Cattle, Cull Cows
Dairy Cattle Milk, Cull Cows

Buffalo Buffalo for Slaughter

Pigs Pigs for Slaughter

Layers Eggs

Broilers Broilers

Local Chickens Eggs

Sheep Sheep for Slaughter

Goats Goats for Slaughter

Directorate General of Livestock and Animal Health Services. Farmgate
price of layer eggs per kg and native chicken eggs per 10 eggs are
available from Statistics Indonesia (Statistics Indonesia, 2017a, 2018a,
2019a, 2020a, 2021a).

Inflation data (CPI change) to derive a composite index for inflation
from 2017 to 2021 for Indonesia was obtained from the annual statis-
tical yearbooks of 2022 and 2019 (Statistics Indonesia, 2019¢, 2022b).
Gross Provincial Domestic Product (GPDP) figures were obtained from
the Annual Statistical Yearbook of 2022 (Statistics Indonesia, 2021c¢)

2.2. Validation of Statistics Indonesia population data using herd
dynamic model

The limitations of livestock surveys and censuses mean that popu-
lation data reported in national statistics may not always be accurate (e.
g.,(Fordyce et al., 2013). As our spreadsheet model is based on the use of
national statistics, herd dynamic modelling was used to validate some of
the key parameters related to beef cattle population and herd structure
that are used to calculate biomass and livestock value. The DYNMOD
herd dynamic model (Lesnoff, 2013) was used to cross-check the reli-
ability of herd growth, slaughter numbers, herd structure and overall
population for reported for beef cattle by Statistics Indonesia.

The validation was done as a two-step process. First, a set of pa-
rameters for 2018 from Statistics Indonesia (average carcass weight,
overall population, average age at slaughter by sex) were combined with
estimations of unknown parameters (mortality rates by age and sex,
parturition rates were initially seeded with the default values for cattle
from DYNMOD). These unknown parameters were then progressively re-
estimated and used as inputs to the STEADY1 module of DYNMOD to
over a series of re-estimations to generate a herd structure that would
broadly align with the Statistics Indonesia reported offtake figures for
2018. This generated a herd structure from the 2018 cattle population,
slaughter cattle numbers and a set of fertility and mortality parameters.
The first check of the reliability of the Statistics Indonesia figures is to
examine the herd structure and parameters of the final estimated version
of the STEADY1 module. If the herd structure and parameters that are
needed to generate an approximation of the Statistics Indonesia offtake
levels are within a biologically feasible range for the breed and pro-
duction system (falling within a range of values reported in a recent
review of livestock mortality indicators (Wong et al., 2021) and recent
studies on tropical and sub-tropical cattle production systems,
(including Yitagesu et al. 2022 Budisatria et al. 2021 and Baco et al.
2019) then we can infer some level of reliability of the Statistics
Indonesia figures.

Second, the PROJ herd growth module of DYNMOD was used to
check the robustness of the parameters generated by the first step. The
model was calibrated with the 2018 herd size (Statistics Indonesia,
2019c) as the base and the parameters from the first step were used to
calculate herd growth, herd structure, turnoff numbers and liveweight
slaughter figures until 2021. The generated figures from the herd dy-
namic model for 2021 were then checked against the Statistics Indonesia
figures for the same year to see if there was any consistency. If the pa-
rameters from step 1 fall within the feasible values range defined above
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and the generated population and turn-off figures for a number of years
are consistent between the PROJ module and the figures from Statistics
Indonesia then we can further infer some level of reliability and
inter-temporal consistency in the Statistics Indonesia figures.

2.3. Calculating biomass and the partial direct use value of livestock

The biomass of dairy cattle, buffalo, sheep, goats, pigs, chickens, and
humans in each province is calculated by multiplying the annual pop-
ulation of each species in a province by the average liveweight. Building
on approaches described in Li et al. (2023), the biomass of beef cattle in
each province is calculated by multiplying the population of cattle in
each subcategory (breed, age, sex) by the estimate of average liveweight
per head of cattle in that sub-category. For all species, national biomass
is estimated by summing provincial biomass estimates.

Similar to the calculations used by Jemberu et al. (2022) in the
Global Burden of Animal Diseases case study in Ethiopia, the partial
direct use value of livestock was calculated as the sum of the value of the
population of each species and the value of outputs produced (see
Table 3).

The population value of each livestock population was calculated by
multiplying the biomass of the population by the average price per head
and divided by the average liveweight per head. This calculation was
done for each province and summed to provide a national estimate.

For beef cattle, buffalo, pigs, goats and sheep, the number of animals
slaughtered in slaughterhouses counted as outputs in each province are
calculated by taking the total reported numbers of slaughterhouse
slaughtered animals, adding the number of slaughter animals sent
outside the province for slaughter and subtracting the number of
slaughter animals from other provinces slaughtered in the province. This
calculation was done separately for each species, with the process
described in Egs. (1) to (5).

Vg = PopV + ProdV (@D)]
Pl';[
PopV,, = | Biog*| — 2
) o
Bioy = Popy*Wy 3
Bioy = Poppy ™ Wrs,an (beef cattle only) @
% Prrl %
ProdVy = | (Slsy + Slog)* W *Slwg 5)
sl
Where: Vg = Partial Direct Use Value of species s in Provincel PopVy =

Population Value of species s in Province l ProdVy = Farmgate Production
Value of species s in Province Bioy = Biomass of species s in Province [
(Except beef cattle) Popy = Population of species s in Provincel Wq =
Average weight of Species s in province | Bioy, = Biomass of beef cattle
in Provincel =~ Popqpy, 4, = Population of cattle by breed and Age group in
Province Wiy an = Average weight of cattle by breed and age group in
provincel Prg = average price of species s per head in provincel  Slsq =
number of head of species s slaughtered in slaughterhouses in province 1
Slog = number of head of species s slaughtered outside slaughterhouses in
provincel  Slwg = Average slaughterweight of species s in provincel 1=
provinces of Indonesia (1...... 34) Tb = breeds of beef cattle (Bali,
Onggole, Madura,Other) Ab = Age group of beef cattle (male calf, male
young, male adult, female calf, female young, female 2-4 years, female
4-6 years, female over 6 years)

The partial direct use value of dairy cattle in a province in each year
is calculated as the sum of the value of the dairy cattle population in the
province and the value of the outputs produced by that dairy cattle
population (milk and cull cows). The value of milk production is
calculated by multiplying the quantity of milk in litres produced per
province by the average farmgate price per litre of milk. Cull cow value
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Table 4
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Differences between Official and PROJ module generated population and offtake figures 2018-2021.

Population (heads)

Offtake (heads)

Statistics Indonesia PROJ module generated

% difference

Statistics Indonesia PROJ module generated % difference

2018 16,432,945 16,432,945 BASE YEAR 1380,203 1380,203 BASE YEAR
2019 16,930,025 17,253,501 1.9% 1357,774 1137,099.00 -16.3%
2020 17,440,393 17,900,633 2.6% 1592,920 1302,567.00 -18.2%
2021 17,977,214 18,374,866 2.2% 1547,062 1412,094.40 -8.7%
Reported data from (Statistics Indonesia, 2018e, 2019d, 2020d, 2021d, 2022a)

18

16

14

12

H Adult, Male

Cattle Population (million head)
o 0 5

IS
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2018 Statistics 2018 PROJ
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2019 Statistics 2019 PROJ
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m Juvenile, Female

2021 Statistics 2021 PROJ
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Fig. 2. Herd structure generated by PROJ module compared to Statistics Indonesia reported herd structure 2018-2021.

is calculated by multiplying the number of cull cows slaughtered by
province by the average slaughter weight in kg (Statistics Indonesia,
2021d) and the average price per kg for cattle in the province (Statistics
Indonesia, 2021a).

As the production cycle of commercial broiler chickens are much less
than one year, the partial direct use value of broiler chickens within a
province for a year is calculated by multiplying the total number of
broilers in all cycles over the year by the average weight per head and
the average price per kg for chickens in the province (Statistics
Indonesia, 2021a).

The partial direct use value of commercial layer chickens and native
chickens (defined as local breed multipurpose chicken) in a province in
each year is calculated as the sum of the value of the commercial layer
chicken population and the native chicken population in the province
and the value of the outputs produced by that population - eggs. Egg
value is calculated by multiplying the number of kilograms of eggs (for
commercial chickens) or number of eggs (for village chickens) (Statistics
Indonesia, 2022b) produced per province by the average price per kg or
per egg in the province (Statistics Indonesia, 2021a).

2.4. Sensitivity analysis

The calculated biomass figures and the calculated partial direct use
value of livestock in 2021 are based on the interaction of numerous
input parameters, including livestock population levels, weights of
various livestock types, and prices of animals and outputs.

We developed a custom sensitivity analysis model implemented in
Microsoft Excel to perform two categories of sensitivity analysis. The
first category is an estimation of the probability distribution of output
values derived from simultaneous variations of key input parameters
following a triangular distribution (Fairchild et al., 2016). Key charac-
teristics of the triangular distribution can be seen in Egs. (6), (7), and

(8).

mean = <¢1+3ﬂ) 6)

)

a* + b +c* —ab — ac — bc
18

variance = (

And the cumulative distribution function is:
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Fig. 3. Livestock biomass by livestock type in Indonesia 2017-2021.
0.x<a 20% following a triangular distribution while holding all other input
values at their mean level. Sequentially performing this analysis for each
key input values enables the estimation of the relative impacts of each
(x— 0)2 a<x<bh key input on the distribution of output values.
(c—a)b—a) —  —
F(x|a,b,c) = ® 3. Results
(c—x)’
1- b<x<c Lo L . . .
(c—a)(c—b) 3.1. Validation of Statistics Indonesia population data using herd
dynamic model
Lx>c

Where:a = lower limit of distributionb = peak value of distribution;
andc = upper limit of distributionx = the value of the variable with a
triangular distribution

A distribution of total livestock biomass was estimated using 10,000
iterations of a Monte-Carlo simulation (Doubilet et al., 1985). A set of
input parameters (cattle weight, buffalo weight, chicken weight, goat
weight and sheep weight) were simultaneously varied based on trian-
gular distributions where the peak value for each parameter was set as
the value used for the main calculation of biomass and the lowest value
and highest value were set as 20% below peak value and 20% above
peak value respectively. The actual variability of key input parameters is
not known, so a nominal figure of 20% was used in order to gauge the
relative variability of inputs and outputs.

The same technique was used to estimate the distribution of the
partial direct use value of livestock by varying livestock price parame-
ters (cattle price, buffalo price, chicken price, goat price and sheep price)
and output price parameters (egg price, milk price).

The second category of sensitivity analysis performed on the biomass
and livestock value calculations was to vary single input values by +/-

Using the reported 2018 cattle population (Statistics Indonesia,
2019c) as an input to the STEADY1 module, an iterative approach was
used to arrive at a set of mortality and fertility parameters that would
generate a cattle offtake figure comparable to the Statistics Indonesia
figures for cattle offtake in 2018 (Statistics Indonesia, 2019d). The
fertility and mortality parameters are summarised in the supplementary
section and are well within a feasible range for a tropical intensive and
semi-intensive production system. This implies a level of reliability of
the official figures.

The estimated total population levels generated by the PROJ module
of the herd dynamic model for the years 2019-2021 were only around 2
percent larger than the figures from Statistics Indonesia (Table 4). This
implies that the age structure, fertility, and mortality parameter values
generated in the STEADY1 module of the herd structure model are able
to be used to generate a total herd growth simulation over the
2018-2021 period that is consistent with the Statistics Indonesia pop-
ulation figures. The PROJ module prediction of offtake quantities in
2021 is less consistent with the official figures, with an estimate of
1412,094 head - around 8.7% lower than that reported by Statistics
Indonesia.

The difference in offtake levels may be due to slaughter figures from
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Statistics Indonesia including imported slaughter cattle in addition to
Indonesian born cattle while the PROJ module is generating based on
offtake from the Indonesian herd only. The variation may also be due to
the fact that slaughter numbers generally are more variable than pop-
ulation numbers as offtake levels are dependent on many different fac-
tors, rather than just on bio-physical parameters.

Table 3 shows differences in population structure between herd
structures generated by the PROJ module and the reported herd struc-
ture from Statistics Indonesia. The generated structure tends to over-
estimate the number of adult males and underestimate the number of
adult females (see Fig. 2).

The fertility and mortality parameters generated by the STEADY1
module are within a feasible range for Indonesia and those parameters
can be used to generate a consistent population growth trajectory for the
cattle herd. While there are differences in the offtake figures generated
by STEADY1 module and the reported figures and some differences in
generated herd structure these are relatively minor compared to the
total biomass and livestock partial value levels. Therefore we conclude
that it is reasonable to use the Statistics Indonesia figures as inputs to our
novel spreadsheet model and as a basis for calculating biomass and
livestock partial use value.

3.2. Biomass

Overall livestock biomass in 2021 was estimated at 12.2 million tons.
This is just over 77% of the estimated human biomass in Indonesia of
15.8 million tons in the same year and represents an increase from 11.5
million tons in 2017. The increase in total livestock biomass was driven
mainly by an increase in the beef cattle population, from 16.43 million
to 18.05 million animals (Fig. 2 and Table 3 in Supplementary Mate-
rials). There was little variation in biomass of local chickens (0.46 +

0.013 million tons (mean + SD), goats (0.37 + 0.007), sheep (0.35 +
0.008) and dairy cattle (0.14 + 0.004), but there were decreases in the
biomass of broilers, buffalo, pigs, and commercial layer associated with
specific events.

Total national livestock biomass is dominated by beef cattle’ and
broiler chickens, which contributed on average 38% and 39% of the
total biomass, respectively between 2017 and 2021. The remaining
livestock types combined contribute an average of 23% of total biomass
(Fig. 3).

Geographically, livestock biomass is concentrated in Java, with East
Java, Central Java and West Java together accounting for almost 50% of
the total livestock biomass of Indonesia (Fig. 4). East Java has the largest
population of beef cattle and West Java has the largest population of
broilers.

The livestock biomass per square kilometre for Indonesia in 2021 is
6.37 tons. This figure varies significantly between provinces, with Bali
and the densely populated provinces of Java each having more than 40
tons of livestock biomass per square kilometre and the less densely
populated provinces in Kalimantan, Maluku and Papua having biomass
figures of less than 1 ton per square kilometre.

The strong positive correlation between provincial levels of livestock
biomass and human biomass (Fig. 4) reflects the dominance of small-
holder production systems and the concentration of livestock in more
densely human populated provinces. Livestock biomass is greater that

2 1t is worth noting that the biomass calculated for beef cattle in 2021 (around
4.768 million tons) using our detailed method is only around 6 percent greater
than a biomass estimate for beef cattle using a simple calculation of population
x 250 kg/head -the average value used by Statistics Indonesia (Statistics
Indonesia. 2018e. Statistics of Livestock Slaughtered. Badan Pusat Statistik.).
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Fig. 7. Percentage change of livestock partial direct use value due to price change and biomass change 2017-2021.

human biomass in East Java, Bali, Nusa Tenggara, South Sulawesi and
Gorontolo. Livestock biomass is almost twice that of human biomass in
East Nusa Tenggara. Fig 5

3.3. Partial direct use value of livestock

The partial direct use value of livestock was USD 52.19 billion® in
2021 and has increased by 22% from USD 42.75 billion in 2017
(Table 3). This increase was driven by an increase in the partial direct
use value of beef cattle (from USD 17.59 billion to USD 23.19 billion).
Similar to biomass, the partial direct use value of livestock was domi-
nated by beef cattle. However, the relative contribution of broilers was
smaller, contributing 15% of partial direct use value in 2021.

Cattle have huge population value, but productivity (output value
per asset value) is relatively low. In comparison, the productivity of
poultry is high, with a relatively low value of population producing a
large value of outputs per year (Fig. 6).

Changes in the partial direct use value of livestock between 2017 and
2021 can be attributed to changes in biomass and unit prices of livestock
(in constant 2017 USD). As shown in Fig. 7, for most livestock types,
both the change in biomass and the change in prices were positive be-
tween 2017 and 2021. Price changes had a larger impact on value
change between 2017 and 2021 than biomass change for almost all
livestock types, except for dairy cattle and broiler chickens.

The partial direct use value of livestock in 2021 by province varies
between USD17 million in Jakarta (official statistics report very low
numbers of livestock in the capital region) and more than USD13.3

3 The figures reported here are calculated on the basis of constant 2017 USD,
deflated by Indonesian CPI increases.

billion (in East Java) (Fig. 8a). Livestock value is significantly concen-
trated on the island of Java, which accounts for USD29.2 billion of
livestock value in 2021 (54% of total value). This reflects the high levels
of livestock biomass in most provinces of Java.

Per capita partial direct use livestock value is highest in the province
of East Nusa Tenggara at a value of almost USD360 per person in 2021
(Fig. 8b). The high per capita value of livestock in the province reflects
the importance of cattle and pigs as stores of household wealth.

The relative importance of the livestock sector to the overall econ-
omy of a province can be estimated by comparing the partial direct use
value of livestock to the Gross Provincial Domestic Product (GPDP) — an
example for Nepal is given in (Rushton, 2009). This figure is highest in
the province of East Nusa Tenggara (Fig. 8d), where the partial direct
use value of livestock is equivalent to 25% of the GPDP. This reflects the
widespread holdings of cattle and pigs by households and that the GPDP
of East Nusa Tenggara is relatively low.

3.4. Sensitivity analysis

The distribution of biomass and partial direct use values generated
by the stochastic estimation of key input parameters fits a normal dis-
tribution as determined by graphical interpretation and by using the
Kolmogorov-Smirnov test (Mishra et al., 2019) (Table 5).

The sensitivity of total livestock biomass to a +/- 20% variation of
different input parameters is shown in Fig. 9a. Given the dominance of
chicken and cattle in the overall level of biomass, it is not surprising that
the partial direct use value of livestock is most sensitive to changes in the
average weight of cattle and the average weight of chickens used in the
calculations. A 20% variation in the average weight of chickens will
cause the overall biomass to vary by 9.3% and the same variation for
cattle weights causes an 8.1% change in biomass. Table 6
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Table 5
Partial Direct Use Value of Livestock in Indonesia 2017-2021 (constant 2017
USD billion).

2017 2018 2019 2020 2021
Beef cattle 17.6 18.9 20.5 21.0 23.8
Layer chicken 7.45 7.83 7.99 8.83 8.84
Broiler chicken 7.93 8.19 8.23 7.40 8.09
Goats 1.99 2.00 2.14 2.25 2.82
Native chickens 1.79 1.72 1.91 2.41 2.53
Sheep 1.72 1.67 1.89 1.91 2.49
Pigs 1.81 1.81 2.06 1.97 2.40
Buffalo 1.39 0.98 1.26 1.21 1.40
Dairy cattle 1.09 1.12 1.13 1.15 1.26
Total 42.7 44.2 47.1 48.2 53.7

The sensitivity of the partial direct use value of livestock to the
variation of different input parameters is shown in Fig. 9b. Variations in
cattle price have the largest relative impact on livestock value, with a
20% variation in cattle prices leading to a variation of 9.2% in livestock
value. Variations of 20% in the chicken price and egg price have an
impact on livestock value of 3.7% and 3.5% respectively.

The sensitivity analysis shows that the estimates of biomass and
livestock value are relatively robust and can provide a reliable basis for
further research activities and development of policy recommendations.

4. Discussion

This paper provides the first published estimates of the biomass and
partial direct use value of livestock in Indonesia. The estimated partial
direct use value of livestock populations and production in 2021 was
USD53.66 billion, around 4.5% of the overall GDP of Indonesia. In
comparison, overall value added in agriculture, forestry and fisheries
accounted for around 12.4 percent of GDP in 2022 (Statistics Indonesia,
2022b).

Livestock value estimation can be useful for policymakers in terms of
lobbying for resources for the sector, and as a basis for determining
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policies in financing, especially to maintain the existence and growth of
livestock through preventing and eradicating livestock diseases, and
supplying raw materials for prepared healthy food (Huntington et al.,
2021). Having a detailed breakdown of the value of livestock by live-
stock type and by province can greatly assist in performing cost-benefit
analyses of policies related to livestock development and animal health
(Nathues et al., 2017).

Overall biomass and partial direct use value of livestock is concen-
trated on Java island, especially East Java and West Java provinces.
Dense populations in small geographic areas combined with high pro-
duction values imply that disease control measures, including vaccina-
tion campaigns and biosecurity measures, could have relatively high
benefit-cost ratios in these areas. In comparison, while the absolute
values of biomass and partial direct use value of livestock in outlying
provinces (including East and West Nusa Tenggara) are low, the per
capita values are much higher than in any other part of the country. The
biomass of livestock in East Nusa Tenggara is more than double the
human biomass in this region, and the partial direct use value of live-
stock per person is the highest in the country. Significantly, much of this
value is in beef cattle, which are used as a store of wealth in rural areas.

Table 6
Descriptive statistics on distribution of biomass and partial direct use value of
livestock estimated from stochastic inputs.

Biomass Partial Direct Use Value
(kg) (USD)
Mean 12,199,422 53,655,542,202
Standard Deviation 621,885 2332,636,246
N 10,000 10,000
Confidence Level (95.0%) 12,190 45,724,365
Lower Bound (95% of sample 11,005,622 49,117,318,054
data)
Upper Bound (95% of sample 13,416,277 58,157,177,727
data)

Note: livestock value reported here is in 2021 USD.
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Fig. 9. Tornado plots of sensitivity of a) biomass and b) livestock value to +/- 20% changes in input values.
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Any development policies in this region should take into account the
potentially devastating livelihood implications of animal disease in
these provinces, already the poorest in the country.

A decrease in broiler biomass in 2020 was caused by the COVID-19
pandemic leading to increased unemployment and decreased demand
for chicken meat. This led to a short-term decline in broiler production
over 2020. By 2021, demand for chicken meat had increased and the
population recovered. Decreases in the pig and layer populations were
caused by outbreaks of viral diseases; ASF (African swine fever), which
was first reported in Indonesia in late 2019 and spread across the
country in 2020 and 2021 (Tenaya et al., 2023), and egg drop syndrome
in 2017-2018 (Ilham and Saptana, 2019). The decrease in buffalo
biomass from 0.33 million tons in 2017-0.22 million tons in 2018 was as
least partially due to population decreases associated with inbreeding
pressure and scarcity of male buffalo (Praharani and Sianturi, 2018) and
a revision of the population calculation based on the SUTAS (inter--
census survey) in 2018 (Statistics Indonesia, 2018c).

Overall livestock biomass is 75% of human biomass. Provinces
already burdened with high levels of human biomass per km? also have
increasingly high livestock biomass burdens. Significant biomass loads
per km?, especially in Java and Bali, are leading to pressure on resources
(e.g. water and land) and the environment. The co-location of high
human and livestock biomass also indicates increased risks for trans-
mission of zoonotic diseases. When designing policies to increase live-
stock production nationally, the government should therefore take into
account existing biomass loads and carrying capacity. This would assist
in the development of a comprehensive strategy for expansion of all
livestock (including pigs where culturally appropriate) to provinces with
sufficient capacity to absorb increased biomass.

4.1. Limitations of study

The value of livestock presented in this paper does not include the
significant socio-cultural value of livestock in many parts of Indonesia.
Maintaining the existence of livestock means also maintaining the
continuity of culture, and conversely, maintaining culture also main-
tains the existence of livestock which supports the provision of quality
food to improve the quality of human resources. The total economic
value framework has been used to quantify the cultural and other non-
market values of indigenous cattle breeds in other countries (e.g.,
(Zander et al., 2013; Martin-Collado et al., 2014)), and found this to be
over 80% of the total economic value. Thus, our analysis may under-
estimate the total value of livestock within Indonesia.

There are also data limitations in the calculation of livestock pro-
duction values. This study concentrates on calculation the value of pri-
mary outputs due to the limited availability of data on production and
prices of secondary livestock outputs such as manure and hides. While
output figures include livestock slaughtered in slaughterhouses and
outside slaughterhouses, these figures only represent production that is
formally reported. There may be significant amounts of livestock
slaughtered in the informal sector for local consumption that are not
officially recorded.

Some data series used in calculation of biomass and livestock value
have been adjusted during the time period of the analysis in order to
align with updated information. A key example is a decrease in the re-
ported numbers of buffalo between 2017 and 2018 resulting from Sta-
tistics Indonesia revising figures to follow the results of the BPS SUTAS
(Inter-Census Agricultural Survey (Statistics Indonesia, 2018c).

Two-step parameterization and projection validations of population
and herd structure was undertaken for beef cattle only. This was un-
dertaken as beef cattle contribute such a large proportion of biomass and
value but could also be completed for other species.

4.2. Potential future research

The estimates of biomass and livestock value by species and province
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presented in this paper could form the basis of further research to
generate information to inform policymaking.

First, the livestock value figure presented in this paper can form the
base for calculating an animal health loss envelope (AHLE) for Indonesia
as a whole or on a province by province or species by species basis. The
estimate of livestock value presented in this paper could form the basis
of a “current” estimate of value added in livestock, which could be
compared with an “ideal” estimate of value added to generate an AHLE
for the location/species combination of interest.

Second, based on the provincial estimates of livestock value, a
further deep dive into impacts of disease on livestock value at the
farmgate level could be taken in particular locations relating to specific
species.

Third, future analysis could build on the base provided by this study
to expand to cover the value added of livestock at each stage along the
value chain (Smith et al., 2020). The calculation of value of livestock
presented in this paper is at farmgate level only. The prices used in the
calculation are farmgate prices and the form of outputs corresponds to
outputs at farm level (for example, slaughter cattle rather than beef).
The value chain approach could be expanded to analyse the social,
livelihood and economic impact of animal disease on different value
chain actors following a similar methodology to that used in Timor-Leste
by (Berends et al., 2021) and in Philippines by (Cooper et al., 2022).
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