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Abstract—As the human population continues to grow, the global
growth of the livestock sector will continue to rise as well. In the
Philippines, the demand for chicken meat is projected to triple by
2050. In this study, the increasing consumption and long-term
sufficiency were evaluated with the use of the system dynamics
concept. With system modeling and computer-based simulation
techniques, the available data on chicken meat supply chain were
processed considering that factors behave dynamically. The
simulated model facilitated the forecasting of key variables which
may drop sufficiency from 87% in 2015 to 60% by 2050 if no
proper actions take place in the areas of production and
consumption. As a whole, this study developed and demonstrated
preliminary system dynamics-based and computer based-
approaches in order to understand the chicken meat sector. This
showed that a dynamic systems-based paradigm shift in food and
agricultural systems analysis can help address operational and
strategic issues regarding food security.
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1. INTRODUCTION

As human population continues to grow by an
approximately annual 1.1% percentage, the growth of livestock
sector will continue to rise as well. The demand for meat is
projected to grow by 70% in 2050 with 2005 as baseline. The
poultry sector, which is basically chicken meat (CM) has the
highest growth among meats at 121% [1]. It is a challenge for
poultry sector to satisfy the demand and to align to the mandate
on Sustainable Development Goals (SDG). The sector has to
comply primarily to food security as expressed in SDG #2 Zero
Hunger [2]. One of the tools in achieving this is addressing
food self-sufficiency, which is the ability to meet consumption
needs, especially for staple food items such as meat, from
domestic production rather than by importing. In addressing
food security or food sufficiency, reliable forecasting is the
foundation of all warning systems, in order to give decision-
makers enough time to plan and respond to red flag warnings.
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Forecasting has to have a high degree of reliability to avoid
false alarms. Traditional popular forecasting techniques such as
linear regression and multiple regression are used to examine
the relationship between independent variable(s) and a
dependent variable [3-6]. Their usefulness is considerably
acceptable for simple forecasting requirements. However, the
outcomes are sometimes compromised, especially when the
data are incomplete and correlation might be regarded as
causation.

To consider causation, System Dynamics (SD) approach is
more advantageous. SD is based on the synthesis of various
concepts including operating theory, system theory, control
theory, information feedback theory, decision-making theory,
mechanical systems theory, and computer science. SD can
model the system and analyze the system’s behavior given the
desired parameters over time [7]. In contrast to traditional
forecasting, SD models are more flexible in predicting complex
phenomena due to their dynamic behavior [7, 8]. The SD
models are more reliable since they can estimate the sensitivity
of results to variables and employ stronger scenarios with the
impact of significant changes in strategies or interventions. The
process of establishing the model may seem complex at the
initial model build-up stage. However, rigor and results can be
more significant, especially in forecasting variables in dynamic
systems. SD studies have been done in various industries [8, 9]
and across agricultural and natural resources [10, 11]. On food
supply chain systems, SD has already been applied in rice
production [12-14] and food supply [15, 16], which makes it
appropriate for the poultry sector. Though these studies were
done in food agricultural systems, they were not anchored to
specific timelines of long-terms plans and sustainability goals
on the respective countries.

II.  PHILIPPINE CHICKEN MEAT SECTOR

In Philippines, chicken is the most progressive animal
enterprise. In 2017, the total chicken meat volume production
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in Philippines was 1,344.3 thousand metric tons (TMT). The
industry volume is growing at 3.6% per annum during the last
five years. A total inventory of 140.20 million birds for meat
production has been recorded [17]. In terms of scale, the
industry is characterized by “backyard” and ‘“commercial”
farms/installations. As described by Sikap/Strive Foundation,
rural families run the typical backyard farms, which comprise
around 100 birds of native or improved breeds, which are
raised primarily for their own consumption. On the other hand,
commercial farms have at least 1,000 broilers, or combinations
of at least 100 broilers and 100 layers [18]. The per capita
consumption was 12.7kg in 2017, a 47% rise over a decade.
The increase in local consumption is reported to be attributed to
the changes in lifestyle, income and urbanization [19]. At
present, the government tracks sufficiency expressed in Self-
Sufficiency Ratio (SSR), or the equivalent Self-Sufficiency
Level (SSL), an indicator of adequacy of local food production
to satisfy the demand of the population. For chicken meat, the
SSL at a national level was 92.82% in 2013 but declined to
84.67% in 2016 which is the lowest over a decade. The drop of
8.8% showed the widening gap of production and
consumption. Moreover, this indicated that around 15% of the
demand was not satisfied in 2016 by local production, but was
fulfilled through importation. However, SSL improved back to
96.1% in 2017 with the big improvement in local production
[20]. Total supply is augmented through importations. It
registered 55.49 TMT in 2017. It has been increasing by 2013-
2016 but declined in 2017, which was a manifestation that local
production improved [21]. Total production also utilized
exports. The lowest level of exports was in 2017 at 355 metric
tons which continued the downtrend since 2015 [17].

In terms of cost of production, the highest cost driver is
feeds in both production systems. It accounts for about
approximately 65 to 70% of total live broiler production [22].
Soybean Meal (SBM) is the major source of protein in feeds
production. At present there is a limited soybean local
production which only serves 8% of the country’s requirements
[23]. On the other hand, most feed formulation uses maize as a
primary source for energy. Based on consolidated data in
Global Livestock Environmental Assessment Model
(GLEAM), the baseline mix for broilers is 71% maize, 27%
SBM, and 2% other additives. Based on gathered field data, the
average feed across stages is comprised of 51% maize, 25%
SBM, 9% rice bran, 5% fish meal, 4% copra meal, 2%
vegetable oil, and 4% other additives. For backyard production
the baseline feed is 40% swill, 17.7% grass, 6% cassava, 4.4%
maize, and the rest come from agriculture by-products [24].
However, field data showed that there is no comparable mix
since different backyard operations have different feedings
based on locale availability, practices, and capacity. The
imported feed ingredients have more impact on broiler
production. In terms of feeding, the average feed consumption
is 2-2.5kgs per bird over a 30-day average rearing period while
the amount is 3-3.9kgs per bird for backyard chickens over a
period of 90 days. Another challenge to improve in local
production is technology. Changes in production practices have
increased productivity and capacity. For chicken production,
this is represented by the broiler inventory and native breed
inventory which describe the method and scale of production.

Based on field and GLEAM data, the average mortality rate is
between 2-5% for broiler production, with a marketable
average live weight of 1.6-1.2kg and carcass weight of 1.2-
1.0kg over 30 days. On the other hand, the native breed
inventory characterizes the typical backyard farms. Backyard
chicken would achieve a live weight of 1.3-0.9kg and a carcass
weight of 1-0.70kg over a period of 90 days [18].

An extensive review on the related literature in Philippines
showed that no concrete studies have been done regarding meat
production and consumption from a long-term sufficiency or
sustainability perspective. This paper aims to answer the
questions of “how do we evaluate the long term-sufficiency?”
and “what are the factors that affect the long-term sufficiency
of the Philippine chicken meat sector”. With those in mind, the
following key objectives are namely: to establish a dynamic
model on the impact of increasing consumption to local
production, to simulate consumption and production
projections up to 2050, and to evaluate forecasts and their
implications to sufficiency. The results of this paper can
evaluate the model in terms of long-term sufficiency,
sustainability, and stability to satisfy local consumption in the
future in the Philippine poultry sector. This can be used as a
reference for planning, identifying opportunities, and
conducting relevant researches to improve chicken meat
production in view of achieving SDG 2 by 2050, the timeframe
where SDGs and Paris agreement are referred to. The model
can help agricultural decision-makers and government agencies
to come up with better programs to promote local agricultural
economy and to provide better policies and programs to
address issues related to food security.

III. METHODOLOGY

A. Materials

Statistical data were taken from Philippine Statistics Office,
the official web-based system for food and agricultural
statistical information in Philippines [17] and the global meat
consumption per country by OECD [1]. Production related data
were taken from the related literature and actual fieldwork and
experiments conducted by the authors. Regarding software,
Vensim, a simulation software for Causal Loop Diagram
(CLD) [25] and STELLA (Systems Thinking for Education and
Research) for Stock and Flow Diagram (SFD) [26] were
utilized.

B. Methods

The SD model in this study was primarily anchored on the
methodology presented in [7] that includes a three-step process:
(a) formulation of the dynamic hypothesis, (b) implementation
of the simulation, and (c) testing and validation. This was
further expounded with specific steps as presented in Figure 1,
which serves as the framework of this study. This study is
limited and focused to the forecasting of related variables and
their implications by 2050. No policies or proposed action
plans will be integrated in the model to demonstrate other
functionalities. In ensuring a high level of accuracy of the
model, validation was done with Mean Absolute Percentage
Error (MAPE) [27, 28], a simple yet reliable statistical measure
on forecast accuracy and error of models, as demonstrated in
[29-31]. Forecasting with less than 10% MAPE is considered
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as highly accurate, with 10-20% as good, with 20-50% as
reasonable and forecasting with MAPE greater than 50% is
considered inaccurate [32]. Validating the model was an
iterative stage until the desired MAPE was achieved.

Identify the
Central Issue,
Factors and Scope

v
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Causal Loop
Diagram
x
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Fig. 1. Framework of system modeling and simulation in forecasting long-
term sufficiency

IV. RESULTS AND DISCUSSION

A. Dynamic Hypothesis

The analysis was centered on the factors that influence local
production and consumption. Production is basically driven by
the technology or processes applied to the two methods of
production, broiler and backyard, as quantified in their
respective inventories. On the other hand, consumption is
driven by the population and per capita consumption. The
dynamic hypothesis is illustrated in the CLP and further broken
down to SFD. The timeframe considered is up to 2050, aligned
to the timeframe of SDGs and Paris agreement.

1) Causal Loop Diagram (CLD)

CLD is the visual representation of how variables in a
system interact and interrelate. Auxiliary variables were
included in the CLD that were simply calculations based on the
stock and flows with some discrete event and agent-based
modeling capabilities. To complete the CLD, the polarity links
were rationalized among factors, which were either positive (+)
or negative (-). This signified the influence of one variable to
the other relevant variables. In Figure 2 the CLD of Chicken
Meat Sufficiency is shown. The diagram was anchored on SSL,
the state when local production satisfies local consumption. On
the demand side, local consumption is driven by population
and per capita chicken consumption. While on the supply side,
local production is driven by both broiler and backyard
production, which are influenced by their respective yield and
inventory. Surplus is included in the diagram, which is ideally
the determinant for exportation should there be excesses and
for importation should there be deficits in the supply chain.

2) Stock and Flow Diagram (SFD)

After CLD, model building was done for the SFD. To
ensure that stock and flows were defined accordingly, units
were checked and equations were specified. There were 5
stocks identified, namely population, chicken per capita
consumption, CM, broiler inventory, and backyard chicken
inventory as shown in Figure 3. The core stock in the system is
CM, which is influenced by its inflow converter CM supply
and outflow converter CM utilization. Projection on population
growth is available. For the other 3 growth rates, projections
were based on 20 year historical performance data (1998-
2017). Included in the SFD are auxiliary variables on SBM
usage and maize usage which are relevant in the study to
evaluate the whole context of sufficiency given that they are
imported production inputs.

PR

Backyd st Ay
Bicken Yied Popdatxe Geoath

Fig. 2.

Cause loop diagram of chicken meat production

B. Simulation

To proceed with forecasting, the 4 relevant growth rate data
were used as inputs in STELLA. With the equations set in the
computer software, the values of the various variables in were
generated from the equations in SFD indicated in Figure 4.

C. Validation

To wvalidate the model, the actual consumption and
production from 2008-2017 were compared to their equivalent
simulated data as shown in Table I. MAPE is 8.5% for
consumption and 2.8 % for production, indicating that the
whole model can be considered acceptable with a high level of
accuracy.

D. Forecasting

With the validated model, forecasts can then be generated
from the SFD model. In Figure 5, is the Supply Utilization
Accounts summary of actual and projected variables from 2010
to 2050 is presented. It is indicated that sufficiency level will
drop to 60% by 2050, if no interventions take place.

E. Implications to Long-term Sufficiency

The model showed that consumption will almost triple.
Also, it can be seen that there is no room for exportation in
order to serve its own requirements. Moreover, 40% of the
requirements will be satisfied from chicken meat importations.
This can be a red flag, knowing that chicken price has been
rapidly increasing in the global market.
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Fig. 3.

-] Backyard_Chicken_Inventory(t) = Backyard_Chicken_Inventory(t - df) +
(Backyard_Chicken__Inventory_Growth) * dt
INIT Backyard_Chicken_Inventory = 79838790
INFLOWS:

< Backyard_Chicken__Inventory_Growth =

Backyard_Chicken_Inventory*(Backyard_Chicken_Inventory_Growth_Rate/100)

Broiler_Chicken_Inventory(t) = Broiler_Chicken_Inventory(t - dt) + (Broiler_Chicken__InventoryGrowth) * d
INIT Broiler_Chicken_Inventory = 68109150

O

INFLOWS:
<% Broiler_Chicken__InventoryGrowth =
Broiler_Chicken_Inventory*(Broiler_Chicken_Growth__Rate/100)
Chicken_Meat(t) = Chicken_Meat(t - dt) + (Chicken_Meat_Supply - Chicken_Meat__Consumed) * dt
INIT Chicken_Meat = 0
INFLOWS:
5 Chicken_Meat_Supply = Chicken_Meat_Imports+Chicken_Meat_Production
OUTFLOWS:
<% Chicken_Meat__Consumed = Chicken_Meat__Demand
Chicken_Meat_Consumption_per_Capita(t) = Chicken_Meat_Consumption_per_Capita(t - dt) +
(Per_Capita_Chicken_Meat_Consumption_Growth) * dt
INIT Chicken_Meat_Consumption_per_Capita = 12.685
INFLOWS:
< Per_Capita_Chicken_Meat_Consumption_Growth =
Chicken_Meat_Consumption_per_Capita*(Per_Capita_Chicken_Meat__Consumption_Growth_Ra
1e/100)

O

O

0

- dt) + (I
INIT Population = 105172925
INFLOWS:
pulation__Growth = Population*(Population_Growth_rate/100)
Backyard_Chicken__Production = (Backyard_Chicken_Inventory*4)*(Backyard_Chicken__Yield/1000)
Backyard_Chicken__Yield = 0.96
Broiler_Chicken_Production = (Broiler_Chicken_Inventory *12)"(Broiler_Chicken_Yield/1000)
Broiler_Chicken_Yield = 1.12
Chicken_Meat__Demand = Chicken_Meat__Local_Consumption
Chicken_Meat__Local_Consumption = (Chicken_Meat_Consumption_per_Capita/1000)*Population
Chicken_Meat_Imports = Chicken_Meat__Local_Consumption-Chicken_Meat_Production
Chicken_Meat_Production = Broiler_Chicken_f |_Chicken_| i
Disposable = Chicken_Meat_Supply
Maize_Consumprion_per_Broiler_Chicken = 1.020
Maize_Consumption_of_Broiler__Chicken =
(Broiler_Chicken_Inventory*12)*(Maize_Consumprion_per_Broiler_Chicken/1000)
Maize_Consumption_of_Native_Chicken =
(Backyard_Chicken_Inventory*4)*(Maize_Consumption_per__Native_Chicken/1000)
Maize_Consumption_per__Native_Chicken = .84
SBM_Consumption__Per_Broiler_Chicken = .5
SBM_Consumption_of_Broiler_Chicken =
(Broiler_Chicken_lnventory*12)*(SBM_Consumption__Per_Broiler_Chicken/1000)
Self_Sufficiency__Gap = 100-Self_Sufficiency__Level
Self_Sufficiency__Level = (Chicken_Meat_Production/Disposable)
Total_Maize__Consumption =
Maize_Cx lion_of_Broiler__Chi )_C
& Backyard_Chicken_Inventory_Growth_Rate = GRAPH(TIME)
(2015, 0.58), (2020, 0.564), (2025, 0.549), (2030, 0.534), (2035, 0.52), (2040, 0.507), (2045, 0.494),
(2050, 0.482)
@ Broiler_Chicken_Growth__Rate = GRAPH(TIME)
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@ Population_Growth_rate = GRAPH(TIME)
(1995, 2.43), (2000, 2.25), (2005, 2.05), (2010, 1.71), (2015, 1.68), (2020, 1.42), (2025, 1.29), (2030, 1.15}
(2035, 1.00), (2040, 0.84), (2045, 0.7), (2050, 0.57)

Fig. 4. Simulation equations of stock and flow diagram

In the production side, broiler production is the driver,

Stock flow diagram of chicken meat production

and rise to 84% by 2050 as shown in Figure 6. In Figure 7,
broiler inventory versus backyard chicken is shown. We can
see that by 2025, broiler will outpace backyard production.
Further analysis for broiler chicken production and feeds usage
may be necessary since the country cannot claim absolute
sufficiency given that the main feed ingredients are imported,
especially SBM and maize. With the projections, the
importations of these two ingredients are expected to rise
exponentially as shown in Figure 8. This can be another red
flag for instability in terms of resource management,
operational efficiency, and cost control on imported inputs
especially for broiler chicken.

4,000 100%
W 3,500 90%
s 80%
£ 3,000
j‘-;’ 70%
ks 2,500 60%
2 2,000 50%
g
21500 40%
= 30%
= 1,000
a 20%
500 I | 10%
AL
2010 2015 2020 2025 2030 2035 2040 2045 2050
mProduction 1,041 1,278 1,316 1,473 1,630 1,787 1,944 2,100 2,257
= Imports 98.0 190.5 206.7 382.9 583.8 804.0 1,036 1,275 1,515
Exports 55 3.7 - - - - - - -
= Consumption 1,134 1,465 1,523 1,856 2,214 2,591 2,981 3,376 3,772
% SSL 92% 87% 86% 79% T4% 69% 65% 62% 60%
Fig. 5. Supply utilization accounts (2010-2050)

It should be noted that the same feed raw materials are used
for food and biodiesel, further increasing food-feed-fuel
competition in terms of utilization [33]. To resolve this, the
government should be looking already for alternative and

currently contributing at 75% of the volume and will continue
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locally sourced feed inputs. On the other hand, backyard
chicken volume contribution will drop from 25% to 16%, with
its slow growth. Perhaps, the industry must focus and identify
the areas for improvement on its prevailing practices, methods,
and systems and address them to increase productivity. It is
also worth noting that the backyard chicken inventory is
declining, which shows that backyard needs attention with its
low productivity in both count and yield.

TABLE L. VALIDATION OF SIMULATION MODEL

Local CM consumption Local CM production
Actual* | Simulation* | Error | Actual* | Simulation* | Error
2008 775.0 772.5 2.5 986.6 981.8 4.8
2009 798.5 812.0 13.5 | 1,001.7 1,014.1 12.4
2010 864.9 852.9 12.1 | 1,041.9 1,045.8 3.9
2011 921.8 895.2 26.6 | 1,089.0 1,077.5 11.5
2012 | 1,013.5 939.6 73.9 | 1,139.2 1,110.0 29.2
2013 | 1,058.9 986.1 72.8 | 1,197.4 1,143.2 54.2
2014 | 1,143.6 1,034.9 108.7 | 1,210.3 1,177.1 33.2
2015 | 1,211.0 1,086.0 125.0 | 1,278.8 1,211.8 67.1
2016 | 1,299.9 1,139.6 160.3 | 1,289.4 1,247.2 422
2017 | 1,498.7 1,195.2 303.5 | 1,344.3 1,282.8 61.5
MAPE 8.5% 2.8%
* in Thousand Metric Tons (TMT)

Year

The increasing consumption is driven by population and per
capita consumption. Interventions are more feasible in the per
capita growth since it can be influenced by changes in eating
pattern and lifestyle. In developed economies, awareness on
sustainability issues on meat consumption are increasing such
as reduction through practice of meatless days [34] and
consumption of plant based meat substitutes and alternative
protein sources [35]. Perhaps, the industry can also embark on
awareness, so that the consumers can somehow have the
chance to make sustainable choices. With the model in place,
decision makers can use the above implications in integrating
proper interventions. Other actions in the forms of technology
improvements and consumer awareness can be conceptualized
and tested in the model, which can project the relevant
variables and check the level of sufficiency at specific
timelines. Hence, in the context of planning, the impact of
short-term programs and long-term strategies up to 2050 can be
evaluated in addressing food security.

’ 1: Broiler Chicken Production 3: Chicken Meat Production
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2
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Fig. 7. Broiler and backyard chicken inventory (2020-2050)

9 1: SBM Consumption of Broiler Chicken
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Fig. 8. SBM and maize consumption (2020-2050)

V. CONCLUSION

Long-term sufficiency in this study was evaluated by
system modeling and computer-based simulation forecasting.
The simulated model projected a sufficiency drop to 60% by
2050 if no interventions take place in production and
consumption. With the relevant variables in place in the model,
this can be a sound basis in evaluating future scenarios and
incorporating possible solutions. In conclusion, the developed
dynamic model could be used to facilitate informed decision-
making. Initially, the process of establishing the model may
seem complex in comparison with the traditional forecasting
techniques. However, rigor and results can be more significant,
especially for dynamic systems in the food and agriculture
sectors. This study can encourage a paradigm shift in
understanding dynamic factors and give decision-makers a
better way of planning and addressing long-term sufficiency
and food security concerns.
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