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Abstract 
This work will show the dynamics involved in the study of the honey agri-food 
chain in Argentina. The method explained would show how to model and sim
ulate complex feedback mechanisms allowing the behaviour analysis of a de
termined system over a period of time. These simulations will allow quantita
tive predictions for future scenarios to take place, being a useful tool to test di
verse policies. 

We chose the honey agri-food chain as our study objective since it's a simple 
product. It does not require industrial processing and is an export-oriented ac
tivity. 

Agrifood chains are a 
particular case among sup
ply chains (Se). We de
fine a se as a group of e
conomic entities (suppli
ers, producers, distribu
tors) that work together 
to acquire raw materials, 
produce goods, and deliv- The system model is elaborated from a causal loop diagram, and after com-

paring some variables of interest with historical series; simulations are made 
er these goods to con- in order to determine the impact of diverse future scenarios, like the effect of 
sumers. (Beamon, 1998) the devaluation, China behaviour in markets, and climatic and technological s
These chains are charac- cenanos. 

terized by a forward flow 
of materials (producer
consumer) and backward 
information flow. Over 
the past years, the process
es involved in the se have 
been investigated sepa
rately. Nevertheless, there 
has been an increased in
terest in studying the per
formance, design and 
analysis of the se as a w
hole. 

The relation of system dynamics and supply chain management is reviewed, 
and the usefulness of system dynamics as a tool for predicting different sce
narios and for supply chain redesign is highlighted. 

Resume 
Ce travail illustre les dynamiques impliqUl!es dans l'etude de la chaine agro
alimentaire du miel en Argentine. La methode presentee illustre comment 
modeliser et simuler les mecanismes de feedback qui permettent I 'analyse du 
comportement d'un systeme dans une periode de temps donnee. Ces simula
tions permettront des previsions quantitatives de I' occurrence de scenarios fu
turs ; ceci etant un instrument utile pour tester difJerentes politiques. 

La chaine agro-alimentaire du miel a ete choisie en tant qu 'objet de notre e
tude car il s 'agit d 'un produit simple. Il ne requiert aucune transformation in
dustrielle et il s 'agit d 'une activite orientee cl l'exportation. 

Le modele de systeme est elabore cl partir d'un diagramme de causalite, et 
apres avoir compare certains variables d'interet avec des series historiques, 
les simulations sont faites afin de determiner I 'impact de difJerents scenarios 
futurs, tel l 'eJJet de la devaluation, le comportement de la Chine dans les 
marches ainsi que les scenarios climatiques et technologiques. 

chain, were obtained by 
Southall and collabora
tors (Southall et aI., 
1998), Petrovic, (Petro
vic, 2001) and particular
ly by Van der Vorst r:v an 
der Vorst, 2000), who e
valuated the performance 
of a food se in different 
scenanos. 

The continuum dy
namic models used to s
tudy the se are based on 
the system dynamics 
methodology (Forrester, 
1961). This technique 
has been used in the 
analysis of diverse aspects 
of the se, the interna
tional management of 
SC's (Akkermans et aI., 
1999), redesign strategies 
by market changes (T ow
ill, 1996), and benefits 
optimization and costs 
reduction in three stages 
chains (Barlas and Akso
gan, 1997). Because they 
involve multiple chains 
of stocks and flows, with 
the resulting time delays, 

The complexity of the 
system requires a multi
disciplinary approach, 
and the consequent gener
ated models use a large va
riety of techniques and tools. These models can be classi
fied in several ways: static or dynamic, stochastic or de
terministic, analytical or numerical, discrete or continu
um, for optimization or simulation. 

Dynamic models allow us to examine the se behavior 
as a response to changes in the external chain environ
ment. One of the possible approaches is constituted by a 
model representing the se as a system of discrete events. 
Interesting results with this technique, including diverse 
aspects of uncertainty in different parameters of the 

and because the decision 
rules governing the flows often create important feed
backs among the partners in the se, system dynamics is 
well suited for se modeling and policy design (Sterman 
2000). 

* Agribusiness and Food Programme, School of Agronomy, University 
of Buenos Aires 
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We apply the system dynamics methodology in this 
work to study a specific agrifood chain, in order to de
scribe its operation, and to try to predict the behavior in 
several future scenarios over a period of five years. 

We chose Argentinean honey as our agrifood chain of 
analysis. Argentina is the third leading honey producer 
after ehina and Mexico having reached first place in ex
ports during the year 2000. It generated over US$ 
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87,000,000 in profits; mainly due to increased and sus
tained production and a low national consumption. We 
restricted ourselves to bulk commercialized honey since it 
does not require industrial processing, and this is the main 
reason why we chose this agrifood chain. We also chose 
it since it's strongly oriented for exportation. 

The apicultural sector is part of the Argentinean agro
industrial complex, which in turn includes more than half 
of the country's external sales. For this reasons, the avail
ability of diagnosis, analysis and prediction tools that con
tribute to the decision making in policy design are of s
trategic importance. 

2. System Dynamics and Supply Chains 
Several authors have applied system dynamic tools, 

firstly to the study of se performance. A classic and in
tuitive presentation of systemic consequences of manage
rial actions in successive stages of a se is the Beer Distri
bution Game, developed at MIT IS Sloan School of Man
agement in the US (Forrester 1958; 1961). The game con
sists of 4 se stages: retailer, wholesaler, distributor and 
producer. The game is designed in order that each actor 
has limited information about inventory levels and orders 
to be placed by the other actors, and also there are delays 
between orders and shipments. When this game is played, 
the outcome is that huge order fluctuations and demand 
amplification take place in the se. Orders to the supplier 
tend to have larger variances than orders from the buyer, 
being the distortion propagated upstream in an amplified 
form, phenomena known as Forrester effect or Bullwhip 
effect. 

To reduce the above mentioned demand amplification, 
it was suggested by several authors that all time delays in 
good and information flows should be minimized, and 
that each actor should know the true market demand to 
improve the decision rules at each stage of the se (Van 
der Vorst 2000). This author also presented a step-by-step 
approach to generate, model and evaluate supply chain s
cenarios. After defining the system boundaries, objectives 
and se key performance indicators, he devised an ap
proach to identify sources of uncertainty and to identify 
potentially effective se scenarios as well. By means of this 
approach, a methodology for generating, modeling and e
valuating se scenarios is created. However, he utilized 
computational tools based on discrete events to model se 
as a network of administrative and physical logistical ac
tivities with precedence relations in time, in order to cap
ture the dynamic behavior of the se process. 

A se is a complex structure composed of several ele
ments heavily interconnected, and in which product and 
information does not flow instantaneously, but having 
delays which can be of consideration. 

In the bibliography, the se is generally analyzed con
sidering ties between players limited to orders, delivery 
delays and shipments. However, players are reluctant to 
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share other type of information. This is because each 
player adjust its orders empirically on the basis of its best 
understanding of delays along the se. If each player 
would know the actual order rates of the others, it would 
be hard to manipulate orders to get the desired quota of 
materials when delays are long (Sterman 2000). 

Usually bottlenecks are encountered in se, arising from 
imbalances between growth of production, processing in
dustry, retail and consumer preferences, as reported in the 
case of a System Dynamics study on the dutch organic 
food chains (Schepers 2002). This could be the case of Ar
gentinean honey chain, where demand largely exceeds 
production. System Dynamics was also applied to the s
tudy of changes of supply and demand in the pork chain 
under different coordination mechanisms (Sonka and 
Cloutier, 1998) . These authors reported that a three peri
od 5% step decrease in supply required 28 months to sta
bilize the system under an informational feedback coor
dination mechanism, while 35 months were needed to sta
bilize the system under a price coordination mechanism. 
They also presented different scenarios for supply (base 
case and high frequency fluctuations) and demand Qinear 
or oscillating), concluding that faster transmission of in
formation makes a difference when demand begins to os
cillate (considering an scenario of high frequency supply 
fluctuations and oscillating demand growth). 

Apart from the above mentioned advances in agrifood 
se modeling, in aggregated se, state policies are the main 
ones that should watch over for a proper functioning of 
an agrifood chain. In Argentina, the unstable institution
al frame hampers chain competitiveness, although the de
valuation in late 2001 lead to artificial increase in compet
itiveness as a results of a more real exchange rate. Also, 
very often is difficult for public officials to deliver regula
tions which can benefit a player in the chain without af
fecting another one. For example, export promotion im
plemented by Argentine Government in 2002 could ben
efit exporter profits while overlooking primary produc
ers. Honey chain has to change from an old paradigm of 
transactional behavior to a more interactive, relationship 
based and network-like relational paradigm (Lindgreen 
and Beverland 2002) which can take account of far-off 
players from consumer in the chain, who are the ones 
that bear the worse part of chain instability and order os
cillations, as described above. 

3. System Dynamics and Supply Chain 
Management 

System dynamics modeling in Supply chain manage
ment (SeM) was previously reviewed (Angerhofer and 
Angelides, 2000). They presented a taxonomy of research 
and development based in five categories of research areas: 
inventory management, demand amplification (which 
was described in the previous section), supply chain re-en
gineering, supply chain design and international SeM. S-
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ince the first published work in System Dynamic Model
ing related to SCM of Forrester in 1958, little efforts were 
made on developing System Dynamics, as stated by T ow
ill, who argued that the use of industrial dynamic model
ing of real-life SC has only recently emerged from the 
shadows after a lengthy gestation period (Towill 1996a). 
In recent years, a more integrated approach was attempt
ed to study the SCM from the an international manage
ment focus of SC (Akkermans et aI., 1999). This supposes 
the existence of a clear focus on integration and co-ordi
nation for better profitability and customer service. Sup
ply chain design is an important factor so as to managers 
can optimize the allocation of resources for achieving 
profits maintaining quality. For example, when firms 
grow, they face the decision of increasing its actual pro
duction of the plant or to expand by building new ones. 
This is a typical example of a decision-making problem, 
which will evolve in a new SC design, and where System 
Dynamics can help in order to support manager decision 
in a quantitatively manner. In this sense, System Dynam
ics proved to be an useful tool for considering soft vari
ables (for example, motivation, skills), which otherwise 
are not taken in account at all in other frameworks of 
analysis. Supply chain re-engineering will be briefly tack
led in the next section. 

3.1. Trust, Redesign and Reengineering s
trategies in the Supply Chain 

Trust among partners of a SC is an important condition 

merged approximation to a SCM approach. This could 
not be done without trust among partners and making use 
of existing assets and social capital. 

Quality, customer service level, total cost and lead time 
are the key variables to consider when redesigning se. 
The main reengineering strategies reported for SC are 
based in the optimization of these components, founded 
in minimizing lead times, reducing delays and conse
quently total costs (Towill, 1996b). In order to measure 
the performance of redesigned chains compared with oth
ers, construction of indicators for SC benchmarking has 
been reported Gohansson et. al. 1993, in Angerhofer and 
Angelides 2000), in this case using these four components: 
they quantitatively defined performance in SC as quality 
times customer service level divided by total cost times 
lead time. SC modeled using System Dynamics are con
venient for assessing the results of redesigned policies, as 
it is possible to quantitatively predict several scenario 
outcomes, evaluating its performance with respect to the 
selected variables. 

4. Methodology 
We apply the system dynamics methodology. It allows 

us to analyze the behavior of a system over time. This 
method allows approaching problems related to nonlinear 
complex systems with feedback loops. Basically, it con
sists of a system model representation made up by two 
main elements: stvcks and flows. The stocks consist of 
levels that can increase or diminish only gradually in 
time, in function of the respective inflows and outflows, 

for an efficient redesign. 
Without trust among part
ners, the conflict and mis
trust created by naturally 
occurring SC instability 
feed back to worsen the in
stability in a vicious cycle 
(Sterman 2000). 

Figure 1. Simplified flow diagram 
which in turn depend on 
the available information 
(through auxiliary vari
ables) and stocks. The 
model is completed by 
auxiliary variables and 
functional relationships. 

Honey export initiatives 
in Argentina surged from 
groups of action which uti
lized efficiently govern
ment help through sub
sides. For example, in Santa 
Fe province a group nucle
ated into a cooperative, al
lowing small honey pro
ducers access to costly ma
chines for accomplishing 
international food safety 
standards. Cooperative 
management contributed 
to coordinate production, l
ogistics and distribution 
steps, in a naturally e-

I 
Small and medium 

producers 

... Stockers 

, 
Exporters 

r 
External 
markets 
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producers 
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The necessary steps for 
the construction and use 
of the model are: 
1. Information survey rela
tive to material and infor
mation flows (production, 
distribution economic, 
etc.) Causal loop diagram 
(CLD) construction for 
the model. 
2. Mathematical formaliza
tion (stock and flow dia
gram SFD) and model val
idation. 
3. Possible future scenario 
simulations. 

These three steps are not 
independent, since it is of-
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ten necessary to go back to make corrections or adjust
ments. 

5. Results 
5. 1 Argentinean Honey Agrifood Chain 

Overview 
Beekeeping in Argentina has grown over the last twen

ty years, duplicating its production in the last ten years. 
Bulk exported honey experienced the same growth, with 
Argentina becoming the world's leading exporter in the 
year 2000. This growth is justified by the increasing glob
al demand for the product and the rise in local produc
tion. 

The productive sector is made up by nearly 25,000 pro
ducers, and they usually are not devoted to honey pro
duction as their main source of income. Due to the quan
tity and scale of producers, the stockpilers have an im
portant function in this chain because they concentrate 
honey production and sell it to the domestic market or 
exporters. The commercialization and distribution chan
nels for honey are strongly oriented to the external mar
ket. Generally, honey is exported as a commodity. The 
mainstream showed in Figure 2, involves approximately 
80% of total production. 

5.2 System Definition 
We are interested in the analysis of the se export per

formance, in several scenarios. Since 95% of the produced 
honey is exported, we build the model based on the flow 
diagram (Figure 1). In all cases, our horizon extends to 
five years. 

The actors included in the system are: 
• Small and medium producers 
• Big producers 
• Stockpilers 
• Exporters 

the chain. Basically, this information is based on prices 
and demand. 

All feedback systems have a closed boundary; inside this 
limit a distinct behavior is generated. This limit is estab
lished when the system variables are classified as endoge
nous or exogenous. Endogenous variables are included in 
feedback loops, and are determined by the dynamics of 
the system. The exogenous variables are not affected by 
the system IS behavior, and generally are constants or vari
ables in time. 

5.3 Model Assumptions 
The construction of models that represent to some de

gree the complex reality requires assumptions originated 
by the necessity to simplify the involved processes; or al
so in the lack of information about specific aspects that af
fect the system I s dynamic. 

How we elect model assumptions is very important, s
ince the system's behavior is derived from them. For this 
reason, assumption specification is generally made up of a 
balance between the degree of realism and simplification 
required. Next, we detailed the main assumptions of this 
work: 
1. External demand: We were not able to find informa

tion about the real external demand for honey in the 
available databases. However, from consulted experts, 
we estimate that a higher demand exists than the actual 
production capacity (more than twice the current de
mand). We used as a minimum estimation the histori
cal exportation series. 

2. Prices: In our model we establish three different prices, 
the external Free on Board price and two inner prices. 
We assume that Argentina is not a price forming coun
try, so the Free on Board price for honey is considered 
as an exogenous variable. Regarding the internal prices, 

The producers set the 
number of productive 
hives; we have grouped 
them in small and medi
um producers in one 
side, and big producers 
on the other, consider
ing their differences in 
costs, yields and prices 
due to their scale of pro
duction. The honey is 
delivered to stockers, 
who sell it to exporters. 
Then, exporters send 
the honey to the exter
nal markets. The feed
back mechanism is com
posed by information 
that travels upstream in 

Figure 2. Correction factor: yield per hive per year due to weather and density of hives 
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Figure 3. Simplified CLO for the honey agrifaad chain 
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tocker margin. 
3. Production: The pro
duction control variable 
is established by the 
number of hives. We s-
tate that the producers 
increase that number as 
a function of the net in
come obtained in the 
previous campaign. The 
hive mortality dimin
ishes the number of 
productive hives. 
4. Yield: In this model, 
the yield per hive per 
year depends on two 
factors. The most im
portant one is climate. 
The current relation
ship between yield and 
weather is not known 
due to the complexity 
of this phenomena. We 
made the following sim
plification: we consider 
a three state level for 
weather: Bad (0), Regu
lar (1) or Good (2). The 
corresponding correc
tive factors to yield are 
0.8, 1 and 1.2, respec
tively. Another factor 
that affects the annual 
yield is the availability 
of natural resources. 
Today, there are about 
2.8 million hives, and 
estimations state that 
the achievable number 
could be approximately 
4.5 million. This system 
growth limitation is 
considered by a satura
tion function depending 
on hive density distrib
uted in the productive 
areas. Both functions 
are shown in Figure 2. 

5.4 Casual Loop 
Diagram 

they are established by the price paid to stockers by ex
porters. It also depends on the ratio backlog/honey s
tock of stockers. Finally, the price given to producers 
from stockers is simply the above price minus the s-

Casual loop diagrams 
(CLD) are an important tool to represent the system's 
feedback structure. These diagrams allow the graphical 
representation of cause and effect processes that originate 
in the dynamic behavior. In CLD notation, the arrows 
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Table 1. Comparison between real and simulated data 

Period Variable 2 Mean relati ve percent r 
difference 

1991 - 2000 Number of hives 0.7826 -5,2% 

1996- 2001 Mean price to producEr 0.9799 8,1% 
1991 - 2000 Expor tation 5 0.6261 -19.9% 

Table 2. Evolution of hives and eX{XJrtations from 2002 to 2006, 
with and without devaluation 

N umber of hives Exportations (MTn) 

Year Without With Without With 
devaluation devaluation devaluation devaluation 

2002 2540091 2605602 106016 106016 

2003 2578573 2990316 122150 102848 

2004 2614711 4761 533 129899 74 920 

2005 2652 993 4840877 126048 84 198 

2006 2692365 4820535 109213 74361 

represent causal relationships between the elements that 
bind, and the sign that they have characterizes the direc
tion for the effect, in relation to the cause. In the honey 
chain CLD outlined in Figure 3, we included the main 
factors that affect the system behavior, omitting by sim
plicity in the presentation the intermediate and auxiliary 
variables. Furthermore, we emphasized the main feed
back loops, indicating their reinforcing or balancing na-
ture. 

5.5 Simulation Results 

in the economical aspects of the chain. We compare the 
evolution of the number of hives and exportation vol
ume with and without devaluation, from 2002 to 2006 
(considering the dollar/peso ratio until May 2002). 

Table 2 shows an increase of about 60% in 2004, with 
respect to the previous year considering devaluation, 
but when the peso and dollar are equal, the number of 
hives remained almost constant. The great increase in 
the number of hives with devaluation produces a satu
ration of the natural resources, therefore, according to 
our assumptions, the yield of hives diminishes. This ex
plains the reduction in exports. Although this reduc
tion is lesser in volume compared with the one under 
convertibility, it is higher when its value is considered. 

The devaluation effect (great increase in the number 
of hives in 2004, and the reduction in export volume) 
appears in all the studied scenarios. In order to separate 
this effect from other considered events, it is necessary 
to make comparisons in relation to certain reference 

cases. In this work, we choose as a reference case (RC) the 
evolution of the system / s behavior with devaluation. 

5.5.1 China's behavior in international markets 

China one of the greatest competitors for Argentina in 
world commerce, not in quality (most of the production 
has industrial destination), but for its low production 
costs and its great export volume that affects directly the 
international honey prices. Unlike Argentina, China ex
ports approximately 50 % of its total production, in com
parison with Argentina's 90%. A detailed overview of the 

The next step in the modeling process consists of mod- Chinese apicultural sector can be seen in Branson and Ji
el validation by comparison between its behavior and the amping (2001) and Parker (2001). 
evolution of the real system. With this goal in mind, we One of the possible scenarios consists of China's reduc
made simulations starting on January 1st

, 1991, and finish- tion in exports. This decrease is based on diverse factors: 
ing on December 31 t

\ 2001. During this period of time, a) Falling production: In 1991-1999, China's number of 
the number of hives (Parker, 2001), mean price to Table 3. Relative change in the number d hives and exportations with 
producers and quantity of exported honey from sim- respect to RC, as a result of three different increased Free on Board {X'ices 
ulated and real values are compared (source: SAG- due to an eventual decrease in China's supply 

PyA). 
In order to obtain a quantitative estimation of the 

model accuracy, we perform a regression of simulat
ed vs. real values, in order to calculate the correla
tion coefficient r. These values are shown in Table 
1, together with the mean relative percent differ
ence. 

Year 
2002 

2003 

2004 

2005 

2006 

N umber of hives (%) 

5% 15% 30% 

-0.27 - 0.27 -0.27 

-1 .39 - 0.69 0.25 

- 3.86 -0.28 5.3 7 

2.44 4.81 9.53 

2.26 6.98 15 .99 

Exportation 5 (%) 

5% 15% 30% 

-1.03 - 1.03 - 1.03 

-14.42 - 17.77 - 20.61 

6.78 - 1.72 - 10.24 

-4.83 -9.01 - 8.97 

-4.78 -9.40 - 7.01 
One of the main applications for mathematical 

models is to obtain quantitative predictions. With this ob
jective in mind, we analyzed the system / s behavior in 
four different aspects: the impact of devaluation, China's 
behavior (main competitor of Argentina), international 

Table 4. Relative change in the number of hives and exportatims, 
with respect to the RC, based on the climatic scenario 

markets and climatic and technological scenarios. 
Due to the amount of future possible situations, we on

ly analyzed each one of the previous scenarios in sepa
rately. For all cases, the rest of the parameters are held 
constant. 

The change in the dollar/peso ratio causes great changes 

Year 
2002 

2003 

2004 

2005 

2006 

52 

Number of h i \€s (%) 

Bad weather Good weather 

- 0.27 - 0.27 

- 1.74 - 1.74 

- 7.35 - 3.63 

- 3.57 7.21 

- 1.54 4.01 

Ex portati ons (%) 

Bad weather Good weather 

- 1.03 - 1.03 

- 12.24 -12.24 

-1.94 26 .32 

6.97 -7.57 

- 23.42 17.57 
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hives has been reduced by 21 %; b) Increase in production 
costs (increased 32% from 1995); c) Increase in China's do
mestic consumption, and d) Diverse commercial penalties 
(dumping case in the United States and sanitary sanction 
- loss of markets in Europe). 

Faced with this scenario, the effect on Argentina from a 
lessening of China exports is reflected in an increase in 
honey's Free on Board price. Based on a historical series 
analysis, it could be concluded that the reduction in Chi
na's market causes a price increase between 5 and 30%. 
We evaluated the future scenario in terms of three set in
creased prices: 5, 15 and 30%. 

Table 3 shows an increase in the number of hives for all 
cases since 2005, relative to the RC. This causes exports to 
decrease due to the reduced yield consequence of natural 
resources scarcity. The final price paid to the producer, 
for the year 2006, would be $ 3.40, $ 3.74 and $ 4.22, cor
responding to the increase in the Free on Board price of 
5, 15 and 30%, respectively. 

The weather effects, considered in our model in a sim
plified way, were to diminish, to increase or to leave with
out changes the annual yield per hive, in cases of bad, 
good or normal weather, respectively (see Figure 2). 

We analysed how the model responds to two opposite 
climatic scenarios, from 2002 to 2006, one with a majori
ty of bad years and another with a majority of good years, 
choosing as reference a hypothetical scenario with regular 

hives, relative to the RC. The major impact corresponds 
to the improvement of yield per hive. However, as shown 
in Table 5, only this improvement causes an increase in 
exportations, while with the other cases (decreasing mor
tality and costs) produces a fall in exportations. Again, 
this is due to an increasing number of active hives that de
pletes natural resources. 

The effect of each technological change in comparison 
with the present conditions can be considered quantita
tively. In Table 5 we show relative percentage variations, 
in 2006, for the number of beehives and amount of ex
ported honey. In all cases the number of beehives in
creases. Nevertheless, the exports increase only when the 
yield increases, whereas it decreases with the beehive mor
tality and diminished costs. 

6. Conclusions 
We have developed a model for the honey agrifood 

chain that takes into consideration the essential aspects of 
the chain, reproducing with acceptable precision the real 
behavior from the initial situation in January 1991 to the 
first two months of 2002, considering the simplicity of 
the assumptions. 

The quantitative analysis of diverse future scenarios has 
a limited validity, due to the present changes in the eco
nomic situation of the country. The peso devaluation has 

a great effect in the dy
weather each year (corre
sponding to the weather 
scenario in the RC). We 
considered that the pres
ent year corresponds to 
bad weather, since a re
duction in harvests is 
forecasted with respect 
to the previous year. The 
results are shown in the 
table 4. 

Table 5. Relative change in the number othives and exportations, respect 
namics of the model, 
which generates an im
portant increase in the 
number of productive 
hives, impelled by the ex
ports. This effect hides 
the other analyzed sce
narios, which have rela
tive less impact, being of 
significance only the re
sults that are derived 

to the RC, based on diverse technological impacts 

N urrber of hives (%) Exportations (%) 

Year Yield Mortality Costs Yield Mortality Costs 

2002 0.00 0.00 

2003 0.00 0.02 

2004 1.68 0.71 

2005 4.12 1.4 3 

2006 4.47 1.75 

Many research programs exist nowadays, directed to 
improve the hive productivity. The main lines are orient
ed towards genetic improvement and management of 
hives, that allows basically, the improvement of sanitary 
conditions, to reduce mortality, to increase the yield and 
to diminish costs (Spivak and Reuter, 2001; Danka and 
Villa, 1998; Danka and Villa, 2000). 

In our model we analyzed three scenarios with different 
technological impacts: mortality reduction, yield increase 
and diminution of costs, all with a 10% magnitude. As in 
previous cases, we studied the system behavior until De
cember 2006, choosing as reference the current situation. 
We considered the possibility that technology starts to be 
adopted in May 2003, and is completely established by 
December 2003. 

0.00 0.00 0.00 0.00 

0.02 1.63 -0.08 -0.17 

1.10 6.42 -0.42 -2.18 

3.10 3.59 -1.00 -5.71 

4.01 3.24 -1.07 -5.36 

from the companson 
with the established reference case. 

The constructed model can be improved in several as
pects that would increase significantly its performance. As 
examples of this we can mention a detailed analysis of the 
production separated in regions, and the cost structure as 
well. 

In the first case, it is possible to improve the production 
parameters, that in our model only appear as average val
ues, besides having a great dispersion (for example, the 
yield or the climate). The inclusion of detailed cost infor
mation and the structure of certain chain agents would al
low to obtain a complete analysis of the economic sector 
dynamics. 

From Table 5 we can deduce that all technological in
novations considered cause an increase in the number of 

The improvement of the correction factor of beehive's 
yield (assumption #4) and the inclusion of other second
ary commercialization channels (for example: Producer 
~ Exporter) into the model would give a more realistic 
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and precise picture of the chain. 
Although its good current global positioning as nation

al exporting business, reengineering is needed in Argen
tinean honey chain to better cope with the expected 
changes. Finding better tools for forecasting future de
mand, measurements of chain performance (for instance, 
when modeling price paid to primary producers) and how 
to better allocate resources are desirable objectives. For 
these purposes, SD has proved to be an useful tool for pre
dicting future scenarios in not only in honey chain but in 
other agrifood chains, on the basis of the set assumptions 
of the model developed. 
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