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Abstract:

The agricultural scientists and planners are facing formidable challenges to ensure continued increases in
agricultural productivity to meet the food grain requirements of ever increasing population across the
globe. Thus, the works on development and use of crop growth models to answer strategic and tactical
questions concerning agricultural planning as well as on-farm soil and crop management are essential.
Scenarios is a tool for evaluating decisions and testing policy options by indicating possible future
situations which indicate the possible effects of decisions. Crop growth models are powerful tools in
agricultural decision support at operational, strategic and exploratory levels. Models through the
scenario analysis system plays an important role in the interface between farmers, researchers and
advisors in participatory research approaches where as agricultural research, model development and
testing, and application of mode-based decision support system can be mutually enhancing for better
understanding and reaction future situations. This review paper is devoted to crop modeling and
scenario development for planning and field level management options in crop production. This helps
researchers to understand the role of crop modeling for scenario development to adjust and develop field
level recommendation by considering future conditions and developing alternative strategic decisions to

reduce the expected negative impact and maximize the benefit.
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Introduction

The majority of developing countries economy in
the globe is depend on limited agricultural resources,
which supports an ever increasing population. This
makes a continuous unbalanced computation among
human being with its limited natural resources, in
which it is a scarce resource and need wise
utilization with care [20].

According to the report [10], through the continuous
interaction among water resources, natural and
agricultural ecosystems, with human society in the
tropical world there is a significantly effect on both
actors and affect the sustainability of the system.
These impacts are likely to be particularly severe in
developing countries, since the awareness of the
people and the level of communication is poor as
well as highly dependent on the direct use of local
natural resources, and the subsistence farming
resulted a widespread poverty risks (CEC, 2007). In

line with this, Chuku and Okoye (2009) reported
that, Africa is considered vulnerable to climate
change, due to a combination of naturally high levels
of climate variability, high dependence on climate
sensitive activities, such as rainfed agriculture, and
minimum economic power and poor institutional
setup to cope with, and adapt to, the risks of climate
variability and change as well as ecosystem
depletion.

Agriculture is the most vulnerable sector in sub-
Saharan Africa by different factors. Since the sector
is mainly rainfall based and not supported by
technologies, crop yield and productivity per unit
area are highly dependent on climate variability
(World Bank. 2008). The use of improved
agronomic management (use of fertilizer, irrigation,
pesticide, combined with modern cultivars) remains
low (Dingkuhn et al., 2006). The production and
productivity of agricultural products must be
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increased to satisfy the growing demand for food,
feed and raw material for industries. While give
equal emphasis for natural resource conservation
and environmental safety [20].

To balance the need of increase more agricultural
products with environmental safety, new agricultural
system is needed to supply information to farmers,
researchers, policy makers and other concerned
decision makers on how to bring sustainable
agriculture under the changed climate in to specific
location[20]. In most African and Asian countries
crop production is conducted business as usual by
using conventional way of agronomic research, in
which crop production are resulting from
arithmetical analysis without connecting to the
principal biological or physical principles occupied
as a system wise [10].

This type of observation and forecast of growth and
maintaining natural ecosystems in response to crop,
climate and soil-related factors are highly vital. The
relevance of quantitative prediction of complex
systems depends on synergy of information through
different sectors, and the main approach is all the
way through the creation of numerical and
reproduction models for mounting scenario analysis.
Therefore, this review paper was compiled to show
the role of crop modeling for scenario analysis to
look alternative possible solution and come up with
practical field level recommendation by reviewing
relevant papers in the field previously by different
scholars.

Crop Modeling and simulation

The term Model refers a schematic representation of
the idea of a system or an operation of imitation or a
set of equations, in which it represents the general
behaviors of a system. On the other hand it can also
express as ‘a simplified translation of a component
of truth, not a simple copy of the other’. As
mentioned by [19], this simplification makes models
useful because it offers a comprehensive description
of a problem situation.

Modeling is refers the process of using equations or
sets of equations derived from the reality of a
system, to characterize the nature of a system. In line
with this crop models are a schematic representation
of the production field by using computer
programmers that mimic the growth and
development of crops (USDA, 2007). The same
report further explain that, crop modeling simulates
the characteristics of a actual crop production system
by predicting the enlargement of its growth
components, such as leaves, roots, stems and grains.

Thus, a crop growth simulation model not only
predicts the final output of crop production or
harvestable vyield, but also consist quantable
information about major processes involved in the
growth and development of the crop[10]. Based on
the definition by [20], simulation is a term defined
as “Reproducing the essence or fundamental nature
of a system without reproducing the system itself”.

Crop modeling began before decades in the 1990s
with the aim of rising approaches into crop growth
processes by a combination of knowledge expressed
in mathematical equations [6]. Similarly Berg and
Smith (2005) reported that, the function of crop
growth models in decision support defers in
accordance with the extent of the decisions made.
The same author explained that, modeling can assist
to operational and tactical decision making at field
level management.

The term ‘operational’ refers to practical decisions
made by respective actors on daily bases based on
the real situation happen on the ground [33], while
tactical decisions are usually taken at the beginning
of a year or growing season by pre-assessing the
conditions of future cropping season climatic
variability and prepared ourselves to cop up or
develop adaptation mechanisms. Different scholars
mentioned the application of crop growth models in
various applications like; practical decisions have
been developed and applied to optimize the proper
time of planting and harvest for different crop types
[4], its great role for implementing irrigation
scheduling [7], and to support site specific crop
nutrient management techniques [18].

Due to limited land resources agriculture becomes
more intensive; it requires higher demand for
improved technologies at higher level of application

and control of the environment to enhance
productivity per unit area by considering
environmental safety as a central point [11].

Intensification with use of intensive inputs ranges
from better strategies of soil and water management
to cite specific environments, where mostly the
atmospheric and soil component of crop production
can be adjusted according to the nature of the
location and situation. Plant growth and
development models hypothesis, should be
elaborated to supply a basis for future planning and
managing crop production.

At a broader scope crop modeling can be considered
as an important means to assist scientists in define
and prioritizing research questions. Model also used
to estimate the importance and the effect of selected
parameters in the field of interest. In this manner
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researchers can scrutinize which factors should be
more important in future research focus and enhance
the understanding of the system in general. This type
of model assisted system has great opportunity to
understand the basic interactions in soil-plant-
atmosphere system and the contribution and
limitation of each element involved in the process
[11].

The advancement of current computer science and
technology brings vast opportunities to consider
different factors in crop production as a system not
individually and combined them to analyses and
interpret the influence of their interactions and
possible effects. This pave the way how to
quantitatively combine the soil, plant, and climatic
systems individually and together to predict crop
yield accurately [10]. Today, with the accessibility
of low cost and powerful computers and with the
emergent recognition of the application of integrated
agricultural practices as a system, the current
agricultural research and development strategies are
developing [16]. Similarly [10] reported that, crop
growth  modeling, should integrate various
disciplines as per the level of current knowledge of
plant growth and development like; crop physiology,
agrometeorology, soil science and agronomy. One of
the powerful computerized decision support systems
designed to assist users to combine technical
knowledge obtained in crop growth models with
their economic implications and environmental
impact assessment are currently easily accessed.
Decision Support System for Agro- Technology
Transfer (DSSAT) [36], is an excellent example of a
computer assisted management tool that enables
individual farmers to link the biological condition of
a crop to the physical circumstances of the farm to
obtain targeted outcomes.

Historical development of crop modeling

Transition from one stage to the next better stage in
different sectors is a natural unavoidable process. In
the same way the classical research started in the
19™ century, shows a progressive change and
transform to more sophisticated computer assisted
programs now. The development of computer
programs and software’s help researchers to
integrate several components of a system into an
inclusive manner which simplify to interpreted the
result and implementation. One of the computer
assisted program is crop growth simulation models
which has been used by many researchers. Jame
(1992) reviewed the historical efforts made to
quantify the relationships between crop yield and
water use from the previous work by using simple

water-balance models in the 1960s to the
development of crop growth simulation models in
the 1980s. In the first time the idea seems
untouchable and researchers were not sure whether
the  complex physical, physiological and
morphological processes involved in the growth of a
plant could be captured and described
mathematically at field condition it may be under
controlled environments [10].

In 1982 IBSNAT was the Decision Support System
for Agro- Technology Transfer (DSSAT) was
developed to help subsistence resource poor farmers
in the tropics and sub tropics. As it was explained by
[10] one of the primary product of IBSNAT is
DSSAT, currently being used as a research and
teaching tool. As a research tool its role is to
develop ~ recommendations  concerning  crop
management and to explore environmental and
sustainability issues.

3.1 Applications of Crop models

Crop simulation modeling has been used and being
using in several sectors like research, teaching, farm
and resource management and policy analysis and
future production predictions [10].

According to [20], systems are processes linking the
input to the output part and the whole cycles of
interacting components. This indicates that, when
we change the input component of a system results a
changes in other components which is the produces
side because of the interaction effect. For example,
due to climate change and variability due to global
warming creates a change in weather parameters like
warm and humid condition, which creates conducive
environment for the pathogen to multiply and rapid
development of plant disease. This results a loss on
crop yield, increase cost of production through spray
of chemicals, and causes serious economic loss from
individual farmers to the country or regional level in
large.

The same author further explains that, the main
goals of crop simulation models is to make educated
guess for crop production as a function of soil and
climatic conditions integrated with agronomic
practices and managements. As a basic principle
crop models use one or more sets of equations, and
compute both rate and state variables over a given
time, the time span may be usually from the time of
planting in anticipation of harvest maturity or
collecting final economic yield.

According to [20], the main goal of the majority
application of crop models is to predict economic
out-put (final yield). In general the management
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applications of crop simulation models can be
defined as: Strategic application: models are run
before planting time, Practical application: models
are run prior to and during crop growth and
Forecasting application: models are run to predict
yield both prior to and during crop growth periods.
In USA and Europe farmers, private agencies and
government bodies practice crop simulation to a
greater extent to formulate decision making.
Similarly in Africa climatic conditions these
applications have an excellent role to play [32]. The
same author explains that, in eastern and horn of
African condition, agricultural production is
challenged by occurrence of frequent dry spells,
scanty and erratic nature in the crop growth period;
the on-set of rain varies, in which policy and
agricultural scientists fall under pressure and require
to set out preparation of contingency plans.

In the majority part of the world especially in Asia
and Africa, agriculture is the most important money-
making activity. Large number of people depends on
agriculture for their household income source or to
meet their daily dietary needs, such as food. A
continues pressure to improve agriculture production
happens due to ever increasing in human population.
Agriculture is very much influenced by the
prevailing weather and climate. This condition
demands a systematic appraisal of climatic and soil
resources to recast an effective land use plan. More
than ever farmers across the globe want access to
options such as the management options or new
commercial crops [15].

According to [20], the traditional experimentation
requires more time and not economical. So, systems
analysis and crop simulation modeling plays an
important role in promoting in-depth understanding
of the system and developing possible options.
Through the great advancement in computer
technology, DSSAT, has great contribution to reduce
substantially the time and cost of field
experimentation necessary for adequate evaluation
of new cultivars and new management systems.

In a similar manner [24] explains about the
software, the package consists of: (1) data base
management; (2) crop simulation models; (3) series
of utility programs (4) series of weather generation
programs and (5) strategy evaluation program to
evaluate alternative options like selection of variety,
adjusting planting date, determine population
density, designing row spacing, identify soil type,
determining proper amount, method and time of
irrigation, method and dose of fertilizer application,
effect of water stress in the vegetative or

reproductive  stages of  development, and
determining the final net returns. This is the function
of crop modules in scenario development
consequently as to formulate strategic field level
recommendation.

The agricultural scientists and planners are facing
formidable challenges to ensure continued increases
in agricultural productivity to achieve the food grain
requirements of rapidly increasing population
transversely in the world. Conducting field
experiment as usual in different location across years
IS very expensive due to the ever increasing cost of
inputs and personal costs. So, it is better to think out
of box, not business as usual, develop and
implement modern computer assisted crop growth
models to formulate strategic and tactical questions
regarding crop production planning as well as on-
farm level soil and crop management are essential.

Scenario development and application

4.1. What is scenario?

The word “scenario” is derived from the latin
scaena, meaning scene [26]. [17]Defines as;
scenario is a "story" illustrating visions of possible
future or aspects of possible future. It should be well
understand that, scenarios are not mean predictions
about the future but rather it is similar to develop
simulations of some possible futures. Similarly [39]
also explained that, scenarios are not a prediction,
but are consistent and coherent descriptions of
different hypothetical futures that reflect different
perspectives on past, present, and future
developments which can provide as a fundamental
for action. The progress of scenario development
starts from World War 1l in US military planning
office and its application extended to the current
stage in a wide range of contexts like: from small to
medium sized entries, to regional and national
insight studies, to environmental assessments for
public polices [39]. Similarly, [17], reported that, the
scenario method is probably the major concepts and
most widely used methods in Foresight.

4.2. Scenario analysis

Scenario analysis can be expressed as a process by
which possible future events are analyzing by
considering  alternative  possible  outcomes
(sometimes called "alternative worlds").
Consequently, scenario analysis, which focuses on
projection, not to demonstrate the exact picture of
the future. On the other way, it presents a number of
alternative future developments [3]. As a result, a
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scope of possible future outcomes can be noticeable.
In contrast to prognoses, the scenario analysis is not
based on extrapolation of the past or the extension of
past trends.

It does not rely on historical data and does not
expect past observations to remain valid in the
future. Instead, it tries to consider possible
developments and turning points, which may only be
connected to the past. In short, several scenarios are
fleshed out in a scenario analysis to show possible
future outcomes [34]. Each scenario normally
combines optimistic, pessimistic, and more and less
probable developments. However, all aspects of
scenarios should be plausible. Although highly
discussed, experience has shown that around three
scenarios are most appropriate for further discussion
and selection. More scenarios risks making the
analysis overly complicated [2].

At national, regional and local level scenarios can be
used to improve planning capacity, to enrich
strategic public policy decisions and to guide major
capital investments. For example, the development
of scenarios allows new insights into the
opportunities and risks involved in making decisions
about public transport that would have major
consequences for the development of a region over
the next few decades [17].

4.3. Importance of Scenario analysis

Scenario analysis is all about alternative worlds and
parallel universes and may include black swans, but
stops short of meteor strikes. A key point to
remember is that scenario analysis like this is not
dependent on past results (in other words, it is not a
prognosis); although some people use measures like
the standard deviation of past results to provide a
framework within which to construct plausible
future scenarios [17].

Scenarios began to be used more for exploratory
ends than prediction, which raised the possibility of
a transformation in the supply chain in business
[39]. Scenario planners in general do not start with a
narrow focus, doing so increases the chances of
missing key determinants of future conditions or
events [12]. In exploratory scenario exercises, the
process may be as important as the product [39]. As
it is stated by [14], the “which World?; scenarios for
the 21% century”, is a good example of an
exploratory exercise investigating possible paths to
alternative futures.

According to [17], in pre-policy research, on the
other hand, scenarios are used to examine paths to
futures that vary according to their desirability. The

author expands his explanation; decision support
scenarios may be variously described as desirable,
optimistic, high-road, or utopia; conventional or
middle-of-the-road; and undesirable, pessimistic,
low-road, dystopia, or doom scenarios. Similar
report made by [13] and [17], pre-policy research
scenario may propose concrete options for strategic
decision-making and it is more common in pre-
policy research scenario exercises to other implicit
policy recommendations.

Making sense of the future can challenge mental
models and prevailing mind-sets, and can involve
learning from the past and investigating fundamental
uncertaininties about the future. This type of
scenario development is process oriented to
promote: learning, communication and improving
observational skills [31]. On the other hand, product
oriented scenario studies are more concerned with
the nature and quality of the output, than the process,
as reported by [17]. Identification of driving forces
and signs of emerging trends, policy development,
and to test policy are the major function of product
oriented scenario activities.
Scenario can be used to identify and prioritize the
dangers and opportunities in emerging events and
processes [22] signs of which are sometimes referred
to as “weak signals”, “early warning”.
Scenarios may also be a tool for evaluating decisions
and testing policy options by doing “practice runs”
of possible future situations which indicate the
possible effects of decisions [42]. Some might say
that all scenarios are normative in that they reflect
interpretations, values, and the interests of those
involved in the scenario exercise. It is nevertheless
useful to distinguish between descriptive scenario
and those which are explicitly normative [39].
Scenario may also have different views, as stated by
[27], scenario looks forwards from the present
situation to the future condition or back to the
present from a particular future end point can have a
bearing on whether it is normative or not.
Based on the nature of the organization and
activities under target. The subject covered
provides the focus to scenarios. The time scale
adopted is one way in which focus is
determined, though the perception of time is
dependent on context, either short or long scale
for a scenario exercise. The time scale is
certainly relevant for establishing focus with
regards to the issue, the geographical area and
the institution the scenario address.
The scenario-based approach to strategic
planning builds on the strengths of traditional
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scenario planning, which open and creative
approach that considers multiple strategy
options and takes multiple perspectives into
account. Scenario planning was first introduced
in the 1970s at Royal Dutch Shell as a planning
technique that replaced traditional forecasting
tools [35]. The purpose of scenario planning
technique is not to predict exact future, but to
develop better strategies by overcoming
perceptual biases of managers [28]. [41],
reported that, scenario planning is based on the
assumption of future developments which are
mostly uncertain. The same author stated that,
the basic idea of scenario planning is to force
managers to acknowledge this uncertainty and
to translate it, into thinking in multiple options.

Role of crop modeling

Crop modeling as a tool in scenario development,
has an exploratory uses for decision support to
governments or other entities, to develop more
targeted innovation or adaptation policies, mainly
related to long term assessments [37]. The issue is
related to the possibilities of feeding the world
population and the effects of climate change on crop
production [9]. Now a day, exploratory studies often
elaborate on scenarios of different possible socio-
economic futures like climate change which will
have different consequences [25].

According to [37], model output can be explained,
indicating when to plant, harvest, irrigate, how much
to irrigate, and the type of management practices
more commonly, output is provided as conditional,
what yield can be expected, if certain decisions are
taken. Such ‘what-if?” models give the user freedom
to analysis trade-offs between the biophysical
aspects and other dimensions of decision making
which are better accounted for by mental models.
Another type of tactical decision support is crop
forecasting [20], which emphasizes  on the
prediction of climatic and related yields over the
current season or year. Crop forecasting can be of
equal interest to growers, processors and the trading
and marketing sectors, as well as o government
bodies dealing with trade regulations of food
security [40].

Crop modeling has also a great contribution in
developing strategic decision making process. As
cited by [37], strategic decision making typically
refers to assessments of the impact of major changes
in land management or substantial investments,
introduction of new crops to certain area, use of
alterative nutrient management strategies and similar

field level recommendations. Many scholars
reported to the indirect forms of support of crop
modeling to strategic decision making include
environmental impact studies regarding nitrate
leaching [18], vyield benchmarking [13] and
calculation of attainable yields in land evaluation
studies [36].

Similarly, [14], reported that, yield benchmarking
uses to calculate attainable yields as a reference
against actual yield. The difference between the two
is called the yield gap. [31], also mentioned that, at
the farm level, fields with consistently large yield
gaps require closer inspection for improved
management. Yield gap analysis provides insight to
distinguish wel-managed from poorly managed
farms. At the country level, governments may
address regions with a large yield gap but high
attainable yields as those where investments in
agricultural development may be the most rewarding
[37].

Generally crop growth models are powerful tools in
agricultural decision support at operational, strategic
and exploratory levels. Models through the scenario
analysis system plays an important role in the
interface between farmers, researchers and advisors
in participatory research approaches where as
agricultural research, model development and
testing, and application of mode-based decision
support system can be mutually enhancing for better
understanding and reaction future situations.

As stated by different scholars, scenario is not a
forecast, in the sense of a description of a relatively
unsurprising projection of the present. Neither is it a
vision, that is, a desired future. Scenario is a well-
organized response to the question: ‘what can
conceivably happen?’ or ‘what would happen if...?’.
Thus it differs from either a forecast or a vision,
both of which tend to conceal risks. Scenario, in
contrast, makes risk management possible. Scenario
planning is, an effective strategic planning tool for
medium to long-term planning under uncertain
conditions. It helps us to sharpen up strategies, draw
up plans for the unexpected and keep a lookout in
the right direction and on the right issues.

On the other hand, scenario analysis focus on the
link between future studies and strategies used to
deal with uncertainties in the future conditions. It is
not only a planning instrument, but also an effective
tool, which helps to understand the logic of
developments, clarity driving forces, key factors, key
players and our own potential to exert an influence.

In order to have a workable scenario planning and
analysis, crop models have valuable tools that
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scientists can use in testing hypothesis. Models also
used to identify the areas where knowledge is
lacking, indicating the need for future research
activities. In addition, models are being used as
decision support systems at the farm level to
optimize resource management. By optimizing the
inputs such as chemical fertilizers, insecticides, plant
growth regulators and harvest aid chemicals, the
model not only contribute to increased yield but also
help to decrease environmental contamination.

Decision support systems (DSS) like Decision
support system for Agro-technology Transfer
(DSSAT), are computer systems that assist the user
in complex problem solving or decision-making.
The system is very helpful in learning more about
crop responses to environmental factors, and in
complying with governmental regulations. The
ability to compare the probable outcomes of
different decisions can help a producer being more
informed decisions and reduce risk in the face of
future uncertainties. Therefore, one of the major
reasons to develop and apply crop-model-based
decision support system in farm management is to
increase profit from the farm and better resource
management system.
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