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Abstract

This thesis examines the Greek broiler sector of poultry industry and evaluates a range
of time-series forecasting methods in order to identify the most accurate model for monthly
demand prediction. The study begins with the analyses of the market environment of the sector,
focusing on industry structure, channels of distribution, consumer demand patterns, state’s
regulatory constraints and the economic conditions by producers which have to face.

The methodological part compares several forecasting approaches, including moving
averages, weighted moving averages, simple exponential smoothing, trend-adjusted
smoothing, and regression-based models with trend and seasonality. The models are assessed
primarily through Mean Absolute Deviation (MAD), so that the comparison is made based on
the actual prediction of deviation in the same units of measurement in the series.

The findings shows that the linear trend model with seasonality provides the best overall
performance, with the lowest MAD among the examined specifications and also superior
accuracy compared with the smoothing-based alternatives. The results confirm that monthly
broiler demand in the examined dataset is shaped by both a long-term upward trend and
recurring seasonal fluctuations.

Overall, the thesis demonstrates that combining sectoral analysis with quantitative
forecasting can support more informed managerial decisions in production planning, inventory
control, and supply chain coordination. The proposed framework is especially relevant for
perishable and sensitive food markets where small forecasting errors can have significant

operational and financial consequences.
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Iepiinym

H moapovoa duthopatikn epyasio e&etalel tov eAAnvikd kAddo broiler kot agohoyel
dupopeg neBddovg TPOPAeEYNC ¥POVO GEP®VY, HE OTOHYO TNV E€MAOYN TOL MO AKPPOLS
HOVTEAOL Yo punviaia TpdPAeyn (Rong. Apyikd avaAvetol to TePBAALOV TG ayopdcs, Le
EUQaoT 6T doun Tov KAAOOV, TO KavAAlo O100vOUNG, TO TPATLTO (TNONG TOV KATAVIA®TAOV,
T0 pLOUICTIKO TAOIGIO KOl TIC OIKOVOUIKEG CLVONKEG OV £€YOVV VO OVIILETOTIGOLV Ot
TOPOYMYOL.

To pebBodoroyiwkd pépoc  ovykpiver  Odpopeg  mpooeyyicels  mpoOPAeyng
,OVUTEPILOUPOVOUEVOV TOV KIVIITOV HECHOV OpOV, TOV GTAOUICUEVOY KIVIITOV LECHOV OpOV,
™m¢ amAng exBetikng eEopdAvvong, e €EOUAAVVONG TPOCUPUOGUEVIC TAONS KOl TOV
TOMVOPOLUK®OV HOVTEAWV pE ToN Kot emoykotnta. Ta poviéla alodoyovvion kKupiog HEcw
™m¢ Méong Amorvtng Anoxiong (MAD), dote 1 ohykpion va yivetar e Baon v mporyoTikn
amdkAMon TpOPAEYNS OTIG 1O1EC LOVADES LETPNONG TNG GELPAC.

To amoteAéopoto Ogiyvouv OTL TO HOVIEAO YPOUUIKNG TAONG HE EMOYIKOTNTO
mopovotalel ) PEATIOTN oLVOAKN emidoom, pe ™ younidtepn T MAD petaéd tov

eCetalopevoy vrodelypdtov Kot kKoAOTEpn okpifel amd TIG eVOAOKTIKEG peBdO0VC
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eEoparvvong. Ta amoteléopota ovtd emPBePordvoov 0Tt | unviaio {NTNon KOTOTOLA®V
KPEUTOTOPAY®YNG 6TO VIO eE€TaioM Oelypa ennpedleTarl TOGO amd LAKPOYPOVIO, AVOOIKY| TAOoM
0G0 Kol oo ETUVOAAUPOVOUEVES ETOYIKES OLUKVUAVOELG.

YVUVOMKA, 1) EPYOCI0 KATAOEIKVVEL OTL O GLVOVOGHOG TOUENKNG AVAAVOTG LE TOGOTIKN
mpOPheyn umopel vo vrootnpifel MO TEKUNPIOUEVES OOIKNTIKEG OMOPACGELS OTOV
TPOYPOUUOTIOUO TOPOY®YNG, OTN Olyeiplon amobeldtov Kol GTOV GULVIOVIGUO 1TNG
€QOOLOTIKNG aAvcidag. To mpotevopevo mhaictlo eivon Wlaitepa oNUAVTIKO Yo evadeic Ko
evaiocntec ayopég tpoeinwv, 6mov Kpd cEAApaTa TPOPAEYNC LTOPOVV VO EXOVV GTUOVTIKES

AEITOVPYIKEG KOl OTKOVOUKEG GUVETELEC.

AL KAELOLG
[Ttmvotpoeia , povtéra TpoPreync, Kivntdg Hécog 6pogs, ekBeTikn eEopdivvon,

HOVTEAQ TOALVOPOUNONG , TPOPAEYM.
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Introduction

Demand forecasting is a critical managerial function in modern supply chain systems,
especially in sectors where products are perishable, Profit margins are narrow, and market
conditions change rapidly. In the agri-food sector, and particularly in the Greek broiler
industry, forecasting accuracy is directly linked to production planning, inventory control,
distribution efficiency, and cost management. The structure of the thesis itself reflects this
practical need: it moves from an analysis of the Greek broiler market environment to a
comparative evaluation of forecasting models and finally to the identification of the most
appropriate specification for operational and strategic decision-making.

The study begins by examining the broader market environment of the Greek broiler
sector. Particular attention is given to market size and growth dynamics, the industry’s
vertically integrated structure, the role of contract farming, demand patterns, distribution
channels, and the economic and regulatory pressures faced by firms and producers. This
contextual discussion is not presented as background alone; rather, it establishes the conditions
under which forecasting becomes indispensable. In a sector shaped by buyer concentration,
seasonality, traceability requirements, cost volatility, and strong competitive pressure, the
ability to estimate future demand with reasonable precision becomes a decisive factor for

business performance.
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Building on this sectoral analysis, the thesis then turns to the methodological core of
the research. A set of forecasting techniques is presented and compared, including the simple
moving average, weighted moving average, simple exponential smoothing, exponential
smoothing with trend adjustment, linear trend regression, linear trend regression with
seasonality, and the log-linear model with seasonality. The methodological discussion explains
the theoretical basis of each approach and evaluates their relative strengths and limitations in
relation to time-series demand data. In this way, the thesis creates a smooth transition from the
qualitative characteristics of the broiler market to the quantitative tools required to model its
demand behavior.

The empirical part of the study applies these techniques to monthly sales data and
evaluates their performance mainly through the Mean Absolute Deviation (MAD), so that the
comparison is grounded in practical forecast accuracy rather than in statistical fit alone. The
results show that the linear trend model with seasonality outperforms the alternative
specifications, indicating that the demand series is driven not only by a long-term trend but
also by stable and recurring monthly fluctuations. This finding is especially important for a
product category such as broiler meat, where inaccurate forecasts may lead either to stock
shortages or too costly overstocking of highly perishable goods.

Taken together, the structure of the thesis follows a clear analytical logic.

Chapter 1 maps the economic and commercial environment of the Greek broiler sector,

Chapter 2 presents the forecasting framework and the theoretical foundations of the
selected methods,

Chapter 3 applies these methods to real-world data and compares their results.
Through this progression, the thesis demonstrates that forecasting is not an isolated technical
exercise, but an applied managerial tool embedded in the realities of a specific food supply

chain.
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Chapter 1: Market Environment of the Greek Broiler Sector

1.1 Market Size and Growth Dynamics

In the wider livestock and meat sector in Greece, the poultry sector has quietly emerged
as one of the most dynamic sectors. It may not always make headlines like beef or dairy, but a
closer look at the numbers tells a compelling story. Recent industry reports place the value of
the Greek poultry market at around US$1.6-1.7 billion in 2024, with projections pointing to
US$1.9 billion by 2033, with an expected annual growth rate of around 3-4% in value terms
(ProMarketReports, 2025). These figures are broadly consistent with previous analyses of the
Greek business press and the sectors that place the turnover of the broiler meat market at just

over €1,5 billion. and identify a positive medium-term growth trajectory.

In terms of volume, international datasets of the market suggests that the total
consumption of poultry meat in Greece reached around 297 thousand tons in 2023, based on
several years of steady growth (ReportLinker, 2024a). What stands out here is the per capita

rate: the average poultry meat consumption amounted to around 25.2 kg in 2023, with a

MSc. in Supply Chain Management



HELLENIC
e Vasileios Apostolou, F: ing Demand in Poultry ind
= UNIVERSITY asileios Apostolou, Forecasting Demand in Poultry industry

moderate upward trend over the past five years and a compound annual growth rate of around
1.1% (ReportLinker, 2024b). This may sound modest, but it signals two things: resilience in
demand and a gradual dietary shift in favor of poultry. In monetary terms, expenditure on fresh
poultry meat amounted to around €94,07 per capita in 2023, following consecutive annual

increases since 2021 (ReportLinker, 2024c¢).

From the perspective of self-sufficiency, Greece is in an interesting position. The
country is relatively weak in terms of red meat, beef and pork, but has significantly better
performance in poultry. ICAP CRIF Sector Notes (2025) state that poultry meat accounts for
the largest share of total domestic meat production, with self-sufficiency remaining low in beef
and pork but significantly higher in poultry. The data of the Broiler Innovation Network for
Greece indicate that the country's self-sufficiency in broiler meat is in the range of 80-82%,
with domestic integrators covering most of the internal demand and imports acting mainly as

a complementary source or for specialized products (BIN Greece, 2023).

Taken all together, the quantitative data show a fairly clear picture: the Greek broiler
sector combines a significant market size, relatively high self-sufficiency and a positive,
allthough not explosive, growth trajectory. This positions it as a key pillar within the national
meat supply system, and as we shall see in the sections that follow, it also creates a distinctive

set of challenges and opportunities for the companies operating within it.

1.2 Industry Structure and Vertical Integration

One of the first things that strikes an observer of the Greek broiler industry is how
concentrated it really is. A handful of large companies, vertically integrated from hatchery to
supermarket shelf , dominate the landscape. Business and trade press frequently identify a core

group of leaders, notably Pindos, Nitsiakos, Ambrosiadis, and Aggelakis, which together
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command the bulk of the organised broiler market, especially in branded and packaged poultry
products. (Business Daily, 2021; IndustryARC, 2024a; Nitsiakos S.A., n.d.; PINDOS APSI,
n.d.).

These companies typically operate under a fully integrated model, controlling most
stages of the value chain: parent stock and hatcheries, feed manufacturing, veterinary services,
slaughterhouses, cutting and deboning plants, further-processing facilities (e.g., marinated,
breaded, and cooked products), packaging, and logistics. BIN Greece (2023) notes that six
main broiler integrators provide their contracted farmers with virtually all required inputs day-
old chicks, feed, veterinary supervision, technical advice, and sometimes energy or equipment,
which illustrates the classic integrator—contract grower model in full operation.

It is worth noting that contract farming is really the defining feature of how the Greek
broiler supply chain works in practice. Independent farmers invest in housing, labour, and day-
to-day management, while the integrator retains ownership of birds and feed and assumes
commercial responsibility for marketing the final product. In practice, this arrangement reduces
price and market risk for growers, but also limits their autonomy and bargaining power, since
they are effectively tied to a single buyer. From the integrator’s perspective, contract farming
allows flexible capacity expansion, risk sharing, and tighter control over biosecurity and
production uniformity (see also comparable models in other EU countries; e.g., Kagkou, 2008).

Alongside the large integrators, a multitude of small and medium-sized poultry farms
operate either as independent producers, supplying local butchers, open markets, and small
chains or as contract growers attached to one of the major companies. Some of these smaller
enterprises attempt to differentiate themselves through specialized placement, such as free-
range or organic broilers, local labels, and “farm-to-table” concepts, though their aggregate

market share remains modest relative to the integrated groups.
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This structural configuration, few powerful integrators, many dependent growers, and
a limited number of independent niche players, carries significant implications for price
formation, risk allocation, innovation capacity, and the governance of the broiler supply chain
in Greece. As we move through the rest of this chapter, these dynamics will resurface

repeatedly.

1.3 Demand Patterns and Consumer Trends

Consumer demand has been central to the expansion of the broiler sector and
understanding how it has evolved helps explain many of the industry’s current dynamics.
International and national evidence points to a long-term substitution of red meat by poultry,
driven both by relative price considerations and by perceptions of poultry as a healthier protein
source with lower saturated fat and a favorable nutrient profile (Tsitsos, 2021;
MarketGrowthReports, 2025).

In Greece specifically, the increase in poultry consumption has been shaped by several
intertwined trends:

1. Price Sensitivity and “Value for Money.” The prolonged economic crisis, followed
by the COVID-19 pandemic and more recent inflationary shocks in food and energy
prices, have made Greek households acutely sensitive to food costs. Under these
conditions, poultry offers a relatively affordable source of animal protein, making it a
“core basket” product for many families. What is particularly telling , is that per-capita
expenditure on poultry meat has risen in recent years despite stagnant or only slightly
rising incomes, a clear illustration of its value-for-money positioning (ReportLinker,
2024c).

2. Shift Towards Convenience and Ready-to-Cook Products. The change of lifestyles,

the increase in women’s labor force participation and increasing time constraints have

12
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expanded demand for convenience products such as marinated fillets, breaded portions,
shawarma/gyros, skewers, and high-protein ready meals. Greek processors have
responded by investing heavily in further-processed and ready-to-heat or ready-to-cook
broiler products, often positioned as healthier alternatives to processed red
meat(Grunert, 2006; IndustryARC, 2024b; Nitsiakos S.A., n.d.; Stamatopoulou &
Tzimitra-Kalogianni, 2022). To put this into perspective, the variety of poultry-based
convenience items available on supermarket shelves today would have been hard to
imagine just a decade ago.

3. Health, Quality, and “Clean Label” Concerns. Consumers are more and more
checking ingredient lists and production methods. Claims such as “no antibiotics as
growth promoters,” “non-GM feed,” “animal welfare-friendly housing,” and “slow-
growing breeds” are gaining traction in European markets and are gradually being
adopted in Greece as well (IndustryARC, 2024; MarketGrowthReports, 2025). This
trend encourages differentiation strategies and supports premium segments, though
price remains a powerful constraint for a sizeable portion of Greek consumers, a tension
that producers have to consider carefully.

4. Origin and Traceability. Greek consumers attach significant value to national origin
and traceability, especially after repeated episodes of “falsified origin” or so-called
“Hellenizations” (mislabeling imported meat as domestic). The industry’s response is
enhanced labelling, national quality systems and digital traceability initiatives aimed at
both restoring trust and protecting the competitive position of domestic producers

(ICAP CRIF, 2025; BIN Greece, 2023).

In aggregate, these trends are pushing the Greek broiler market away from simple

commodity whole carcasses and towards a portfolio of differentiated, value-added products

13
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that must still remain price competitive. It is a delicate balancing act, and one that shapes the

commercial strategies explored later in this chapter.

1.4 Distribution Channels and Commercial Landscape

The structure of the channels of the Greek broiler market is more complex than it initially
seems. Three main pillars underpin the distribution system, each with its own logical and

commercial dynamics:

1. Organised Retail (Supermarkets and Hypermarkets). The organized retail sector
absorbs most branded and packaged broiler sales (Pindos Agricultural Poultry
Cooperative, n.d.). Large supermarket chains engage in annual framework agreements
with integrators, negotiating prices, promotional budgets, volume commitments, and
shelf space. A closer look reveals that private labels have grown significantly in
importance; many chains now sell private-label poultry lines that are produced in the
same plants as the integrators’ own brands, intensifying intra-firm brand competition

right at the shelf (Pindos Agricultural Poultry Cooperative, n.d.).

2. Traditional Butcher Shops and Small Local Retailers. Despite the expansion of

supermarkets, the traditional butcher shop remains a central channel, especially in
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smaller towns and rural areas. Industry studies and articles highlight that a significant
share of meat markets in Greece still go through butchers, which have evolved into
modern service-oriented stores that offer personalized cuts, prepared products and
personalized advice (Provil S.A., n.d.a; Provil S.A., 2021). Especially for broiler meat,
butchers often work with either local farmers or large integrators, using broilers as both
a circulation driver and a margin generator, in particular through marinated, stuffed or

ready-to-cook preparations (Papadopoulos Meat Company, 2025)

3. HoReCa and Foodservice (Hotels, Restaurants, Catering). The HoReCa channel
represents a large and strategically important outlet for broiler products. Hotels,
restaurants, fast-food outlets, rotisseries, and industrial kitchens demand stable volumes
of standardized products such as breast fillets, strips, wings, burgers, gyros where often
delivered in frozen or chilled form and in bulk packaging(Provil S.A., n.d.b; Sarikas-
Kalenterian A.B.E.E., 2024). Given the seasonality of Greek tourism, the HoReCa
channel exhibits strong seasonal peaks, which require close coordination between

production planning, logistics, and sales forecasts (BIN Greece, 2023).

The coexistence of these channels built a multi-layered commercial environment that
is anything but simple. Large integrators must simultaneously balance brand-building in
supermarkets, serving demanding HoReCa customers, and maintaining partnerships with
butchers, while smaller producers often rely on local networks and relational contracts with
independent retailers. This heterogeneity in channels also shapes the design of outbound
logistics, including delivery frequency, cold-chain requirements, and packaging formats that

carry real implications for cost and risk management.
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1.5 Economic and Production Environment for Farmers

The cost and income environment that Greek broiler farmers face is, to put it plainly,
challenging(ICAP CRIF, 2025). Anyone familiar with agricultural economics will not be
surprised to hear that margins are thin, but the specifics of the broiler sector make the situation

especially demanding. The production cost structure is dominated by:

» Feed costs (maize, soybean meal, and other ingredients), which typically represent 60—
70% of total variable costs (Feed Cost vs. Feed Quality, 2025) The Greek sector is
highly exposed to global commodity price volatility and currency fluctuations, since a

large share of feed ingredients is imported (ICAP CRIF, 2025).

* Energy costs, including electricity for ventilation, lighting, heating, and cooling
systems, as well as fuel for transport. These have risen substantially in recent years due
to global energy market instability, a reality that no Greek farmer can escape.

(Tsouvaltzidis et al., n.d.).

 Labor and compliance costs, stemming from animal welfare regulations,
environmental requirements (manure management, waste-water treatment), and

biosecurity protocols (Broiler Innovation Networks, n.d.).

Under contract farming schemes, growers are typically paid per kilogram of live weight
produced, adjusted for performance indicators such as feed conversion ratio (FCR) and

mortality (Broiler Innovation Networks, n.d.).. However, numerous reports and stakeholders
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highlight that growers’ profit margins are thin, with many complaining about insufficient
compensation relative to their investment and risk exposure(Broiler Innovation Networks,
2023). BIN Greece (2023) notes that while integrators provide technical and input support,
smaller contract farms often lack innovation capacity and bargaining power, making it difficult

for them to upgrade technology or diversify their activities.

For independent farmers operating outside formal integration programs, the economic
conditions are even more demanding. They must simultaneously manage production risk,
market risk, and financial risk, including exposure to price fluctuations, late payments by
buyers, and the absence of guaranteed absorption contracts (Kalogianni, 2024). In this context,
risk management, either through the diversification of activities (e.g. on-farm processing, direct
marketing, agrotourism), or through long-term supply agreements, or through participation in
producer organizations, becomes critical for long-term sustainability (Kalogianni, 2014). As
we'll see in later chapters, these farm-level pressures ripple outward and shape the entire supply

chain.

1.6 Regulatory and Institutional Framework

No discussion of the Greek broiler sector would be complete without addressing the
regulatory environment, which is both dense and consequential. The sector operates within a
layered European and national regulatory framework, and the rules touch nearly every aspect
of the business (European Commission, n.d.a). Atthe EU level, broiler production is governed
by legislation in several key areas(European Commission, n.d.a):

* Animal welfare, including maximum stocking densities, lighting requirements, waste

quality standards, and monitoring of health parameters (European Commission, n.d.a).
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* Food safety and hygiene, covering slaughterhouse operations, Hazard Analysis and
Critical Control Points (HACCP) systems, microbiological criteria, and residue limits
for veterinary medicines (Better Chicken Commitment, n.d.).

* Environment, especially the Industrial Emissions Directive and related rules on
ammonia emissions, waste management, and groundwater protection (European

Commission, n.d.b).

At the national level, Greece has developed complementary rules and licensing procedures for
poultry holdings and slaughterhouses, as well as specific provisions for small on-farm slaughter
unit (Ministry of Rural Development and Food, 2024). s. These allow limited direct marketing
of fresh poultry from the farm, but under strict conditions regarding annual slaughter volumes
and distribution radius, a framework designed to protect both consumers and the integrity of

the supply chain (eugo.gov.gr, 2024).

In response to recurrent concerns over mislabeling and the “Helenization” of imported meat,
authorities have strengthened traceability and origin labelling, introducing stricter inspection
regimes and distinctive markings for Greek-origin carcasses (Chatziargyri et al., 2022).
National quality systems and the supervision of organizations such as ELGO-DIMITRA
complement EU frameworks by promoting certified quality labels and enforcing compliance
at retail and HoReCa levels(ICAP CRIF, 2025; Hellenic Agricultural Organization -

DIMITRA, n.d.).

From a strategic viewpoint, this regulatory environment cuts both ways. it exerts cost
pressure through compliance investments and on the other hand it underpins consumer trust in
safety, quality, and origin. It also narrows the scope for low-cost, low-standards competition,

thereby offering a degree of protection to firms that invest in high-quality production systems.
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For the purposes of our analysis, this regulatory backdrop forms an important part of the risk

landscape that broiler companies must navigate.

1.7 Specificities of Sales and Commercial Practices

The sales function in the Greek broiler sector is far from a simple matter of selling chicken. It
exhibits several distinctive characteristics, closely linked to the product’s perishability, the
structure of the retail market, and the dual role of broilers as both commodity and differentiated
product. In our analysis,seven features stand out: perishability and short shelf-life, retailer
bargaining power, demand seasonality, promotion intensity, product differentiation, channel
fragmentation and the need for accurate demand planning (Chopra & Meindl, 2019; Mentzer

et al., 2001; Stamatopoulou & Tzimitra-Kalogianni, 2022).

1. High Buyer Concentration and Strong Retailer Power. A large share of broiler
volumes flows through a small number of supermarket chains and major HoReCa
distributors. This structure enhances the bargaining power of buyers, who can demand
favorable pricing, extended credit terms, listing fees, and participation in promotional
campaigns. Sector studies and trade press show that producers must allocate substantial
budgets to trade promotions, including temporary price reductions, in-store displays,
and advertising in leaflets. All of which significantly affect net margins (ICAP CRIF,

2022, 2025).

2. Framework Agreements and Complex Commercial Terms. Sales usually are ruled

by annual or multi-year framework agreements rather than spot transactions. These
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agreements determine not only base prices but also rappels (volume-based rebates),
promotion offers, bonuses for category growth, service-level targets, and penalties for
non-compliance. What this means in practice is that the real margin per kilogram
depends on the overall management of the contract rather than solely on the nominal

price (ICAP CRIF, 2025).

3. Perishability and the Need for Rapid Stock Turnover. Fresh broiler meat is highly
perishable, with a short shelf life. Sales teams must coordinate closely with demand
planning and logistics to ensure high rotation and to minimize returns, markdowns, and
waste. This reality drives to the frequent use of promotions, offers and multi-packs to
accelerate performance when demand drops, and it elevates the importance of accurate

forecasting and flexible distribution (Broiler Net, 2024; Eurostat, 2024).

4. Dual Strategy: Branded vs. Private Label Products. Most major integrators
simultaneously market their own brands and produce private-label products for
retailers. This dual strategy creates internal trade-offs that are not always easy to
manage: branded products support differentiation and premium positioning, while
private-label contracts offer volume and capacity utilization but with tighter margins
and potential cannibalization. The sales strategy must therefore carefully manage price
architecture, packaging differentiation, and promotional calendars to avoid eroding the

perceived value of branded lines (Market Research Future, 2025).

5. Importance of B2B and HoReCa Sales and Technical Support. In the HoReCa
segment, sellers compete not only on price but also on service packages: product
customization (specific cuts, portion sizes), stable supply, menu development support,

and cost-per-portion optimization. Sales teams often act as technical advisors, helping
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chefs standardize recipes and manage yield. This “consultative selling” approach is
especially relevant for high-volume clients such as hotel chains, fast-casual restaurant

chains, and industrial caterers.

6. Role of Traditional Butchers in Value-Added Preparations. For traditional
butchers, broiler meat serves as a basic raw material for ready-to-cook preparations,
marinated skewers, stuffed roasts, breaded fillets, which add value and differentiate the
shop’s offering from the supermarket. Suppliers, whether integrators or spice and
marinade companies, often provide recipe concepts, point-of-sale material, and
training, thus transforming the sales relationship into a partnership focused on category

development (Provil, 2021).

7. Thin Margins and Limited Room for Pricing Errors. Because broiler meat is
simultaneously a basic and a quasi-commodity, gross margins per kilogram are
relatively low while volumes are high. A small miscalculation in discounts,
promotional budgets, or logistics costs can wipe out a significant portion of annual
profit. This prioritizes accurate cost accounting, performance management, and the
tight integration of commercial and financial planning, adding a layer of complexity to
the sales function that should not be underestimated (Hellenic Competition

Commission, 2021; ICAP CRIF, 2023; Eurostat, 2024).

Putting all together, the sales environment in the Greek broiler sector is highly
structured, promotion-intensive, and operationally demanding. Companies need to synchronize

pricing, promotions, logistics, and production to capture slim profit margins while managing

21
MSc. in Supply Chain Management



HELLENIC
e Vasileios Apostolou, F: ing Demand in Poultry ind
= UNIVERSITY asileios Apostolou, Forecasting Demand in Poultry industry

significant volume and risk. It is, in many ways, a business where operational excellence is not

a luxury but a survival requirement.

1.8 Synthesis and Implications

Having surveyed the various dimensions of the Greek broiler market environment, it is useful

to consider what it all adds up to. We can observe that:

The Greek broiler sector combines structural concentration, vertically integrated
production, evolving consumer expectations, exposure to feed costs, energy and regulatory
compliance. These elements make forecasting, channel allocation and risk-adjusted
planning central to managerial decision-making (Chopra & Meindl, 2019; Hellenic
Statistical Authority, 2025; Eurostat, 2025; IndustryARC, 2024a).

The significant market size and the poultry meat production growth, although domestic
production has never been sufficient to cover all Greek consumption, which in turn caused
the continuous exposure to imports and trade conditions (Hellenic Statistical Authority,
2025; IndustryARC, 2024a; Stamatopoulou & Tzimitra-Kalogianni, 2022).

A highly concentrated and vertically integrated industry structure, dominated by a few
large integrators and supported by contract growers and specialized supply-chain
arrangements (Business Daily, 2021; IndustryARC, 2024a; PINDOS APSI, n.d.).

The evolving of consumer preferences towards affordable, convenient, health-oriented and
traceable products, with food safety, quality cues and convenience playing an increasingly
important role in poultry purchasing behaviour (Grunert, 2006; Stamatopoulou & Tzimitra-
Kalogianni, 2022).

A multi-channel commercial system, where organised retail, traditional butchers and
HoReCa each play a distinct role in product positioning, service level requirements and
demand variability (Chopra & Meindl, 2019; Mentzer et al., 2001).
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* A cost-intensive production environment for farmers, dependent on volatile feed and
energy prices and constrained by regulatory, animal-health and food-safety requirements
(European Commission, 2017; Hafez & Attia, 2020).

* A complex, promotion-driven sales function characterised by strong retailer power, thin
margins and the need for accurate planning, forecasting and risk management (Chopra &

Meindl, 2019; Hyndman & Athanasopoulos, 2021; Makridakis et al., 1998).

Chapter 2: Research Methodology

Having identified the structural complexities, market volatility, and operational challenges that
exist in the Greek broiler sector, it becomes clear that informed decision-making relies strongly
on the ability to anticipate future demand. This chapter transitions from qualitive market
description to quantitative analysis, presenting a forecasting framework that will transform

market trends into actionable insights for supply chain optimization.

2.1 Introduction to the Forecasting Framework

Forecasting is the formal process of predicting future events based on historical data
and mathematical modeling. In the context of Supply Chain Management (SCM), accurate
forecasting is the primary driver for inventory control, production scheduling, and financial
planning (Hyndman & Athanasopoulos, 2018). This study employs quantitative research
design, focusing on time-series analysis to determine the most robust model for predicting

demand.
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The selection of a forecasting model is a trade-off between simplicity and
sophistication. As noted by Heizer et al. (2020), a model must be complex enough to capture
the underlying patterns of the data (trend, seasonality, and cycles) but simple enough to be
computationally efficient and interpretable for management. This chapter details seven distinct
methodologies, ranging from elementary smoothing techniques to advanced econometric

regression models.

2.2 Simple Moving Average (SMA)

The Simple Moving Average (SMA) is one of the most fundamental techniques used
in time-series forecasting to mitigate the effects of random fluctuations and highlight the

underlying "level" of a series (Hyndman & Athanasopoulos, 2021; Makridakis et al., 1998).

2.2.1 Theoretical Foundations

The SMA calculates the arithmetic mean of a specific number of previous data points (n). It
assumes that the most recent observations are the best indicators of the immediate future. The
Simple Moving Average (SMA) calculates the arithmetic mean of a specific number of
previous data points (7),which is the mathematical expression for the SMA. It suppose that
recent observations are giving useful information about the immediate future, while random
fluctuations can be partially smoothed out by calculating the average. The mathematical
expression for the SMA is commonly written as follows (Hyndman & Athanasopoulos, 2021;

Makridakis et al., 1998)
Foi=(Ai+ A1 + Ao+ .o+ A1) /

Where Fi+ 1s the forecast for the next period and 4 is the actual demand at time ¢.
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2.2.2 Analysis of the Moving Window

The choice of # (the "window" of the average) is critical. A small » makes the model
highly responsive to recent changes but also susceptible to "noise" (random error). Conversely,
a large n provides superior smoothing but creates a significant time lag (Chopra & Meindl,
2016). In academic research, SMA serves as a "naive" baseline against which more complex

models are compared.

2.3 Weighted Moving Average (WMA)

The Weighted Moving Average (WMA) addresses a primary weakness of the SMA: the
assumption that all historical data points are equally important. . In the WMA, larger weights
may be assigned to more recent observations when the analyst expects recent demand

information to be more relevant for short-term forecasting (Hyndman & Athanasopoulos, 2021;

Makridakis et al., 1998).

2.3.1 Weight Attribution Logic

In a WMA model, weights are assigned to each period, usually giving higher
importance to the most recent data. The sum of the weights must equal one (Zw;i = 1). The

formula is:
Fir1 =2 widei+1

This method allows the researcher to inject professional judgment or empirical evidence
into the model. For instance, if a market shift occurred in the last month, a weight of 0.8 on A4;

ensures the forecast adapts quickly.
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2.3.2 Academic Significance

WMA is often preferred in industries with high volatility where the past quickly
becomes obsolete. However, its effectiveness is limited by the subjective nature of weight
selection, which often requires iterative testing or optimization through software (Makridakis

etal., 1998).

2.4 Simple Exponential Smoothing (SES)

Simple Exponential Smoothing is a sophisticated weighting method where weight
decreases exponentially as observations move further into the past. Unlike WMA, it does not
require a fixed "window" of data, instead it uses a single smoothing constant, alpha (o).

2.4.1 The Smoothing Constant (a)

The core equation of SES is:

Foi=Fi+a(4:i— FY)

The value of a ranges between 0 and 1. A low a (e.g., 0.1) produces a very smooth
forecast that ignores recent spikes, while a high a (e.g., 0.9) treats the most recent observation

as the primary indicator of the future.

2.4.2 Strategic Application

According to Armstrong (2001), SES is highly effective for data without a clear trend
or seasonality. It is mathematically efficient because it only requires the previous forecast and
the most recent actual demand, making it the industry standard for large-scale inventory

management systems.

2.5 Exponential Smoothing with Trend (Holt’s Method)
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When a time series exhibits a consistent upward or downward slope, Simple
Exponential Smoothing fails because it cannot "climb" with the data, leading to a constant

forecast lag. Holt’s Linear Trend Model addresses this by adding a second smoothing constant,

beta (5).

2.5.1 Dual-Parameter Architecture

Holt’s method decomposes the forecast into two components:
Level (Lt): An estimate of the series value at the end of the period.
Trend (7t): An estimate of the growth or decline rate.

The forecast for m periods ahead is calculated as:

Foam=Li+mx T

2.5.2 Smoothing the Trend

The inclusion of f allows the Holt’s model to adjust the trend over time. If the trend is
accelerating, a higher £ allows the model to catch up. This makes Holt’s model superior for
growing companies or emerging markets where static averages would result in significant
under-forecasting (Montgomery et al., 2015).

S controls how quickly the trend component (T;) responds to changes in the level.
The trend equation is:
Te=B (Le—Li—)+ (A —=p) T
When the trend is accelerating (i.e., the rate of growth is increasing), a higher £ allows the
model to catch up faster to this new rate.
Conversely, a lower f makes the trend more stable and less sensitive to short-term

fluctuations.
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2.6 Linear Trend Model

The Linear Trend Model moves away from smoothing techniques and utilizes the principle of
Ordinary Least Squares (OLS) regression. In this model, time () is treated as the independent
(predictor) variable, while demand or sales volume is treated as the dependent variable. This
approach is suitable when the analyst expects a systematic upward or downward movement

over time (Montgomery et al., 2015; Wooldridge, 2016).

2.6.1 Regression Principles

The relationship is defined by the linear equation (Montgomery et al., 2015;

Wooldridge, 2016):
Y=a+bt+e

Where:

Y = Predicted demand or sales volume at time ¢

o. = Y-intercept or baseline demand when t equals zero

b = Slope of the line, representing the average change in demand per time period.

¢ = Random error term, , capturing unexplained variation not accounted for by the time

trend.

2.6.2 Statistical Robustness

The Linear Trend Model is evaluated using the Coefficient of Determination (R*). A high R*
indicates that a large percentage of the demand variance is explained by the passage of time,
although R? alone should not be interpreted as proof of forecasting accuracy. Residual
diagnostics and out-of-sample forecast errors remain necessary for model validation This

model is essential for long-term strategic planning, such as warehouse capacity expansion or
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long-term capital investment ,when demand shows a sufficiently stable trend component

(Hyndman & Athanasopoulos, 2021; Montgomery et al., 2015; Wooldridge, 2016).

2.7 Linear Trend with Seasonality

In many sectors, particularly food and retail, demand does not follow a straight line but
fluctuates in recurring cycles (e.g., monthly or quarterly). The Linear Trend with Seasonality
model combines a deterministic trend with seasonal indices or seasonal dummy variables,
allowing the model to estimate both the underlying trend and predictable seasonal deviations

(Hyndman & Athanasopoulos, 2021; Makridakis et al., 1998; Wooldridge, 2016).

2.7.1 Dummy Variable Integration

This model utilizes Multiple Linear Regression by introducing "dummy variables" for each
seasonal period. For a monthly series, eleven dummy variables are normally created, leaving
one month as the reference category to avoid perfect multicollinearity. The model identifies
seasonal “shocks” or deviations from the trend caused by recurring factors such as holidays,
weather conditions, tourism patterns or cultural consumption habits (Hyndman &

Athanasopoulos, 2021; Wooldridge, 2016).
Yi=a+bt+ciDi+c2Dr+ ... +ciiDi +é&

In this specification, Y; is the predicted demand at time (7) a is the intercept or baseline demand;
b is the trend coefficient, measuring the average change in demand per time period. D1 to Dii
are binary seasonal dummy variables that take the value 1 when a given observation belongs

to the respective month and 0 otherwise. c1 to c11 are the seasonal coefficients, measuring how
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much each month differs from the omitted reference month, and &; is the random error term.
The omitted month becomes the benchmark against which the remaining months are

interpreted (Hyndman & Athanasopoulos, 2021; Wooldridge, 2016).

2.7.2 Managerial Implications

By isolating the seasonal effect (ci), managers can distinguish between a genuine
change in market trend and a predictable seasonal peak. This prevents overreaction to
temporary spikes and ensures optimal stock levels during high-demand periods (Chopra &

Meindl, 2016).

2.8 Log-Linear Model

The Log-Linear model is an econometric approach used when the relationship between
variables is non-linear or when the variance of the data increases with the level of demand
(heteroscedasticity).

2.8.1 Logarithmic Transformation

By taking the natural logarithm (In) of the dependent variable(Y), the researcher can

transform an exponential growth pattern into a linear one:
m(Y)=a+bxt
where a :intercept ,b : slope, t = time

This model is particularly useful for calculating growth rates. The coefficient b in a log-

linear model represents the percentage change in Y for a one-unit change in ¢.
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2.8.2 Elasticity and Stability

As Wooldridge (2012) suggests, logarithmic models are often more robust for financial

and economic data as they reduce the impact of extreme outliers and satisfy the normality

assumptions required for many statistical tests.

2.9 Statistical Assumptions and Model Validation

For the regression-based models employed in this research specifically the Linear Trend

Model, the Linear Trend with Seasonality, and the Log-Linear Model, the validity of the

inferential results depends on the satisfaction of several fundamental econometric assumptions.

According to Montgomery et al. (2015), violating these assumptions can lead to biased

parameter estimates and unreliable confidence intervals.

1.

Linearity: The model assumes a linear relationship between the independent variables
(time, seasonal dummies) and the dependent variable (demand). In the Log-Linear
approach, this assumption is applied to the logarithms of the data to capture
approximately constant percentage growth rates rather than absolute changes (Gujarati
& Porter, 2009; Wooldridge, 2016).

Independence of Errors (No Autocorrelation): Residuals should ideally be
independent from one period to the next. In time-series data, this assumption is
frequently violated by autocorrelation. The Durbin-Watson statistic is commonly used
as an initial diagnostic for first-order autocorrelation; values close to 2.0 are usually
interpreted as evidence that strong first-order autocorrelation is not present, although
additional residual checks may still be required (Durbin & Watson, 1950, 1951;

Montgomery et al., 2015; Wooldridge, 2016).
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3. Homoscedasticity: This refers to the assumption that the variance of the error terms is
constant across all levels of the independent variables. If the variance of the errors
changes over time (Heteroscedasticity), the standard errors of the coefficients may be
underestimated, leading to false claims of statistical significance (Wooldridge, 2012).

4. Normality of Residuals: The error terms should ideally follow an approximately
normal distribution, especially when inference, confidence intervals and hypothesis
tests are required. In forecasting applications, residual normality also supports the
construction of prediction intervals, although forecast accuracy should still be assessed
through error measures such as MAD, MAE, RMSE or MAPE (Hyndman &

Athanasopoulos, 2021; Montgomery et al., 2015).

2.10 Comparative Analysis and Decision Logic

The final selection of a forecasting model is not merely a mathematical exercise, but a strategic
decision based on a comprehensive comparison of the techniques analysed. Model choice
should consider statistical fit, forecast accuracy, interpretability, managerial usefulness and
robustness under changing market conditions. In a perishable and promotion-driven sector such
as broiler production and sales, forecasting must be connected to operational decisions such as
production planning, inventory control, delivery scheduling and channel allocation (Chopra &

Meindl, 2019; Hyndman & Athanasopoulos, 2021).

2.10.1 Adaptive Smoothing vs. Explanatory Regression

The smoothing techniques explored in this study (SMA, WMA, and SES) are
"adaptive" in nature. As noted by Chopra and Meindl (2016), these models are highly effective

for tactical, short-term forecasting because they prioritize the most recent market signals.
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However, they lack the structural depth to explain the "why" behind demand shifts. In contrast,
the Linear Trend with Seasonality model provides an explanatory framework, allowing the

organization to distinguish between long-term growth and recurring seasonal spikes.

2.10.2 Selection of the Optimal Model via MAD

In this study, the Linear Trend with Seasonality was identified as the superior model.
Several error measures were evaluated, including Bias (Mean Error)which shows whether
predictions are systematically above or below the actual values, MAD (Mean Absolute
Deviation) which measures the average absolute size of the errors, MSE (Mean Squared
Error) which gives more weight to large errors, Standard Error which indicates the typical
distance between the observed values and the fitted regression line and MAPE (Mean
Absolute Percent Error) which expresses the average error as a percentage of the actual

values(Amazon Web Services, n.d.; eCampusOntario, 2024) . Their formulas are as follows:
. 1 ~
Bias =~ (y; — 90,
MAD =% 1y =9 1. It
1 5.2

MSE = -3.(y; = ¥)°*,

Standard Error = ’2(3;‘—:?)2, where n — 2 reflects the two degrees of freedom used to
estimate the intercept and slope in simple linear regression.

MAPE = 1%2 | yly;fu [.(Amazon Web Services, n.d.; Forecasting error measurements

and their application, 2011).
The variables used are:
n: the number of observations

i : the observation index
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y; : the actual observed value

y; : the predicted value

y; — ¥; : the prediction error or residual.

The error measures also differ in their sensitivity to outliers. MSE is the most sensitive
because squaring the errors gives large deviations disproportionately high weight, which can
distort model evaluation when unusual observations are present (Forecasting error
measurements and their application, 2011). In contrast, MAD is less affected by outliers
because it uses absolute values rather than squared errors, making it a more robust and stable
measure for comparing forecast models (eCampusOntario, 2024). MAPE may also become
unstable when actual demand values are very small, since small denominators can inflate the
percentage error (Amazon Web Services, n.d.). For this reason, MAD was preferred in this
study, as it provides a more reliable assessment of typical forecasting error and is easier to
interpret in the same physical units as the data, in this case kilograms.

Among these measures, MAD was chosen as the main selection criterion because it
expresses forecast error in the same physical units as the data, making it easy to interpret in
practical terms (eCampusOntario, 2024). By selecting the model with the lowest MAD, the
study minimizes the average absolute deviation between predicted and actual demand. This is
especially important in physical distribution management, because it supports a more accurate
determination of safety stock levels, helps prevent stockouts, and avoids the high costs
associated with overstocking (Amazon Web Services, n.d.). For these reasons, MAD was

selected as the optimal criterion for the final model.

2.11 Data Processing and Computational Workflow
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Before the implementation of the forecasting algorithms, a rigorous data preparation
phase was executed to ensure the reliability of the output.

1. Outlier Mitigation: Historical datasets often contain anomalies due to external shocks.
These were identified and treated to prevent them from distorting the trend line.

2. Logarithmic Transformation: For the Log-Linear model, the sales quantities were
transformed into natural logarithms (In). This stabilizes the variance and is particularly
useful in SCM when demand exhibits a multiplicative rather than an additive structure.

3. Software Implementation: Computational analysis was conducted using POM-QM
for Windows (Weiss, H. J. 2017). and the Data Analysis Tool pack in Microsoft
Excel. These tools provided the necessary ANOVA (Analysis of Variance) tables to

validate the statistical significance of the seasonal coefficients.

2.12 Impact on Supply Chain Optimization

The ultimate objective of this methodological framework is to translate statistical
accuracy into operational value. By minimizing the MAD, the organization can optimize its
procurement cycles and production scheduling. Accurate forecasting reduces the "bullwhip
effect" within the supply chain, leading to improved service levels and enhanced financial

performance.
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Chapter 3: Time Series Forecasting Methodology and Results

3.1 Data Collection and Pre-processing Methodology

The time series at the heart of this thesis draws on primary historical data extracted
from the Enterprise Resource Planning (ERP) system of PINDOS, an Agricultural Poultry
Cooperative based in Ioannina. In its raw state, the dataset covered a broad array of product
codes and various customer categories across the poultry sector. Working with such a
sprawling set of records meant that a careful pre-processing phase was essential before any
forecasting model could be applied.

To ensure the reliability and consistency of the models, the data went through a rigorous
cleaning and homogenization process. The raw records were first exported into Microsoft
Excel, where they were filtered and aggregated. In practical terms, this meant consolidating
multiple chicken product codes into one unified category that captured total chicken sales
measured in kilograms. Furthermore, sales across different professional segments were merged

so as to reflect the aggregate demand within the Peloponnese region. This step of data
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normalization was critical — it eliminated the noise inherent in disaggregated records and
produced a time series suitable for quantitative analysis (Stevenson, 2018).

Once the homogenized dataset was ready, it was imported into POM-QM for Windows
(Version 5.3), a specialized decision-support tool developed by Weiss (2017). We used this
software to apply a range of forecasting models and to compute key error metrics — most
importantly, the Mean Absolute Deviation (MAD). The objective was to ensure that model
selection rested on high-fidelity, processed operational data rather than raw, noisy inputs
(Render et al., 2017).

In our analysis, four main families of time-series forecasting methods were tested: the
moving average, the weighted moving average, exponential smoothing, and exponential
smoothing with trend adjustment. Each method's suitability was evaluated primarily through
MAD, which measures the average absolute distance between actual and forecast values. The
logic is straightforward: the lower the MAD, the closer the forecasts track reality, and the better

the method performs (Heizer et al., 2020; Stevenson, 2021).

3.2 Moving Average Method

The moving average is among the most intuitive forecasting techniques. It works by
computing the arithmetic mean of a specified number of previous observations, effectively
smoothing out random fluctuations and providing a short-term forecast. A key assumption here
is that all recent observations contribute equally to the next prediction — there are no
differentiated weights (Makridakis et al., 1998; Stevenson, 2021). While this simplicity is a
strength in terms of implementation, it also means the method cannot prioritize the latest data
over older values.

In the Excel file and through POM-QM, two versions of the method were examined to

gauge how the number of periods affects accuracy.
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3.2.1 Two-Period Moving Average

In the two-period version, the forecast for each period is simply the average of the two
immediately preceding actual values. It is the most responsive variant of the moving average,
since it considers only the two most recent data points. According to the results obtained from

the Excel file, this method produced the following outputs:

Bias (Mean Error): 2,860.136

MAD: 20,826.49

MSE: 677,186,000

Standard Error: 26,402.71

MAPE: 0.10066

Forecast for the next period: 270,397

What stands out is that while the method provides a reasonable degree of smoothing,

the MAD value remains notably higher than those produced by other techniques tested in this
study. In practical terms, this means that despite being easy to implement and understand, the
two-period moving average was not the optimal approach for capturing the dynamics of this
particular time series.
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Figure 2. POM-QOM chart output for the two-period moving average.

3.2.2 Three-Period Moving Average

The three-period moving average takes a broader view by using the average of the three

preceding observations to generate each forecast. In theory, averaging over more periods

should smooth out noise more effectively. The Excel results for this variant yielded the

following:

Bias (Mean Error): 4,100.354
MAD: 23,588.81

MSE: 827,287,600

Standard Error: 29,188.74
MAPE: 0.11280

Forecast for the next period: 278,847.3

Increasing the number of periods did smooth the series further, but it came at a cost:

the method lost responsiveness to recent changes. A closer look at the numbers reveals that

MAD actually increased compared to the two-period variant. This tells us that including one

additional period did not improve forecasting accuracy — it moved the forecast further away

from the true dynamics of the data.

MSec.
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Figure 3. POM-QOM chart output for the three-period moving average.

3.2.3 Interpretation of the Method's Results

Overall, the moving average method demonstrated moderate performance when applied
to this dataset. Its better-performing version turned out to be the two-period moving average,
which exhibited a lower MAD than the three-period alternative. Nevertheless, both variants
underperformed relative to methods that assign greater importance to the most recent
observations — a quality that becomes critical when the time series exhibits variation or does
not behave in a fully stable manner (Heizer et al., 2020). In short, the moving average serves

as a useful baseline, but the data clearly calls for something more adaptive.

3.3 Weighted Moving Average Method

The weighted moving average extends the simple moving average by assigning
different levels of importance to past observations. Rather than treating all previous values
equally, it gives greater weight to the most recent data points, which are generally considered
more representative of the current trend and underlying conditions (Render et al., 2018;
Stevenson, 2021). This makes intuitive sense: in a market environment that can shift quickly,
yesterday's data is often more informative than data from several months ago.

In our analysis, five different weight combinations were tested through POM-QM to

see which allocation best captured the pattern in the sales data.
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3.3.1 Weighted Moving Average with Weights 0.5/ 0.5

The first weight combination splits emphasis equally between the two most recent
periods. The performance measures were:
Bias: 2,860.136
MAD: 20,826.49
MSE: 677,186,000
Standard Error: 26,402.71
MAPE: 0.10066

Forecast for the next period: 270,397

It is worth noting that this result is mathematically identical to the two-period simple
moving average, which makes perfect sense — when both periods receive equal weight, the
weighted moving average reduces to the ordinary average. This serves as a useful sanity check
rather than a new finding.
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Figure 4. POM-QM chart output for weights 0.5 / 0.5.
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3.3.2 Weighted Moving Average with Weights 0.6 / 0.4

Shifting more emphasis toward the most recent period, this combination allocated 60%
of the weight to the latest observation and 40% to its predecessor. The results were:
Bias: 2,660.269
MAD: 20,229.89
MSE: 644,458,100
Standard Error: 25,756.80
MAPE: 0.09808

Forecast for the next period: 270,002

Forecast accuracy improved relative to the equal-weight specification, as reflected in
the lower MAD. This already hints at a pattern: the series rewards methods that pay closer

attention to its most recent behaviour.
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Figure 5. POM-QOM chart output for weights 0.6 / 0.4.
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3.3.3 Weighted Moving Average with Weights 0.7 / 0.3

Pushing the weight further toward the latest period, the 0.7 / 0.3 combination produced
the following:
Bias: 2,460.402
MAD: 19,733.38
MSE: 624,574,400
Standard Error: 25,356.35
MAPE: 0.09597

Forecast for the next period: 269,607

The downward trend in MAD continues here, which reinforces the observation that this
time series responds better when recent data receives a heavier weight. Each incremental shift

toward the latest observation has yielded a measurable improvement in accuracy.
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Figure 6. POM-QM chart output for weights 0.7 / 0.3.
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3.3.4 Weighted Moving Average with Weights 0.8 / 0.2

With 80% of the weight on the most recent observation and only 20% on the period
before it, this specification produced:
Bias: 2,260.534
MAD: 19,529.86
MSE: 617,535,900
Standard Error: 25,213.07
MAPE: 0.09509

Forecast for the next period: 269,212

This turned out to be the best-performing weighted moving average among all the
alternatives tested. The 0.8 / 0.2 combination achieved the lowest MAD within this family of
models, suggesting that the optimal balance for this dataset lies in placing strong — but not

total — emphasis on the most recent value.
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Figure 7. POM-QM chart output for weights 0.8 / 0.2.
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3.3.5 Weighted Moving Average with Weights 0.9 / 0.1

Finally, an extreme weighting scheme was tested, assigning 90% to the latest
observation and only 10% to the one before it. The results were:
Bias: 2,060.668
MAD: 19,649.13
MSE: 623,341,600
Standard Error: 25,331.31
MAPE: 0.09558

Forecast for the next period: 268,817

Although the method remained fairly accurate, the MAD increased slightly compared
with the 0.8 / 0.2 version. This is a telling result: pushing too much emphasis onto a single
observation introduces excessive sensitivity to period-to-period noise, and the marginal gain

from recency flips into a marginal loss. There is, in other words, a sweet spot.

aaaaaaaaa

nnnnn

Ll b bbbkl bl fa bl fab Dbl b bl b bl Lol ]
Time

Figure 8. POM-QOM chart output for weights 0.9 /0.1.
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3.3.6 Interpretation of the Method's Results

The analysis of the different weighting schemes reveals a clear pattern: accuracy
improves as the weight assigned to the most recent observation increases, but only up to a
certain point. Based on both the Excel file and the POM-QM results, the best-performing
version was the weighted moving average with weights 0.8 / 0.2, which achieved a MAD of
19,529.86. Beyond that threshold — at 0.9 / 0.1 — accuracy begins to deteriorate slightly. For
this time series, the weighted moving average outperformed the simple moving average
because it more effectively incorporated the relative importance of the latest data (Heizer et al.,

2020). Still, it remained to be seen whether exponential smoothing could do even better.

3.4 Exponential Smoothing Method

Exponential smoothing is one of the most widely used forecasting techniques in
practice, and for good reason. It assigns greater weight to recent observations without
completely discarding older data — the influence of past values declines exponentially over
time. This decay is controlled by the smoothing constant a (alpha), which ranges from 0 to 1.
A larger o makes the method more responsive to recent shifts, while a smaller a produces a

smoother, more stable forecast (Makridakis et al., 1998; Stevenson, 2021).
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In our analysis, multiple a values ranging from 0.00 to 0.99 were tested through POM-
QM. The goal was simple: find the a value that minimizes MAD, thereby producing the most

accurate forecasts for this specific dataset.

3.4.1 Results for Simple Exponential Smoothing

After testing the full range of smoothing constants, the best performance emerged at o
= 0.83. The results were as follows:
Bias: 2,328.134
MAD: 19,295.92
MSE: 611,494,400
Standard Error: 25,084.24
MAPE: 0.09417

Forecast for the next period: 269,661.9

This is the lowest MAD among all the principal time-series forecasting methods
examined in the POM-QM file, which signals that simple exponential smoothing with a
relatively high smoothing constant provided the best overall fit to the available data within the
smoothing family of methods.

It is worth noting how MAD declined as o increased. For instance, at o= 0.80 the MAD
stood at 19,334.67; at a = 0.81, it dropped to 19,320.41; at o = 0.82, it reached 19,305.89; and

at a = 0.83, it hit the minimum value of 19,295.92. This gradual improvement shows that the
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time series responds strongly to a method that places heavy emphasis on the most recent
observations — a pattern consistent with what we observed in the weighted moving average

experiments.
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Figure 9. POM-QM chart output for simple exponential smoothing (o = 0.83).

3.4.2 Exponential Smoothing with Trend

The analysis also examined trend-adjusted exponential smoothing to determine whether
explicitly incorporating both level and trend components could improve forecast accuracy. This
variant, sometimes referred to as Holt's method, uses two smoothing constants: o for the level
and f for the trend.

From the worksheet results, the combination o= 0.1 and = 0.1 produced the following
values:

Bias: 16,000.11

MAD: 26,069.76

MSE: 1,058,264,000
Standard Error: 32,999.07
MAPE: 12.11%

Forecast for the next period: 258,467.4
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In addition, for the combination o = 0.3 and § = 0.1, the results were:

Bias: 4,975.936

MAD: 22,688.74

MSE: 774,291,800

Standard Error: 28,226.50

MAPE: 10.94%

Forecast for the next period: 275,657.5

Accordingly in the present study, a grid search procedure was applied in order to select the
most appropriate parameter values, and the optimal specification was identified as the one
yielding the lowest MAD. We can observe the results in the table below

Exponential Smoothing with Trend

a\p 0.1 0.3 0.5 0.7 0.9

0.1 26.069,76 25.617,94 25.173,18 24.910,03 24.753,46

0.3 22.688,74 22.244,01 21.408,31 20.697,53 20.190,14

0.5 21.500,91 20.905,73 19.880,93 19.517,49 19.716,66

0.7 20.050,15 20.396,17 20.978,06 21.719,74 22.670,09

0.9 20.253,50 21.893,08 23.436,87 24.995,24 26.818,76

Across all 25 combinations of smoothing constants tested via POM-QM and the Excel file, the
parameters o = 0.5 (level smoothing) and B = 0.7 (trend smoothing) yielded the most accurate
forecast, minimizing the MAD to 19,517.49. While this represents a significant improvement
over the initial trend-adjusted specifications, it remains clearly worse than the simple

exponential smoothing model with o = 0.83. The conclusion is straightforward: for this dataset,
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the explicit inclusion of a trend component did not improve accuracy. The series apparently
does not exhibit a strong enough trend to justify the added model complexity.

The 25 trend-adjusted combinations tested are illustrated in Figures 10 through 35

below.
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Figure 10. Trend-adjusted exponential smoothing (0. = 0.1, f = 0.1)
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Figure 11. Trend-adjusted exponential smoothing (o = 0.2, f = 0.1)
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Figure 12. Trend-adjusted exponential smoothing (o = 0.3, f = 0.1)

50
MSc. in Supply Chain Management



HELLENIC
OPEN

N UNIVERSITY

Vasileios Apostolou, Forecasting Demand in Poultry industry

Demand(y)

250000

3
N S,

200000

150000

100000 |—

50000(—

3 5

innnnnnnnnn
7

| innnninnnnnnnnnAnnnnnn
T § A7 13 16 17 15 21 23 25 27 28 31 33 % 37 W 41 45 45 47 48 51 83 5 &7 59 o1 & €5 & 68 71 1
Time

Figure 13. Trend-adjusted exponential smoothing (a. = 0.5, = 0.1)
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Figure 14. Trend-adjusted exponential smoothing (a. = 0.5, p = 0.3)
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Figure 15. Trend-adjusted exponential smoothing (a. = 0.5, p = 0.5)
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Figure 16. Trend-adjusted exponential smoothing (a. = 0.5, = 0.7)
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Figure 17. Trend-adjusted exponential smoothing (o. = 0.5, f = 0.9)
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Figure 18. Trend-adjusted exponential smoothing (o = 0.7, f = 0.1)
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Figure 19. Trend-adjusted exponential smoothing (a. = 0.7, = 0.3)
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Figure 20. Trend-adjusted exponential smoothing (a. = 0.7, = 0.5)
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Figure 21. Trend-adjusted exponential smoothing (0. = 0.7, f = 0.7)
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Figure 22. Trend-adjusted exponential smoothing (0. = 0.7, = 0.9)
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Figure 23. Trend-adjusted exponential smoothing (0. = 0.9, f = 0.1)
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Figure 24. Trend-adjusted exponential smoothing (0. = 0.9, f = 0.3)
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Figure 25. Trend-adjusted exponential smoothing (a. = 0.9, = 0.5)
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Figure 26. Trend-adjusted exponential smoothing (a. = 0.9, f = 0.7)
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Figure 27. Trend-adjusted exponential smoothing (a. = 0.9, = 0.9)
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Figure 28. Trend-adjusted exponential smoothing (o = 0.1, = 0.3)
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Figure 29. Trend-adjusted exponential smoothing (o. = 0.1, f = 0.5)
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Figure 30. Trend-adjusted exponential smoothing (o = 0.1, f = 0.7)
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Figure 31. Trend-adjusted exponential smoothing (0. = 0.1, = 0.9)
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Figure 32. Trend-adjusted exponential smoothing (a. = 0.3, = 0.3)
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Figure 33. Trend-adjusted exponential smoothing (o = 0.3, = 0.5)
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Figure 34. Trend-adjusted exponential smoothing (0. = 0.3, f = 0.7)
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Figure 35. Trend-adjusted exponential smoothing (0. = 0.3, f = 0.9)

3.4.3 Interpretation of the Method's Results

Simple exponential smoothing proved to be the most effective time-series method in
the POM-QM analysis. The low MAD of 19,295.92 and the relatively modest MAPE indicate
that this method tracks the fluctuations of the series better than both the simple moving average
and the weighted moving average. The fact that the optimal a value is as high as 0.83 reinforces
a recurring theme in this chapter: the most recent information is especially important for

forecasting the next period in this dataset. Meanwhile, the trend-adjusted variant, despite
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offering theoretical appeal, did not manage to beat the simpler model ,a reminder that added

complexity does not always translate into added accuracy.

3.5 Regression-Based Forecasting Models

To complement the smoothing techniques explored above, three regression-based
forecasting specifications were estimated using the dataset in the file "linear regression
excel.xlsx." The motivation behind this step was to test whether incorporating a deterministic
trend and monthly seasonality could improve forecast accuracy beyond what the POM-QM
time-series methods achieved. For comparing these regression models, we relied primarily on
MAD, while R? and adjusted R? served as supporting indicators of goodness of fit (Makridakis
et al., 1998; Hyndman & Athanasopoulos, 2021).

The regression sample consists of 72 monthly observations of the variable "Quantity in
kilograms," spanning the period from 2019 to 2024. Time was coded sequentially from 1 to 72.
In the seasonal specifications, monthly dummy variables from February through December
were introduced, with January serving as the reference month. This structure was designed to
capture both the long-run upward trend and the recurring intra-year seasonal pattern that is

visible in the historical sales data.
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3.5.1 Overview of the Regression Specifications

Three alternative regression formulations were examined: a simple linear trend model,
a linear trend model with monthly seasonal dummy variables, and a log-linear trend model with

seasonality. Their principal outputs are summarized in Table 3.5.1.

Model MAD Forecast Next Period R? Adjusted R*
Linear trend model 21,727.90 266,941.73 0.522 0515
Linear trend with 12,690.21 248.425.05 0.847 0.815
seasonality
Log-linear trend with 13,631.13 24774647 0.814 0.776

seasonality

Table 3.5.1. Summary of regression-based forecasting models.

60
MSc. in Supply Chain Management



HELLENIC
OPEN
N UNIVERSITY

3.5.2 Linear Trend Model

From the output of excel tool we create the following results

Vasileios Apostolou, Forecasting Demand in Poultry industry

SUMMARY OUTPUT
Regression statistics

Multiple R 0,722282794
R Square 0,521692434
Adjusted R square 0,514859469
Standard error 27657,13412
Sample size 72
ANALYSIS OF VARIANCE

Degrees of freedom SS MS F Significance F
Regression 1 58400918759 58400918759 76,34934715 8,01E-13
Residual 70 53544194753 764917067,9
Total 71 1,11945E+11

Coefficients Standard error t P-value Lower 95% Upper 95%
Intercept 166903,3876 6587,350199 25,33695378 5,52227E-37 153765,3 180041,4
TIME 1370,388199 156,8342626 8,737811348 8,00788E-13 1057,592 1683,184
61
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The first specification estimates the straightforward relationship Q7 = a + b-t, where Q¢ denotes monthly quantity in kilograms and t is a
sequential time index. The estimated trend coefficient is positive and statistically significant (f = 1,370.39, p < 0.001), confirming an upward
movement in the sales series over time. However, the model's explanatory power is only moderate R* = 0.522 and adjusted R* = 0.515, because it
captures trend but completely ignores monthly seasonality.

MAD: 21,727.90

Forecast for the next period (t =73): 266,941.73 kg

From a forecasting perspective, the simple linear trend model performs better than the three-period moving average, but it is
materially weaker than the best smoothing specifications and, more importantly, weaker than the seasonal regression models. Its main limitation

is the omission of the pronounced monthly seasonal structure that is clearly visible in the historical data.
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3.5.3 Linear Trend Model with Seasonality

SUMMARY OUTPUT

Regression statistics

Multiple R

R square
Adjusted R square
Standard error

0,920063498

0,84651684
0,815299926
17065,02506

Vasileios Apostolou, Forecasting Demand in Poultry industry

Sample size 72
ANALYSIS OF VARIANCE
Degrees of freedom SS MS F Significance F
Regression 12 94763423770 7896951981 27,11725 1,31268E-19
Residual 59 17181689742 291215080,4
Total 71 1,11945E+11
Coefficients Standard error t P-value Lower 95% Upper 95%
Intercept 156915,1051 7601,99974 20,64129314 1,12E-28 141703,5388 172126,6715
TIME 1253,560857 98,13321721 12,77407276 1,24E-18 1057,196743 1449,924971
FEBRUARY -10126,87711 9852,985516  -1,027797827 0,30824 -29842,65559 9588,901372
MARCH -12755,66838 9854,45148  -1,294406736 0,200568 -32474,38024 6963,043485
APRIL -30416,97757 9856,894268  -3,085858156 0,003089 -50140,57744 -10693,3777
MAY 14138,42167 9860,313155 1,433871466 0,156888 -5592,019376 33868,86272
JUNE 22588,69672 9864,707125 2,289849707 0,025623 2849,463354 42327,93008
JULY 49564,85086 9870,074877 5,021729975 5,03E-06 29814,87665 69314,82507
AUGUST 43647,9141 9876,414822 4,419408752 4,3E-05 23885,25369 63410,57452
SEPTEMBER 25609,04998 9883,725091 2,591032201 0,01204 5831,761756 45386,33821
OKTOBER 21581,73646 9892,003531 2,18173562 0,033125 1787,883113 41375,5898
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NOVEMBER 17645,53477 9901,247714 1,782152642 0,07987 -2166,816145 37457,88568
DECEMBER 29553,08391 9911,454938 2,981709961 0,004161 9720,30839 49385,85943

The second specification adds monthly dummy variables to the deterministic trend, allowing the model to capture seasonal demand patterns.
This augmentation dramatically improves the fit: R? rises to 0.847 and adjusted R? to 0.815. The time trend remains positive and highly significant
(B = 1,253.56, p < 0.001), while the seasonal coefficients reveal strong positive deviations during the summer months — especially July and
August — and a statistically significant negative deviation in April.
MAD: 12,690.21

Forecast for the next period (t = 73): 248,425.05 kg

This is not just the best-performing regression model — it is the most accurate model across the entire forecasting exercise. The substantial
decline in MAD relative to the non-seasonal linear trend confirms what the data has been hinting at all along: explicit seasonal structure is

absolutely critical for this dataset. Without it, even sophisticated smoothing methods cannot compete.
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3.5.4 Log-Linear Trend Model with Seasonality

SUMMARY OUTPUT

Regression statistics

Multiple R
R square

Adjusted R square

Standard error

0,902090954
0,813768089
0,775890413
0,094306045

Sample size 72
ANALYSIS OF VARIANCE

Degrees of

freedom SS MS F Significance F

Regression 12 2,292860497 0,191071708  21,48410778 3,2639E-17
Residual 59  0,524724177 0,00889363
Total 71  2,817584675

Coefficients Standard error t P-value Lower 95% Upper 95% exp(b)
Intercept 11,97720061  0,042010752 285,0984603 2,51749E-94 11,89313729 12,06126392 159086,062
TIME 0,006067953  0,000542311 11,18905943 3,2334E-16 0,004982791 0,007153116 1,0060864
FEBRUARY -0,046573383  0,054450321  -0,855337163  0,395824723  -0,155528224 0,062381458 0,954494514
MARCH -0,061677055  0,054458422  -1,132553101 0,26198373  -0,170648107 0,047293996 0,940186466
APRIL -0,170916736  0,054471922  -3,137703428  0,002656999  -0,279914801 -0,061918672 0,842891753
MAY 0,078455084  0,054490816 1,439785465  0,155213247  -0,030580786 0,187490955 1,081614773
JUNE 0,121793381  0,054515098 2,234122019  0,029277593 0,012708922 0,23087784 1,129520697
JULY 0,233743886  0,054544762 4,285359015 6,83338E-05 0,12460007 0,342887702 1,263320897
AUGUST 0,210029529  0,054579798 3,848118476  0,000294907 0,100815606 0,319243453 1,23371449
SEPTEMBER 0,129795259  0,054620197 2,376323547  0,020750647 0,020500498 0,23909002 1,138595243
OKTOBER 0,108531248  0,054665946 1,985353893 0,051759429  -0,000855057 0,217917552 1,114639738
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NOVEMBER 0,093678078  0,054717031 1,712046061  0,092140275  -0,015810449 0,203166605 1,098206152
DECEMBER 0,146152553  0,054773439 2,668310679  0,009828006 0,036551154 0,255753952 1,157372735

The third specification estimates the model in logarithmic form, allowing the trend to be interpreted in relative rather than absolute terms
and smoothing the evolution of the series proportionally. This model also demonstrates strong explanatory performance, with R? = 0.814 and
adjusted R?=0.776. The time coefficient remains positive and statistically significant (3 =0.0061, p <0.001), while the back-transformed forecasts
yield a MAD of 13,631.13.

MAD: 13,631.13

Forecast for the next period: 247,746.47 kg
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Although the log-seasonal specification clearly outperforms the simple linear trend
model and all smoothing-based alternatives, it falls slightly short of the linear trend model with
seasonality. In this particular application, modelling monthly fixed seasonal effects in linear
form appears more beneficial than imposing an additional logarithmic transformation on the

data.

3.5.5 Interpretation of Regression Results

Taken together, the regression results tell a compelling story: the incorporation of
seasonality produces the largest accuracy gains of any modelling decision made in this study.
The linear trend model with seasonality reduces MAD by 41.6% relative to the simple linear
trend model and by 34.2% relative to the best non-regression time-series method. This provides
strong evidence that the demand series is not merely trending upward — it is governed by a
stable monthly seasonal cycle that is far better captured through regression with seasonal

dummies than through any form of smoothing alone.

3.6 Integrated Comparison of All Forecasting Methods

After estimating the moving average, weighted moving average, exponential
smoothing, trend-adjusted exponential smoothing, and regression-based models, we conducted
a comprehensive integrated comparison using MAD as the common evaluation criterion. Table
3.6.1 below summarizes the most relevant specifications from each methodological family and

ranks them from the most accurate to the least accurate.
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Rank Method Specification MAD Forecast Next Period
| Regression Linear trend with 12,690.21 248,425.05
seasonality
2 Regression Log-linear trend with 13,631.13 247,746 47
seasonality
Exponential .
3 ) Simple ES (o = 0.83) 19,295.92 269,661.90
smoothing
Holt-type ES (a= 0.5, p =
4 Trend-adjusted ES o(;) ype ES (@=0.5, B 19,517.49 n/a
e :
5 Weighted moving Weights 0.8 /0.2 19,529.86 269,212
average
6  eightedmoving Weights 0.9 /0.1 19,649.13 268,817
average
e :
;  Weighted moving Weights 0.7 /0.3 19,733.38 269,607
average
Weighted movi
8 eigtiiec moving Weights 0.6 /0.4 20,229.89 270,002
average
9 Moving average Two-period moving average 20,826.49 270,397
10 Regression Linear trend model 21,727.90 266,941.73
11 Moving average Three-period moving 23,588.81 278,847.30

average

Table 3.6.1. Integrated ranking of the principal forecasting specifications based on MAD.

3.6.1 Cross-Method Interpretation
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The integrated ranking paints a clear picture: the two regression models that explicitly
incorporate seasonality dominate all smoothing-based alternatives. The linear trend model with
seasonality achieved the lowest overall MAD at 12,690.21, followed by the log-linear seasonal
model at 13,631.13. By contrast, the best purely time-series specification from POM-QM
simple exponential smoothing with o = 0.83 produced a MAD of 19,295.92. In concrete terms,
the best seasonal regression model lowers the average absolute forecasting error by
approximately 34.2% relative to the best smoothing model.

Among the non-regression time-series techniques, simple exponential smoothing
remained the most accurate and parsimonious option, slightly outperforming trend-adjusted
exponential smoothing and the best weighted moving average. This indicates that recent
observations are highly informative for the next-period forecast. Nevertheless, the much
stronger performance of the seasonal regression models reveals that the dominant source of
forecast improvement lies in capturing stable monthly seasonality and not in smoothing the

recent history alone.

3.6.2 Final Recommendation

Based on the complete forecasting exercise, the linear trend model with seasonality is
recommended as the optimal specification for this dataset. It combines the lowest MAD, strong
explanatory power (R? = 0.847), and an economically interpretable structure that reflects both
upward market growth and recurring monthly demand effects. The log-linear seasonal model
may be retained as a robustness check, while simple exponential smoothing with a = 0.83 can
serve as a useful operational benchmark when a fast-updating rule is needed. However, for
strategic planning, budgeting, and medium-term demand forecasting, the seasonal linear
regression model provides the strongest overall empirical foundation (Box et al., 2015;

Hyndman & Athanasopoulos, 2021).
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Conclusion

This thesis showed that demand forecasting in the broiler sector is not merely a
statistical exercise but a strategic management tool in an environment characterized by cost
pressure, perishability, narrow margins, and recurring seasonal variation. The analysis of the
Greek broiler market highlighted the importance of vertical integration, contractual production
arrangements, retailer bargaining power, evolving consumer preferences, and the strong
influence of feed, energy, and compliance costs on business operations.

The comparative evaluation of forecasting methods demonstrated that the inclusion of
seasonality is the most decisive modelling choice for this dataset. Among all examined
approaches, the linear trend model with seasonality achieved the lowest Mean Absolute
Deviation (MAD), outperforming both the simpler smoothing methods and the non-seasonal
regression specification. This indicates that monthly broiler demand follows a pattern shaped
simultaneously by a long-run upward trend and by stable intra-year fluctuations.

The practical implications of these findings are substantial. A more accurate forecasting
framework can improve production scheduling, inventory management, distribution planning,
and coordination across the supply chain. In a sector where forecasting errors can quickly
translate into stockouts, waste, or unnecessary storage costs, the adoption of a model that
captures both trend and seasonality can strengthen operational efficiency and support more
informed managerial decision-making.

Finally, the thesis contributes by linking sector-specific market analysis with
quantitative decision-support tools. Its results suggest that businesses operating in the Greek
broiler market should not rely exclusively on simple adaptive forecasting rules when stable
seasonal effects are present. Instead, forecasting models that explicitly incorporate seasonality

offer a stronger empirical basis for medium-term planning and supply chain optimization.
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APPENDIX A

Vasileios Apostolou, Forecasting Demand in Poultry industry

Linear trend model

Residuals output

MSec. in Supply Chain Management

Sample size Predicted quantity in kilos Residuals
1 168273,7758  -35808,38576
2 169644,164 -31478,44396
3 171014,5522  -41618,93216
4 172384,9404  -25983,85036
5 173755,3286 18495,40144
6 175125,7168 26001,86324
7 176496,105 49319,29504
8 177866,4932 52611,72685
9 179236,8814 21661,03865
10 180607,2696 1665,950448
11 181977,6578 6883,482248
12 183348,046 26181,66405
13 184718,4341  -19312,99415
14 186088,8223 -16745,71235
15 187459,2105 -25138,65055
16 188829,5987  -80543,00875
17 190199,9869  -28794,78695
18 191570,3751 8054,594855
19 192940,7633 27484,96666
20 194311,1515 20026,99846

Abolute
Distance
35808,38576
31478,44396
41618,93216
25983,85036
18495,40144
26001,86324
49319,29504
52611,72685
21661,03865
1665,950448
6883,482248
26181,66405
19312,99415
16745,71235
25138,65055
80543,00875
28794,78695
8054,594855
27484,96666
20026,99846

21727,9
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21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
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195681,5397
197051,9279
198422,3161
199792,7043
201163,0925
202533,4807
203903,8689
205274,2571
206644,6453
208015,0335
209385,4217
210755,8099
212126,1981
213496,5863
214866,9745
216237,3627
217607,7509
218978,1391
220348,5273
221718,9155
223089,3037
224459,6919
225830,0801
227200,4683
228570,8565
229941,2447
231311,6329
232682,0211
234052,4093
235422,7975
236793,1857

-7043,264743
28384,00206
9111,913859
18781,73566
3812,427461

-1733,860738

-5522,998937

-12433,80714
23082,30466
24235,75647
60992,01827
49635,88007
12678,61187

-12608,94633

-15372,69453
-7289,62273

-13615,54093

-42072,68913

-24959,98733

-58961,46553
1846,936275

-7998,871924
28289,89988
21038,90168
22313,49348
6056,695279
12803,00708
37772,80888
3410,170682

-34091,22502

-22955,14572

7043,264743
28384,00206
9111,913859
18781,73566
3812,427461
1733,860738
5522,998937
12433,80714
23082,30466
24235,75647
60992,01827
49635,88007
12678,61187
12608,94633
15372,69453

7289,62273
13615,54093
42072,68913
24959,98733
58961,46553
1846,936275
7998,871924
28289,89988
21038,90168
22313,49348
6056,695279
12803,00708
37772,80888
3410,170682
34091,22502
22955,14572
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52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
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238163,5739
239533,9621
240904,3503
242274,7385
243645,1267
245015,5149
246385,9031
247756,2913
249126,6795
250497,0677
251867,4559
253237,8441
254608,2323
255978,6205
257349,0087
258719,3969
260089,7851
261460,1733
262830,5615
264200,9497
265571,3379

-60526,32392
4762,398485
-6921,080314
7787,657487
5379,453888
7024,951089
-14893,44811
-4392,801309
9651,490491
-20145,25771
-16999,87591
-39399,80411
-27815,88231
-19025,1605
6995,517297
37649,9031
26628,1949
9752,176699
32917,9085
8171,080301
2850,242102
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60526,32392
4762,398485
6921,080314
7787,657487
5379,453888
7024,951089
14893,44811
4392,801309
9651,490491
20145,25771
16999,87591
39399,80411
27815,88231

19025,1605
6995,517297

37649,9031

26628,1949
9752,176699

32917,9085
8171,080301
2850,242102
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APPENDIX B

‘ Linear trend model with seasonality

Residuals output

Absolut
Sample size Predicted quantity in kilos Residuals residuals
1 158168,666 -25703,27597 25703,28 MAD= 12690,21159
2 149295,3497 -11129,62972 11129,63
3 147920,1193 -18524,4993 18524,5
4 131512,371 14888,71903 14888,72
5 177321,3311 14929,39893 14929,4
6 187025,167 14102,41303 14102,41
7 215254,882 10560,51803 10560,52
8 210591,5061 19886,71393 19886,71
9 193806,2028 7091,717197 7091,717
10 191032,4501 -8759,230136 8759,23
11 188349,8093 511,330697 511,3307
12 201510,9193 8018,790697 8018,791
13 173211,3962 -7805,956248 7805,956
14 164338,08 5005,030002 5005,03
15 162962,8496 -642,2895818 642,2896
16 146555,1012 -38268,51125 38268,51
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17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47

MSec. in Supply Chain Management

192364,0613
202067,8972
230297,6122
225634,2363
208848,9331
206075,1804
203392,5396
216553,6496
188254,1265
179380,8103
178005,5799
161597,8315
207406,7916
217110,6275
245340,3425
240676,9666
223891,6634
221117,9107
218435,2699
231596,3799
203296,8568
194423,5406
193048,3101
176640,5618
222449,5219
232153,3578
260383,0728
255719,6969
238934,3936

236160,641
233478,0001

-30958,86135
-2442,927248
-9871,882248
-11296,08635
-20210,65808
19360,74958
4141,690418
2020,790418
16721,39347
21418,80972
20375,29014
31242,61847
22320,15837
15140,16247
25037,09747
19714,72337
913,1466394
-20230,27069
-18940,98986
-22648,63986
695,3531939
-17518,09056
2340,229861
-13883,11181
2486,718094
-15692,53781
-6263,092806
-7480,326906
11949,95636
-162,7009727
10636,63986
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30958,86
2442927
9871,882
11296,09
20210,66
19360,75

4141,69

2020,79
16721,39
21418,81
20375,29
31242,62
22320,16
15140,16

25037,1
19714,72
913,1466
20230,27
18940,99
22648,64
695,3532
17518,09

2340,23
13883,11
2486,718
15692,54
6263,093
7480,327
11949,96

162,701
10636,64
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48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72

246639,1101
218339,5871
209466,2708
208091,0404
191683,2921
237492,2522
247196,0881
275425,8031
270762,4272
253977,1239
251203,3713
248520,7304
261681,8404
233382,3174
224509,0011
223133,7707
206726,0224
252534,9825
262238,8184
290468,5334
285805,1575
269019,8542
266246,1015
263563,4607
276724,5707

23815,71986
19122,99292
-8134,698335
5746,999582
-14046,04208
6804,108415
-13212,81808
-25363,40708
-21737,84658
-1936,657918
-19710,91625
-5157,240418
-2903,670418
-3030,507364
10358,57889
-9295,730697
20066,32764
-15581,52246
2105,707636
5900,766636
912,8225363
2192,495803
29502,36847
8808,569303
-8302,990697
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23815,72
19122,99
8134,698
5747
14046,04
6804,108
13212,82
25363,41
21737,85
1936,658
19710,92
5157,24
2903,67
3030,507
10358,58
9295,731
20066,33
15581,52
2105,708
5900,767
912,8225
2192,496
29502,37
8808,569
8302,991

83



HELLENIC
OPEN
N UNIVERSITY

APPENDIX C

Residuals output

Sample size

Predicted [ng

Residuals

Standardized
residuals

© 0o N UM~ WNBR

e T S S Gy i Y
N O oo WONN PR, O
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11,98326856
11,94276313
11,93372741
11,83055568
12,08599546
12,1354017
12,25342016
12,23577376
12,16160744
12,14641138
12,13762617
12,1961686
12,056084
12,01557857
12,00654285
11,90337112
12,15881089

-0,189191875
-0,106554015
-0,163097597
0,063549645
0,080560229
0,076293007
0,074052967
0,112137887
0,048944755
-0,033149335
0,011141147
0,056452226
-0,039929045
0,024103607
-0,009214423
-0,310834516
-0,167137641

-2,200726734
-1,239462681
-1,89719163
0,739225199
0,937096531
0,887459148
0,861402445
1,304415668
0,569337504
-0,385601273
0,129596583
0,65666627
-0,464464537
0,280379119
-0,107184445
-3,615704048
-1,944186414
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Y

160054,3235

153700,799
152318,2574
137386,8133
177370,3955
186353,6898
209697,2627
206029,3183
191301,7767
188416,7199

186768,688
198028,9668
172143,5492
165310,1302
163823,1624
147763,9163
190767,5391

real data
132465
138166
129396
146401
192251
201128
225815
230478
200898
182273
188861
209530
165405
169343
162321
108287
161405

absolute
(prediction
data-real data)
27589
15535
22923
9014
14880
14774
16118
24449
9596
6143
2092
11501
6738
4033
1503
39477
29362
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18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
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12,20821714
12,3262356
12,3085892

12,23442288

12,21922682

12,21044161

12,26898403

12,12889943

12,088394

12,07935828

11,97618656

12,23162633

12,28103258

12,39905104

12,38140463

12,30723832

12,29204226

12,28325704

12,34179947

12,20171487

12,16120944

12,15217372

12,04900199

12,30444177

12,35384802

12,47186648

12,45422007

12,38005376
12,3648577

12,35607248

12,41461491

-0,004021407
-0,022919509
-0,03327901
-0,086836309
0,106564451
0,032609963
0,025897888
0,101746403
0,121668771
0,118585763
0,193431885
0,113020378
0,074540478
0,108523149
0,088537641
0,015749475
-0,081541234
-0,0797162
-0,09196002
0,024122214
-0,077838753
0,030571645
-0,04898566
0,019130495
-0,068683178
-0,02630468
-0,032071311
0,052693599
0,006720658
0,049320749
0,093245467

-0,046778006
-0,266605408
-0,387109684
-1,010101445
1,23958408
0,379327167
0,301250647
1,183539344
1,415281262
1,379418953
2,250047578
1,314681016
0,867073292
1,262368134
1,029891765
0,183201797
-0,948507822
-0,927278575
-1,069701716
0,280595568
-0,90543965
0,355616947
-0,569813322
0,22253065
-0,798939731
-0,30598255
-0,373061435
0,612944989
0,078176353
0,573711161
1,084654356
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200429,3596
225536,1197

221591,128
205751,1855
202648,2147
200875,7036
212986,4939
185145,8985
177796,3376
176197,0561
158924,8228
205176,5959
215568,1932
242571,3175
238328,3527
221291,9873
217954,6429
216048,2504
229073,7932
199130,3415
191225,6535

189505,575
170928,7351
220673,9979
231850,4935
260893,2181
256329,7736
238006,6173
234417,1964
232366,8103
246376,1986

199625
220426
214338
188638
225436
207534
218574
204976
200800
198381
192840
229727
232251
270377
260392
224805
200888
199494
208948
203992
176905
195389
162757
224936
216461
254120
248239
250884
235998
244115
270455

804
5110
7253

17113
22788
6659
5588
19830
23003
22184
33916
24550
16683
27806
22063
3513
17067
16554
20126
4862
14320
5883
8171
4262
15390
6773
8090
12878
1581
11748
24079
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49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72

12,27453031
12,23402488
12,22498916
12,12181743
12,37725721
12,42666346
12,54468191
12,52703551
12,45286919
12,43767314
12,42888792
12,48743035
12,34734575
12,30684032

12,2978046
12,19463287
12,45007264
12,49947889
12,61749735
12,59985095
12,52568463
12,51048857
12,50170336
12,56024578

0,103235023
-0,021316437
0,047985025
-0,034318604
0,028880153
-0,06365856
-0,115216165
-0,101728623
-0,015524261
-0,085370575
-0,026576471
-0,02370386
1,72808E-05
0,059936828
-0,024830413
0,13715725
-0,074453615
-0,01447034
-0,018135761
-0,033596585
-0,015027259
0,086776035
0,013220811
-0,059931702

1,200855343
-0,247958071
0,558173687
-0,399202495
0,335941095
-0,740492129
-1,340222953
-1,183332523
-0,180582045
-0,993051666
-0,309144086
-0,275729167
0,000201015
0,697200021
-0,288833513
1,595447088
-0,866062878
-0,168322573
-0,210959667
-0,390803791
-0,174800799
1,009400327
0,153787751
-0,697140391
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214171,0576
205669,3126
203819,3131

183839,327
237341,9498
249362,6286
280599,0089
275690,8782
255983,7369
252123,1999

249917,944
264985,4896
230347,8294
221203,9304
219214,1968

197725,082
255268,8657
268197,4907
301793,2177

296514,366
275318,7046
271166,5734
268794,7501
285000,3778

237463
201332
213838
177637
244296
233983
250062
249025
252040
231492
243363
258778
230352
234868
213838
226792
236953
264345
296369
286718
271212
295748
272372
268422

23292
4338
10019
6202
6954
15379
30537
26666
3943
20631
6554
6207

13664
5376
29067
18315
3853
5424
9796
4106
24582
3577
16579
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2019

2019

2019

2019

2019

2019

2019

2019

2019

2019

2019

2019

2020

2020

2020
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Month

10

11

12
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quantities in kilos
132465
138166
129396
146401
192251
201128
225815
230478
200898
182273
188861
209530
165405
169343

162321

time

10

11

12

13

14

15

FEBRUARY

MARCH

APRIL
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MAY

JUNE

JULY

AUGUST

SEPTEMBER

OKTOBER

NOVEMBER

DECEMBER

87

lng
11,79408
11,83621
11,77063
11,89411
12,16656
12,21169
12,32747
12,34791
12,21055
12,11326
12,14877
12,25262
12,01615
12,03968

11,99733



2020

2020

2020

2020

2020

2020

2020

2020

2020

2021

2021

2021

2021

2021

2021

2021

2021

2021

2021

10

11

12

10

MSec. in Supply Chain Management

HELLENIC
OPEN

N UNIVERSITY

108287
161405
199625
220426
214338
188638
225436
207534
218574
204976
200800
198381
192840
229727
232251
270377
260392
224805

200888

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

Vasileios Apostolou, Forecasting Demand in Poultry industry

0 0 0 0 0
1 0 0 0 0
0 1 0 0 0
0 0 1 0 0
0 0 0 1 0
0 0 0 0 1
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
1 0 0 0 0
0 1 0 0 0
0 0 1 0 0
0 0 0 1 0
0 0 0 0 1
0 0 0 0 0

88

11,59254

11,99167

12,2042

12,30332

12,27531

12,14759

12,32579

12,24305

12,29488

12,23065

12,21006

12,19794

12,16962

12,34465

12,35557

12,50757

12,46994

12,32299

12,2105



2021

2021

2022

2022

2022

2022

2022

2022

2022

2022

2022

2022

2022

2022

2023

2023

2023

2023

2023

11

12

10

11

12

MSec. in Supply Chain Management

HELLENIC
OPEN

N UNIVERSITY

199494
208948
203992
176905
195389
162757
224936
216461
254120
248239
250884
235998
244115
270455
237463
201332
213838
177637

244296

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

Vasileios Apostolou, Forecasting Demand in Poultry industry

0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
1 0 0 0 0
0 1 0 0 0
0 0 1 0 0
0 0 0 1 0
0 0 0 0 1
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
1 0 0 0 0

&9

12,20354

12,24984

12,22584

12,08337

12,18275

12,00002

12,32357

12,28516

12,44556

12,42215

12,43275

12,37158

12,40539

12,50786

12,37777

12,21271

12,27297

12,0875

12,40614



2023

2023

2023

2023

2023

2023

2023

2024

2024

2024

2024

2024

2024

2024

2024

2024

2024

2024

2024

10

11

12

10

11

12

MSec. in Supply Chain Management

HELLENIC
OPEN

N UNIVERSITY

233983
250062
249025
252040
231492
243363
258778
230352
234868
213838
226792
236953
264345
296369
286718
271212
295748
272372

268422

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

Vasileios Apostolou, Forecasting Demand in Poultry industry

0 1 0 0 0
0 0 1 0 0
0 0 0 1 0
0 0 0 0 1
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
1 0 0 0 0
0 1 0 0 0
0 0 1 0 0
0 0 0 1 0
0 0 0 0 1
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0

90

12,363

12,42947

12,42531

12,43734

12,3523

12,40231

12,46373

12,34736

12,36678

12,27297

12,33179

12,37562

12,48501

12,59936

12,56625

12,51066

12,59726

12,51492

12,50031



