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This document presents time series of national greenhouse gases emissions for the period 1990-

2009 for the key emitting sectors, identifies gaps and provides recommendations in the area of 

climate changes in order to comply with the obligations to report greenhouse gas emissions 

under UNFCCC. This document provides important guidance for policy-makers in developing 

strategies to reduce emissions and further strengthens the dialogue, information exchange and 

cooperation among all the relevant stakeholders including governmental, non-governmental, 

academic, and private sectors.  
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1. Introduction 

 

1.1. Impact of CC on Agricultural sector in the country 

Republic of Macedonia has a diverse agricultural resource base, with the capacity to produce 
most continental crop and livestock products, plus many Mediterranean crops. The agriculture 
sector, including the value added in the processing industry, contributes 16% to country’s GDP 
and provides employment to 36% of the workforce. The official figures understate the 
importance of the agriculture sector since these include only a fraction of the value of 
smallholders’ output which is sold at the traditional farmers markets. Also, the official statistics 
captures only a portion of the family labor inputs, which is the dominant type of informal 
employment at the family farms. The most recent national census recorded 192,675 family farms 
in a country of 2.1 million inhabitants. Consequently, given the fact that about 45% of country’s 
population live in rural areas where off farm employment opportunities are rather limited (active 
workforce unemployment rate in the country is as high as 32%), a more realistic conclusion 
would be that the agriculture sector is of critical importance for the wellbeing of about half of 
country’s population.  

Land use for agriculture in the form of cropland and pastures is substantial in the country 
and occupies approximately less than 50% of the surface area of the country (1121 
thousand ha, State Statistical Office, 2010), with forests constituting another 37% (981,8 ha, 
State Statistical Office, 2011). The vast majority of cropland in the country is rain-fed, with an 
estimated area of irrigated cropland of less than 10%. With the exception of the western 
parts of the country, water deficiencies occur during the summer season and result in 
significant moisture stress for summer and annual crops. In an average year, 
evapotranspiration is higher than rainfall, resulting in crop water deficits of approximately 
250mm in western areas and 450mm in eastern areas (Climate change and agriculture – 
country note). 

By area, wheat is clearly the major annual crop grown, with smaller areas used for barley, 
maize and a range of vegetable crops. Grapes are the main perennial crop in Republic of 
Macedonia and occupy close to 25000 ha. Although the area occupied by fruit and nut trees 
is relatively small, potential exists to expand this area in the future. As most crop production 
is rain-fed, there can be significant changes in mix and crop area planted on a year-to-year 
basis, depending on the timing and quantity of rainfall, as well as associated extreme events, 
like droughts and floods. 

Agricultural sector in the country is characterized with a dual structure i.e. corporate farms that 
farm larger pieces of land acquired through the privatization of the former state owned farms, 
and small family farms that farm about 80% of country’s agricultural land with an average 
landholding of 2.8 hectares divided into 6 non-contiguous plots. Based on the available 
resources and capital intensity the family farming sector can be broken down into three groups: 
(a) market producers; (b) semi-subsistence farms; and (c) subsistence farms. 

The sensitivity of the agricultural sector to climate has important implications in Republic of 
Macedonia. With a considerable proportion of the rural population dependent on agriculture 
for their livelihood, rural communities are particularly vulnerable to risks posed by changes 
that may occur as a result of climate change. 

High vulnerability is due to several key factors: (a) small primary producers with low annual 
income and ability to implement adaptation measures which in some cases can be costly to 
implement; (b) small plots which prevents effective implementation of adaptive measures; (c) 
insufficient financial support to the farmers to cope with the negative impacts of CC; (d) low 
awareness among the key players about the climate change and its negative effects in 
agriculture; (e) weak networking and insufficient level of cooperation between scientific 
institution; (f) extension service and farmer associations for implementing know-how; (g) 
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modern technologies of productions and dissemination of research results to the broader 
audience; (h) insufficient experience with implementation of modern approaches in 
assessment of impact and prediction of future effects and trends. 

The recent report published “Adapting to Climate Change in Europe and Central Asia” 
developed a series of indices to assess the exposure, sensitivity and adaptive capacity of 
countries in the ECA Region to climate change. These indices are based on a range of 
relevant parameters. The vulnerability index displayed in is a combination of the exposure, 
sensitivity and adaptive capacity indices. The vulnerability of the country to climate change, 
based on this index, can be classified as medium compared to other countries in the region. 
In addition this report outlines that Republic of Macedonia is among the first five countries of 
the region which is likely to experience increases in climate extremes by the end of 21-st 
century. 

The negative effect of Climate change impacts in the sector agriculture is increasing. Some 
analysis performed in the recent period suggested that under most likely climatic scenarios, 
agriculture will be the most affected structure. The agricultural sector as whole and 
particularly small farms will be exposed to prolonged heat waves, more severe droughts and 
floods. The climatic events in 2007/2008 and 2011/2012 with long dry period and hit waves 
led to significant production losses.  

Climate change is expected to reduce the yields of most crops. The Second National 
Communication to the UNFCCC estimates annual losses of ~29 million by 2025 due to 
reductions on yields for winter wheat, grapes, and alfalfa if there is no irrigation. The analysis 
performed within different studies shows that significant drops in crop yields can be expected 
without adaptation. These losses are projected to increase over time. Without adaptation, 
these climate change damages may become approximately the same or bigger than current 
net income jeopardizing the economic sustainability of farming in some areas. Even for 
irrigated crops there are likely to be losses, though these losses are projected to be less 
than for non-irrigated crops. A preliminary analysis of the Strezevo irrigation area (Assessing 
the Economic Impact of Climate Change: National Case studies - AEICC) indicates that if 
water is not the limiting factor adaptation through irrigation may be a cost-effective measure 
even without climate change. For other areas of the country, such estimations must be 
analyzed on a case-by-case basis. Additional measures such as crop-switching and 
changing farm management techniques can also improve performances. 

Both irrigated and rain-fed crops will have higher water requirements due to increased crop 
water demands, driven by higher temperatures, and reduced soil moisture availability due to 
less precipitation and runoff. Conversion of rain-fed crop areas to irrigation will be further 
aggravated by reduced runoff that will shrink the amount of potential reservoir storage 
available to irrigate crops, not to mention adding substantially to production costs as a result 
of new reservoir construction. 

 

1.2. Main achievement and improvements between two National reports 
on CC 

In the previous National Communications, vulnerability assessments were developed in the 
agriculture sector and appropriate adaptation measures and action plan were proposed 
(http://www.unfccc.org.mk/Default.aspx?LCID=213&Control=Documents1.ascx). Most 
vulnerable agricultural areas to climate changes in the country were identified. Based on this 
assessment, the crops that will be most affected were determined (the most representative 
crop for each vulnerable area). Since 2008, comprehensive assessments have already been 
done in the agriculture sector that resulted in respective strategies and/or projects for 
adaptation. 

In the agricultural sector there is two ongoing USAID financed projects Adaptation to climate 
change in agriculture – (ACCA), and “Municipal Climate Change Strategies”. The first one is 
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running since Mar. 2012, while the second one was granted in fall 2012. Main objective of 
the ACCA Project is to promote the adaptive agricultural practices, and to increase the 
awareness of the agricultural producers and in general public, about the challenges and the 
effects of the climate change in the agricultural sector in the country. The second one has 
objective to strengthen civil society and raise awareness, boost activism, and bolster local 
resilience to global climate change. Therefore the project will work on promotion of 
agriculture with high natural values and agro-environmental payments with NGOs. Main 
objective of the Project is to identify and from many aspects describe the High Natural 
Value`s in the country, areas which a considered to be environmental friendly systems of 
agricultural production but very prone to the negative impact of climate change, and to 
propose measures e.g. agro-environmental payments to support the sustainability of such 
systems. 

The economics of climate change adaptation is a report developed by UNDP. This report 
offers preliminary estimates of the economic value of the physical impacts of climate change 
in three areas important for the national economy – energy demand, water resources related 
to electricity production, and agriculture.  

Main objective of the UNDP Project Disaster and Climate Risk Reduction is to reduce 
disaster and climate risks in the country, through elaboration of comprehensive Disaster Risk 
Assessment, development of web-based software application and disaster risk maps, as well 
as strengthening the capacities of municipalities in the country to better manage disaster and 
elaboration of climate and climate risk management plans for a set of selected high risk 
municipalities.  

 

1.3. Policy and Legislation 

Republic of Macedonia has started to integrate climate change into national strategic 
planning documents and laws. Article 4 of the Law on the Environment explicitly mentions 
'Restraining greenhouse gas emissions in the atmosphere' and encouraging the use of clean 
technologies and renewable energy. In the Law on the Environment it is stipulated that the 
country should adopt a National Plan on Climate Change. The Second National 
Environmental Action Plan (NEAP) and the National Strategy for Sustainable Development 
(NSSD) are another two key documents. The focus in the NSSD is to develop a less carbon 
intensive energy sector (through both switching supply and increasing efficiency) and to 
engage strongly with the CDM. Adaptation is recognized in the strategy but is secondary to 
mitigation. Measures in the strategy to conserve and manage natural resources will also 
improve the adaptive capacity of ecosystems. 

The focus of the government has been on mitigation rather than adaptation to climate 
change, however there is an Inter-Sectorial Adaptation Action Plan which includes 
integrating adaptation into the management strategies for different sectors, establishing early 
warning and monitoring systems and building the capacity of different actors through training 
and the provision of additional funding. 

The strategic objectives of the MOEPP stated in the Vision 2008 are: (i) Achieve the EU 
standards for environmental quality by developing and implement the framework laws on 
environment (e.g. air, water, nature and waste management), physical planning, (ii) Develop 
the capacity of the environmental sector (within local government, industry, environmental 
service providers, government institutions and NGOs), (iii) Reduce the risks of human health 
and natural ecosystems, (iv) Develop open dialogue and partnership with all stakeholders in 
the environmental field, (v) Mobilize domestic and international funding needed for the 
environmental investments in the country by applying the polluter pays principle, (vi) Secure 
environmental information and access to the public, (viii) Raise public environmental 
awareness, (ix) Maintain an active role in environmental cooperation with the EU, the 
neighboring countries and in multilateral mechanisms. 
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Article 49, 66 and 99 of the Law on agriculture and rural development are defining the 
minimum criteria of agricultural areas and good agricultural practices, minimum criteria of the 
least favorite areas and criteria for financial support for farmers affected with natural 
disasters and climatic unfavorable conditions. 

According to UNDAF 2010-2015 UN agencies will expand the implementation of joint 
programs and projects especially aimed at raising the awareness of climate change, 
mitigation and adaptation and integrated watershed and chemical management. 

In essence this concept note is a follow up on the findings and recommendations of the First and 
Second National Communications to the UNFCCC and the recently published Preliminary 
Impact Assessment and Adaptation Options Report (PIAAOR). These reports identify numerous 
shortcomings that impede country’s preparedness to cope with climate change in general, while 
PIAAOR contains numerous agriculture sector specific priority actions that have been 
determined in an exemplary participatory manner. 

 

1.4. Description of natural conditions in South-East region affecting 
agricultural sector 

 

1.4.1. Climatic conditions 

Republic of Macedonia has a highly diverse climate due to mixture of influence of the 
continental and Mediterranean climate, as well as the complex geography of valleys and 
mountains across the country. The various microclimates of the country have produced a 
highly diverse agricultural sector with a large range of crops grown. The climate ranges from 
alpine in the west and north-west of the country, to Mediterranean in the southern districts of 
the Vardar river valley, and is characterized by cold winters, hot summers and a highly 
variable precipitation regime. Alternating periods of long drought and high intensity rainfall 
are also a common feature of the climate. This oscillation in climate, when combined with 
poor land management, results in soil erosion and land degradation and creates a 
challenging environment for the agricultural sector, particularly for farmers of rain-fed crops. 
Annual mean temperatures range from approximately 8oC in the north-west regions of the 
country to 15oC in central areas. Precipitation generally increases from east to west across 
the country, with annual precipitation ranging from about 400 mm in the south-eastern and 
central districts to over 1000 mm in the mountain areas that border Albania and Kosovo. 
Although there is considerable inter-annual variability, general historical trends indicate that 
overall average temperature across the country has moderately increased by approximately 
0.2oC while precipitation has decreased significantly by approximately 100 mm. 

Four general circulation models (GCM’s), presented in Climate Change scenarios for 
Republic of Macedonia, the combination of six different emission scenarios and four time 
horizons showed that the country will become hotter and moderately drier as time passes, 
with substantial reductions in summer precipitation and more frequent and severe extreme 
events such as droughts and floods. The mean temperature will increase by 1.0°C and 
1.9°C by 2025 and 2050, respectively. For the same time horizons, mean precipitation is 
projected to decline by 3% and 5%, respectively. Together, this will result in increased 
aridity. There is significant seasonal and spatial variation in impacts. The greatest warming is 
projected to occur in the mountainous north-west region of the country where only minimal 
reductions in precipitation are projected by 2050. The south-east and central regions of the 
country are projected to warm at a slightly slower pace, although precipitation will decline at 
a greater rate especially in the second half of the century. In the south-east region, summer 
precipitation by 2100 is projected to decrease by 19% while temperature will increase by 
6°C. Such extreme changes in the temperature and precipitation will place tremendous 
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strain on agricultural production, thus highlighting the importance of adaptation towards 
negative impact of climate change (country note). 

Additional regional climate modeling and/or statistical downscaling is needed to further 
explore local changes within the country, as it can be expected that the complex orography 
of the country will lead to significant local modifications of the projected national average 
changes. 

 

1.4.2. Soil conditions 

Land degradation: In terms of land degradation and erosion Republic of Macedonia is one of 
the most vulnerable Balkan countries. In 1993 it was estimated that 96.5% of total area of 
the country was affected by erosion. This is due to the mountainous landscape, historical 
and continuing unsustainable agricultural practices, and climatic variability with intense 
rainfalls and aridity. Water erosion is the dominant type of erosion. Intense and concentrated 
rains cause landslides, soil erosion and local floods. Furthermore, significant part of erosion 
deposits occurs in natural lakes and reservoirs. Approximately 17 million m3 of arable soil is 
lost every year with significant costs.The major problems causing soil degradation in rural 
areas are poor agricultural practices, especially inefficient irrigation schemes, the overuse of 
chemical fertilizers and pesticides, and mining operations. Moreover, about 30,000- 80,000 
ha of irrigated agricultural land is vulnerable to salinization and land degradation. Another 
problem affecting land degradation are forest fires and illegal logging. Also, abandonment of 
agricultural areas has in some places contributed to a reduction of erosion, but in mountain 
areas lack of maintenance of terraces may actually have increased erosion. Analyses show 
that soil in urban and industrial areas is contaminated with heavy metals and organic 
chemicals. Mining sites represent 27% of all sources of contamination. 

 

1.4.3. Land use and land management 

After the civil unrest in 2001 the Republic of Macedonia has experienced a gradually 
improved political stability, a rising economic growth and poverty reduction. However, still 
over 20% of the population is poor. The country faces several environmental problems 
including land and forest degradation, loss of biodiversity and ecosystem services as well as 
air and water pollution. Land degradation is associated with inadequate agricultural 
practices. Illegal logging and human induced forest fires are a growing area of concern. 
Agricultural activity, infrastructure and industry are major causes of loss of ecosystem 
services and biodiversity, as well as pollution of air and water. Climate change will add to 
existing stresses, particularly water scarcity, land degradation, loss of biodiversity, and 
natural disasters.   

 

1.5. Methodology 
UNDP and the Ministry of Environment and Physical Planning (MoEPP) are implementing 
the project “Third National Communication to UNFCCC”. The main aim of the project is to 
strengthen the information base, analytical and institutional capacity of the key national 
institutions to integrate climate change priorities into country development strategies and 
relevant sector programs by providing financial and technical support to prepare its Third 
National Communication (TNC) to the United Nations Framework Convention on Climate 
Change (UNFCCC). 

In close cooperation with the Ministry of Education, the project office has established close 
cooperation with the Joint Research Center (JRC) from Italy, which has developed BioMA 
(Biophysical Model Applications). BioMA is an extensible platform for running biophysical 
models on generic spatial units that enables development of various simulations related to 
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agriculture. JRC will train one of the juniors consultants (engaged as part of the project team) 
on using BioMA and will enable using their database for the purpose of this assignment.  

Therefore, within the Third National Communication on Climate Change particular focus will 
be put on expanding and upgrading the analyses already done on national level, as well 
carrying out an integrated cross-sectorial assessment of vulnerability and adaptation, 
particularly relations between the water resources sector/agriculture/health and disaster risk 
reduction (DRR), in the South-Eastern planning region using BioMA model.  

The main objective of the assignment is to contribute to the preparation of the Third National 
Communication to the UNFCCC, with particular focus on the issues related to the agriculture 
sector.  

 

2. BioMA 
 

For the purpose of assessing the agriculture vulnerabilities in Republic of Macedonia to 
climate change and measuring the impacts of the proposed adaptation measures was used 
the BioMA framework developed by the Joint Research Center of the European 
Commission.  

BioMA (Biophysical Model Applications) is an extensible platform for running biophysical 
models on generic spatial units. It is based on discrete conceptual units codified in software 
components (both for simulation engines and user’s interface).Simulations are carried out 
via modeling solutions, which are discrete simulation engines where different models are 
selected and integrated in order to carry out simulations for a specific goal. Each modeling 
solution makes use of extensible components. These features like extensibility are making 
the BioMA framework suitable for assessing the impact of climate change in Republic of 
Macedonia because it gives the advantage for customization of a model with country specific 
parameters. 

The current version of BioMA includes diversified and alternate modeling solutions. While 
crop model approaches available in the platform are known and well tested, new sub-models 
have been linked to estimate critical response of crops to extreme events. For the purpose of 
the Third National Communication to Climate Change two models were used that are 
process-based and which allow to simulate a crop-soil interactions affected by weather and 
agricultural management:  

• ClimIndices – model used for assessing the vulnerability to climate change; 

• CropSyst – model used for assessing the impact of the adaptation measures to 
climate change. 
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Figure 1. The macro-components of the BioMA software framework 

 

3. Usage of ClimIndices model for assessing vulnerability in 

Republic of Macedonia to Climate Change 
 

3.1 ClimIndices 
For the purposes of the Third National Report to UNFCCC in order to make an appropriate 
adaptation strategy and furthermore quantifying the benefits of that adaptation strategy firstly 
there is a need for vulnerability assessment of the area of interest i.e. the south eastern 
region of the country. With this objective were developed agro-meteorological indicators for 
the south eastern region with the ClimIndices model. 

Agro-meteorological indicators are based on climatic variables that have an impact on plant 
life. They are used for various purposes, including the assessment of site suitability for crop 
growth, geographical limits of crop land use in response to climate, and to provide synthetic 
estimates of weather anomalies/trends. ClimIndices calculates basic measures on annual or 
monthly basis (mean air temperature, total precipitation, total incoming solar radiation, etc.) 
and agro-meteorological indicators in groups of six types.  

• Dates, first/last occurrence of a phenomenon in a period of time; 

• Counts, number of occurrences of a phenomenon; 

• Thermal Units, degree-days above/below thresholds; 

• Water, temporal sequence of changes of soil water; 

• Waves, cyclical occurrence of phenomena; 

• Indices, metrics compared to standard values. 
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Table 1. Agro-meteorological indicators implemented in ClimIndices 

Type  Indicator Type Indicator 

Dates Last spring air frost (day) 
Thermal 
sums 

Accumulated air frost temperatures 
(°C-days) 

 
First winter air frost (day) 

 
Accumulated heating (°C-days) 

 
Last spring grass frost (day) 

 

Accumulated growing degree days 
(°C-days) 

 
First winter grass frost (day) 

Water 
balance Wettest week amount (mm) 

 
Max. soil moisture deficit (day) 

 
Excess winter rainfall (mm) 

 
Min. soil moisture deficit (day) 

 
Max. summer moisture deficit (mm) 

 
Wettest week (day of midpoint) 

 
Min. summer moisture deficit (mm) 

 
Start of growing season (day) Waves Longest heat wave (days) 

 
End of growing season (day) 

 
Longest cold spell (days) 

 
End of field capacity (day) 

 
Longest dry spell (days) 

 
Return to field capacity (day) 

 
Longest wet spell (days) 

Counts Air frost days Indices  Indices Mean precipitation intensity (mm d-1) 

 
Grass frost days Rainfall seasonality index 

Heat stress days  Modified Fournier index 

Growing season range days 

Growing season days 

Dry days 

Wet days 

Access period range 

Access period days 

Dry soil days 

Very dry soil days 
 

4. Vulnerability assessment of the agriculture sector 
The preparation of the vulnerability assessment of the agricultural sector, as a part of the 
Third National Communication, is based on totally different approach. Unlike the previous 
reports where the vulnerability assessment was performed on a comparison base of two 
long monitoring climatic datasets (1961-1990 and 1971-2000) with a main aim to show the 
differences of the main climatic indicators over time which have the highest effect on 
agriculture, and a spatial identification of the most vulnerable areas in the Republic of 
Macedonia to the influence of climate change, for the Third National Report we decide to use 
models in order to simulate the basic climatic parameters for the period 1993-2057 with 
centered 2000. The main aim of these simulations was to predict future trends of the basic 
climatic parameters (max. and min air temperature, rainfalls, solar radiation etc.). The data 
obtained were further used as input parameters in the ClimIndices model. With this model 
the future trends of different climatic indicators, sums and indexes were simulated- the 
indicators which have the most direct influence on agricultural production are analyzed in 
details: e.g. average yearly air temperature, average growing season air temperature, 
growing degree days, growing season length, average yearly rainfalls, average growing 
season rainfalls, evapotranspiration, DeMarthone index of aridity and dryness. 

Another characteristic of this report is that in terms of vulnerability assessment, the analysis 
is targeted to the South East (SE) Region of the Country. This region in the previous reports 
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was identified as a one of the most vulnerable regions to the negative impact of climate 
change in agriculture, together with the central region. 

Beside the temporal analysis of the main climatic indicators and indexes for the period 1993-
2057, a spatial analysis is performed in order to assess the degree of vulnerability of the SE 
region and to compare its vulnerability to the other parts of the country. 

 

4.1 Temperature 
In the agricultural sector the air temperature is a basic indicator which is significant for 
assessing the intensity of climate change in a certain area, as well as an elementary 
parameter for calculation of other indicators e.g. start and end of growing season, vegetation 
period length, growing degree days, and for calculation of certain indexes: aridity index, 
dryness, etc. 

 

4.1.1. Mean annual air temperature 

The mean annual air temperatures are calculated for the period 1993-2057. Whole territory 
of the country is divided in a mash of 53 grids. Average yearly temperatures are simulated 
for each grid 25 km2.  

The scope of the future analysis is the SE region of the country which falls within 7 grids 
(64151, 63150, 63151, 63152, 62150, 62151, and 62152). From the simulated data 
presented in Table 2 a progressive increasing of the average air temperature in all sub 
localities can be noted (2.00 -2.43 oC). Similar increasing of the annual air temperature is 
notable for the average values for the SE region as a whole and for the average air 
temperature values for the whole territory of the country. This predictions of air temperature 
increasing are in line with the new elaborated climatic scenarios for the country, where the 
expected increasing of the average air temperatures up to 2050 is 2oC (1.10-3.30). It is 
interesting to underline that the simulations showed increasing of air temperature up to 2040 
which in average yields 2.19 oC, after this point the average air temperatures start to 
decrease for the 2040-2050. Such trends which are against all expectations is difficult to 
explain. Similar decreasing are also notable for the periods 2000-2010 and 2010-2020, but 
still the general trend for the period 2000-2040 goes upwards. In order to analyze the 
decreasing of air temperatures for the period 2040-2050, we need simulated values of the air 
temperature for a longer period (at least 2100), on this way we would have an complete and 
clear picture which will enable to conclude if this 10 years period is just a short breakout of 
the general trend like the previous 2 periods, or it is a general trend of decreasing up to 
2100. There are some theories which such a trend of decreasing is explaining with the 
positive effect of applied measures towards decreasing of the emissions of greenhouse 
gases. 

Beside these temporal simulations of the dynamic of the average yearly air temperatures, a 
spatial analysis of this indicator was performed as well. For this purpose and GIS grid maps 
have been elaborated (Map. 1, 2 and 3) for the whole territory of the country. Out of the data 
indicated in Table 2 and the GIS maps it can be concluded that the south east (SE) region is 
one of the most vulnerable regions in the country. The average yearly air temperatures of 
the SE region are higher for 1.53-2.45 to the rest of the territory 

The GIS maps enable not just identification of the vulnerable regions in the moment, but also 
temporal assessment of vulnerability. Out of these maps it can be concluded that the South 
East and Central region (Ovce Pole, Sv. Nikole, Stip, Strumica, Radovish) will remain most 
vulnerable regions up to the 2050 and most probably beyond this year. 
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Table 2. Mean annual air temperature 

Year 
Row Labels SE reg. 

average 
Country 
average 62150 62151 62152 63150 63151 63152 64151 

2000 10.40 13.56 15.34 13.82 13.53 13.95 12.85 13.35 10.95 
2010 9.58 12.99 14.80 13.14 12.89 13.47 12.27 12.74 10.82 
2020 9.36 12.85 14.86 13.10 12.88 13.31 11.97 12.62 10.55 
2025 9.75 13.15 14.83 13.42 13.15 13.41 12.24 12.85 11.32 
2030 11.10 14.34 16.08 14.69 14.47 14.76 13.59 14.15 12.29 
2040 12.34 15.95 17.55 15.82 15.81 16.38 14.94 15.54 13.57 
2050 10.95 14.23 16.09 14.46 14.34 14.62 13.37 14.01 12.92 

Average 
2000-50 

10.50 13.87 15.65 14.06 13.87 14.27 13.03 13.61 11.77 

 

It should be noted that the negative influence of the average air temperatures on agricultural 
production largely depends on the other environmental conditions (rainfalls, 
evapotranspiration, dryness etc.). Due to that, the negative influences of the increased air 
temperatures will have different extent in different regions of the country. 

 

 

Figure 2.Mean annual temperature in the South Eastern region [°C] 

To the values of the average air temperatures as well as to the intensity of its increasing, 
beside the expected CC, significant influence will have a certain specifics of the concerned 
region. E.g. altitude, relief, vegetative covers etc. Such example of the influence of altitude 
on air temperature is grid No 62150 which falls on the foothills of BelasicaMountain, due to 
what this grid has the lowest values of average yearly air temperatures. 
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Map 1. Mean annual air temperature 2000 Map 2. Mean annual air temperature 2025 Map 3. Mean annual air temperature 2050 
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4.1.2. Mean air temperature growing season 

Growing season air temperatures are very important indicator having in mind that it refers to 
the air temperatures for the period when most of agricultural crops are growing. Each crop 
has a sum of temperatures need for each development stage. Due to that temperatures in 
the growing season are very important for crop development. In case of significant changes 
of growing season temperatures, a certain shift of crop growing stages might be expected, 
mining that some growing stages might occur earlier or latter, which on the other side is 
closely connected with certain crop management practices. This indicator is closely 
connected with Growing Degree Days. If mean air temperatures in spring become higher 
than a certain base temperature (5.6 or 10o C), this moment represents the start of the 
growing season and any excess of temperatures above base temperature is considered as 
sum of growing degree days. 

 

Table3. Mean annual air temperature (growing season) 

Year 
Row Labels SE reg. 

average 
Country 
average 62150 62151 62152 63150 63151 63152 64151 

2000 9.91 12.09 13.21 12.23 12.09 12.34 11.53 11.92 10.57 
2010 8.67 11.18 12.43 11.25 11.13 11.43 10.55 10.95 9.61 
2020 9.83 12.04 13.38 12.41 12.19 12.48 11.67 12.00 10.92 
2025 9.94 12.28 13.29 12.47 12.26 12.48 11.68 12.06 10.55 
2030 10.46 12.95 14.15 13.08 13.03 13.30 12.41 12.77 10.73 
2040 11.98 14.27 15.27 14.41 14.41 14.69 13.95 14.14 11.54 
2050 11.39 13.46 14.51 13.50 13.48 13.66 12.94 13.28 11.35 

Average 
2000-50 

10.31 12.61 13.75 12.77 12.66 12.92 12.11 12.44 12.73 

 

In a case of increasing of the mean air temperatures we might expect earlier start of growing 
season and higher evapotranspiration due to the higher mean air temperatures and 
increasing total sum of growing degree days.  

In this respect the agricultural crops will need more water for its development, which is even 
in this moment a limiting factor for normal growth and is compensated with irrigation. The 
higher average air temperatures and the earlier start of the growing season gives an 
opportunity as a measure for adaptation, for earlier start of growing of certain crops in order 
to avoid the peak of summer hot periods when the temperatures and evapotranspiration are 
high. The only limiting factor to this end might be the prolonged period of last spring frosts, 
so this moment should be taken into consideration when certain adjustments of crop 
management practices will be implemented. 

Out of the data presented in Table 3 it can be concluded that the average air temperatures 
during the growing season will graduate increase. This increase is visible for all sub-regions 
of the SE region. The average increase of the air temperatures in growing season for the SE 
region are 0.14oC and 1.36 oC for the periods 2000-2025 and 2000-2050, respectively. If we 
compare the average air temperatures of the SE region with the other parts of the territory 
we can see that the differences for the whole period are in the ranges of 1.08-2.04 oC. 
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Figure 3. Mean annual temperature in the South Eastern region (cold and warm scenario, 
growing season), [°C] 

 

It should be emphasized that such increasing of the average air temperature of more than 
2.04o C can have a serious impact of the agricultural production in the SE region having in 
mind the intensity of the agricultural production in that region, part of it under high intensive 
cash crops (green houses, orchards and vineyards). The increase of air temperature leads 
to increasing water demands and appearance of certain damages of fruits (sun burns) which 
altogether have an influence not just to the yield but also to its quality and market value. For 
this reason, it can be clearly state that the SE region is highly vulnerable to the negative 
impact of  CC in terms of increasing air temperature on a yearly base and during the growing 
period, and this changes will have serious impact the agricultural production. For this reason 
an effective measures for incising water use efficiency, investments in irrigation and 
applicable adaptation measures in the area of crop management are indispensable and 
should be coupled with an in depth economic analysis which will give an clear answer to the 
economical worth of such activities, which is one of the core elements of this report. 

 

4.1.3. Growing Degree Days Yearly 

Growing degree days represents a yearly sum of temperatures when the average daily 
temperatures are higher than a base temperature for growth, (5.6o C, or 10o C depending of 
the type of crops). 

Plant development depends on temperature. Plants require a specific amount of heat to 
develop from one point in their lifecycle to another, such as from seeding to the four-leaf 
stage (maize), etc.  

Commonly the farmers use a calendar to predict plant development for management 
decisions. However, calendar days can be misleading, especially for early crop growth 



19 
 

stages. Unusual cool or warm period during the vegetation can extend certain development 
stages and affect optimal weed control practices or irrigation shedding. Research has shown 
that measuring the heat accumulated over time (GDD for each stage) provides a more 
accurate physiological estimate than counting calendar days. Having in mind the importance 
of this indicator we have include GDD in the vulnerability assessment of the SE region of the 
Republic. 

From the data received (Table 4.) it can be concluded that the increase of GDD (∑ Tavg>Tc 
where Tc is 5.6oC) for the period 2000-2050 for all sub regions is in the ranges of 400-
450oC. Having in mind that this indicator is in close correlation with the air temperatures we 
can notice the same distribution of its values over the simulated period. Namely the sums of 
GDD are slightly decreasing in the period of 2000- 2025 and then start to increase up to 
2040, when their value decreases again up to 2050. In any case, a general trend of 
increasing of GDD is notable for all analyzed grids (Figure 4). On the base of these findings 
we can conclude that the growing period of all groups of crops with base temperature of 
5.6oC and higher will start earlier and the growing stages will be dramatically shifted in time. 
In addition growing period will be prolonged. 

If we compare the average sums of GDD for the SE region with the GDD for the whole 
country, it can be noticed that the average sum of GDD (3256.18oC) for the SE region is 
much higher than the sum (2630.75) of GDD for the whole country, and the differences for 
the whole period 2000-2050 are 417.35 for the SE region while for the rest of the country is 
only 293.89. This means that the SE region is much more vulnerable than the rest of the 
country and we can expect more emphasized differences in plant development phases for 
the next 40 years period. 

Table 4. Growing Degree Days Yearly 

Year 
Row Labels SE reg. 

average 
Country 
average 62150 62151 62152 63150 63151 63152 64151 

2000 2307.33 3174.51 3677.17 3245.99 3161.94 3296.59 2961.46 3117.86 2606.09 
2010 2125.71 3001.57 3521.41 3035.00 2982.50 3140.57 2809.74 2945.21 2454.10 
2020 2139.87 3065.10 3608.55 3156.91 3079.33 3197.37 2835.77 3011.84 2660.53 
2025 2088.89 2995.31 3503.71 3068.14 3007.37 3104.31 2762.28 2932.86 2442.47 
2030 2569.96 3501.57 3974.15 3588.98 3526.10 3616.16 3292.23 3438.45 2422.41 
2040 2929.62 3908.85 4416.07 3882.37 3867.17 4054.44 3624.20 3811.82 2929.64 
2050 2707.44 3602.95 4084.31 3654.81 3627.40 3688.46 3381.13 3535.21 2899.98 

Average 
2000-50 

2409.83 3321.41 3826.48 3376.03 3321.69 3442.56 3095.26 3256.18 2630.75 

 

In Table 5.are presented the GGD for the growing season. In all analyzed sub regions of the 

SE region an increase of GGD for the period 2000-2050 can be noticed. The increase of 

GGD is in the ranges of 337.13 up to 404.5 oC. The average increase of GGD for the SE 

region is 369.58 oC and is much higher than the average sum of GGS for the whole territory 

of the country which is only 263.19 oC. This is another prove of the vulnerability of the SE 

region when compared to the other parts of the country. The trend of increasing of GGD over 

time is clearly visible on Figure 5. 
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Figure 4. Growing degree days – yearly 

 

Table 5. Growing degree days-growing season 

Year 
Row Labels SE reg. 

average 
Country 
average 62150 62151 62152 63150 63151 63152 64151 

2000 2638.79 2611.71 2923.46 2665.19 2612.95 2698.58 2484.37 2662.15 2217.61 
2010 2540.64 2516.53 2861.47 2546.00 2514.42 2600.63 2369.55 2564.18 2114.03 
2020 2503.72 2486.32 2850.88 2547.20 2504.92 2601.22 2340.36 2547.80 2361.35 
2025 2658.01 2632.84 2962.88 2681.48 2647.25 2725.47 2469.71 2682.52 2036.84 
2030 2951.16 2914.94 3205.09 2981.92 2949.72 3007.68 2802.74 2973.32 2182.82 
2040 3255.34 3239.26 3511.11 3242.16 3241.45 3337.89 3095.82 3274.72 2534.28 
2050 2996.54 2987.24 3260.59 3047.93 3017.46 3043.25 2869.10 3031.73 2480.80 

Average 
2000-50 

2792.03 2769.83 3082.21 2815.98 2784.02 2859.25 2633.09 2819.49 2778.59 
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Figure 5. Growing degree days growing season 

 

4.1.4. Growing season length (GSL) 

Growing Season Length is the number of days when Tavg>Tbase (T base is usually higher 
than 5.6 oC and for some crops higher than 10 oC). This is a period between for growth 
between Start and End of Growing Season. Start Growing Season is the first day when five 
consecutive days Tavg>Tc

* while end Growing Season day when five consecutive days 
Tavg<Tc

oC (Tc>5.6). GSL gives a good indication on the future extent of impact of climate 
change on agriculture, in terms of changes of dates of vegetative stages and vegetation 
period as a whole changes in crop management: selection of varieties, irrigation scheduling 
and plant protection plans.  

From the data presented in Table 6 it can be noticed that the GSL in the South Eastern part 
of the country will be shortened in some sub regions up to 33 days. This is significant 
reduction of the growing season and significant influence in agricultural production can be 
expected. It is interesting to emphasize that the shortening of growing season is mostly due 
to the prolongation of the SGS which in some cases is up to 21 days. Most probably 
prolongation of the SGS will be result of late air frosts or cold spiels at late spring (Figure6). 
Reduce of average rainfalls is another factor that can influence the GSL. The average 
degreasing of GSL for the whole SE region is for a about 27 days up to 2050. Significant 
oscillations of the GSL are notable within the observed period which is normal having in 
mind the oscillations of the average air temperature. The GSL is in the ranges of 240-320 
days for 2000 and 217 and 304 for 2050. A bit higher GSL than calculated for the periods 
(1961-1990 and 1971-2000) a most probably due to the lower base temperature of 5.6oC, 
that the usual one of 10 oC. 

In case of increasing of GDD (up to 400 oC) from one side and shortening of GSL on the 
other, more emphasized heat waves and maximum temperatures during the summer period 
can be expected and higher average air temperature. Such circumstances can significantly 
hamper the agricultural production. 
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Table 6. Growing season length 

Year Value 
Row Labels SE reg. 

average 62150 62151 62152 63150 63151 63152 
2000 1EGS 315 345 348 345 345 345 341 
2000 2SGS 75 49 28 47 51 47 50 
2000 3GSL 240 296 320 298 294 298 291 
2010 1EGS 324 338 338 338 338 338 336 
2010 2SGS 99 68 37 66 67 65 67 
2010 3GSL 225 270 301 272 271 273 269 
2020 1EGS 306 307 347 307 307 345 320 
2020 2SGS 81 49 39 52 52 55 55 
2020 3GSL 225 258 308 255 255 290 265 
2025 1EGS 319 330 331 330 319 330 327 
2025 2SGS 92 59 47 67 66 62 66 
2025 3GSL 227 271 284 263 253 268 261 
2030 1EGS 330 364 364 364 360 360 357 
2030 2SGS 92 65 44 66 64 56 65 
2030 3GSL 238 299 320 298 296 304 293 
2040 1EGS 308 338 352 338 338 338 335 
2040 2SGS 57 41 28 57 56 37 46 
2040 3GSL 251 297 324 281 282 301 289 
2050 1EGS 310 331 353 330 331 331 331 
2050 2SGS 93 65 49 65 66 66 67 
2050 3GSL 217 266 304 265 265 265 264 

Difference2
000-50 

1GSL -23 -30 -16 -33 -29 -33 -27 
2SGS 18 16 21 18 15 19 17 
3EGS -5 -14 5 -15 -14 -14 -10 

1Growing season length (GSL), 2Start growing season (SGS), 3End growing season (EGS) 

 

 

Figure 6. Last air frost 
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4.2. Rainfalls 

Rainfalls considered as a sum for the whole year and a sum for the growing season are 
important climatic indicator for the agricultural sector, since rainfalls and especially effective 
rainfalls are the only source of water for agricultural crops in some areas not covered with 
irrigation schemes or for the rain feed agriculture. Another important characteristic of the 
annual rainfalls is rainfall regime (monthly distribution of rainfalls during the year and the 
growing season), the intensity of rainfalls and the number of rainfalls with high intensity. 

For this study rainfalls were simulated as a yearly sum of rainfalls, which does not gives us 
an opportunity to analyze the dynamic of rainfalls on a monthly base, but still there are 
certain indicators such as most rainy month or five days maximum rainfall amounts which 
can give a good indices on rainfall regime during the year and the growing period. 

 

Table 7. Rainfalls yearly 

Year 
Row Labels SE reg. 

average 
Country 
average 62150 62151 62152 63150 63151 63152 64151 

2000 448.89 399.04 449.54 473.47 411.31 438.57 413.73 433.51 527.9 
2010 545.31 378.69 323.52 396.27 392.73 386.90 411.91 405.05 528.3 
2020 591.06 445.44 401.80 556.93 482.67 385.82 429.49 470.46 641.8 
2025 540.95 444.23 433.34 424.44 434.64 402.88 442.97 446.21 625.2 
2030 369.40 318.43 314.41 376.44 360.98 379.94 400.25 359.98 496.3 
2040 361.54 323.05 265.33 339.94 314.58 278.29 303.09 312.26 406.0 
2050 519.57 447.42 441.42 468.16 456.19 494.90 534.04 480.24 665.2 

Average
2000-50 

482.39 393.76 375.62 433.67 407.59 395.33 419.35 415.39 555.80 

 

In Table 7 the simulated values for yearly rainfalls for the SE region are presented. Out of 
the presented data it can be noticed that the rainfalls in all analyzed sub regions do not 
follow certain pattern of increasing or decreasing yearly sums. Generally speaking it is very 
difficult to predict the rainfalls and the rainfalls regime due to the fact that on a small area of 
26000 km2 several rainfall regimes exist. For instance, in Strumica valley, there are two 
rainfall regimes: modified Mediterranean and mountainous. Due to such diversity it is very 
hard to identify the ongoing and the future trends of rainfalls in the SE region and the whole 
territory of the country. 

Main trend of the simulated yearly rainfalls is decreasing of average sums in all sub-regions 
in the period of 2000-2040 and sudden increase up to year 2050, similarly like with the mean 
annual temperature (Figure 7). The average rainfalls of SE region if compared with averages 
from the whole territory are lower for about 94 to 185 mm, showing that SE region is much 
more sensitive to the decreasing trend of annual rainfalls in the next period up to 2050. 
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Figure 7.Average annual rainfalls 

 

Due to the fact that the rainfalls were simulated on a yearly base it was not possible to 
calculate the effective rainfalls. The effective rainfalls are in fact the part of the rainfalls which 
are available for the crops and its dynamic have significant influence on agricultural 
production and its vulnerability to climate change. With the ClimIndices models used for this 
report, additional indicators have been calculated which are giving some possibilities to have 
some hints on the dynamics of rainfalls during the year. For instance, the sum of rainfalls for 
the most rainy month shows decreasing of 15 mm (15%) for the period 2000-2040, (Figure 
8), while five days maximum rainfalls amount are increasing (Figure 9). On the base of this 
we can conclude that the other monthly averages (least rainy month, five days minimum rain 
falls, dry spells etc.) will have a trend of decreasing which is in a line of the general yearly 
trend of decreasing of rainfalls, while on the other side the increasing of five days maximums 
leads to conclusion that the events of more intensive rainfalls will increase. 

The intensive rainfalls have a harmful effect on the agricultural production. High amount of 
rainy water cannot be adsorbed by the soil and a surface outflow appears. This surface 
runoff cause intensive soil erosion and damages on agricultural crops. Another negative 
effect of intensive rainfalls are the floods, which can threaten a huge areas and compromise 
the agricultural production. Such an event occurred in spring (2013) in the SE region 
(Strumica valley) when within 3 days 64.5-190mm of rainfalls have fallen which is three to 
fourth time higher amount that the average rainfalls for the period 1961-2012.  
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Figure 8. Rainfalls most rainy month Figure 9. Five days maximum rainfall 

amount 

 

Similarly with the yearly average rainfalls, rainfalls in growing season have same pattern of 
up and down of its sums within the simulated period 2000-2005 (Figure 10). If we analyze 
the general trend over the period a decrease of rainfalls in growing season is obvious. This 
decrease is lower than the yearly sums, but still the simulated decrease is up to 15.45%. Any 
decrease of water during the growing season is harmful for agricultural sector giving though 
that in this moment there is a severe shortage of water for the crops which have to be 
compensated through irrigation.  

 

 

Figure 10.Average rainfalls growing season 
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To get better spatial distribution of the rainfalls in Republic of Macedonia and to compare the 
vulnerability of the SE with the other part of the country a GIS maps have been developed. 
The GIS maps give us not just a spatial but also a temporal overview of the rainfall 
distribution and trends (Map. 4, 5, 6). 

From the presented GIS maps it can be noticed that the SE region, together with the central 
region of the country, compared with the other parts of the country have the lowest sums of 
rainfalls which makes this regions the most vulnerable parts of the country. Beside this 
spatial distribution of yearly rainfall sums the GIS maps gives us a good overview of the 
temporal trends of yearly rainfall sums. From the maps presented it can be confirmed that 
the SE region will remain one of the most vulnerable regions of the country in terms of 
decreasing of rainfalls over time due to the negative impact of climate change.  
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Map 4. Rainfalls yearly – 2000 Map 5. Rainfalls yearly - 2025 Map 6. Rainfalls yearly - 2050 
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4.3. Evapotranspiration 
Potential evapotranspiration was simulated using the basic climatological elements (air 
temperature, rainfalls, air moisture, wind speed insolation, sun radiation). This is an 
important indicator for vulnerability assessment of the agricultural sector, giving though that 
in Republic of Macedonia and more particularly in the SE region water is a limiting factor for 
agricultural crops. Increasing and decreasing of the evapotranspiration is primarily 
connected to the air temperature, rainfalls and plant growing stage. In addition significant 
impacts have: solar radiation, wind speed and air vapor pressure. Any changes of these 
elements will have significant effect of evapotranspiration in terms of its total value and total 
water demand, and to the shifting of the picks of evapotranspiration during the growing 
season. 

 

 

Figure 11. Evapotranspiration (mm) 

Having in mind all above mentioned facts, this indicator was introduces in vulnerability 
assessment. 

Out of the data presented in Table. 8 it can be seen that the evapotranspiration have very 
similar dynamics as air temperature. There are certain periods of increasing and decreasing 
of evapotranspiration but there is an obvious trend of increasing over time. Changes of 
evapotranspiration mostly depends to the changes of air temperature, due to what the total 
difference of the average values for the SE region for the period 2000-2050 is not very 
significant and yields only 31.74 mm (3%) while for the period 2000-2040 the difference is 
much higher and is 104.93 (10.14%). 

If we compare the evapotranspiration of the SE and the average of the whole territory, only a 
slightly differences were notices of only 2.5-23.5 mm. 
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Table8. Evapotranspiration (mm) 

Year 
Row Labels SE reg. 

average 
Country 
average 62150 62151 62152 63150 63151 63152 64151 

2000 1105.77 1007.66 1148.4 1012.49 953.15 1037.47 977.52 1034.64 1032.16 
2010 1049.32 952.84 1110.4 970.26 912.28 991.79 932.99 988.55 971.66 
2020 1066.97 969.01 1133.94 976.48 936.53 1009.74 941.96 1004.95 981.69 
2025 1051.29 973.83 1107.81 982.71 927.85 975.80 926.76 992.29 968.80 
2030 1148.88 1036.98 1177.92 1051.89 989.91 1066.86 1014.39 1069.55 1077.10 
2040 1219.71 1107.86 1259.5 1107.44 1058.73 1145.53 1078.23 1139.57 1134.80 
2050 1152.65 1037.78 1178.41 1043.43 985.89 1058.81 1007.64 1066.37 1076.37 

Average
2000-50 

1113.51 1012.28 1159.48 1020.67 966.33 1040.86 982.78 1042.27 1034.65 

 

What is important to emphasize is that the evapotranspiration is much higher than the sums 
of rainfalls. For normal growth of agricultural crops this difference is compensated with 
irrigation. Anyhow irrigation water is in shortage even in this moment and any further 
increased water amount for irrigation is big problem with utilization of present irrigation 
schemes (constructed in period 1950-1970 with crop water demand existed in that period). 
Better utilization of irrigation water and higher irrigation efficiency is imperative for solving of 
that problem. 

 

5. Usage of CropSyst model for measuring the impact of the 

adaptation measures to climate change 

5.1. CropSyst 
CropSyst (Cropping Systems Simulation Model) is a multi-year, multi-crop, daily time step 
crop growth simulation model with objective to serve as an analytical tool to study the effect 
of cropping systems management on crop productivity and the environment. For this 
purpose, CropSyst simulates the soil water budget, soil-plant nitrogen budget, crop 
phenology, crop canopy and root growth, biomass production, crop yield, residue production 
and decomposition, soil erosion by water, and pesticide fate. These are affected by weather, 
soil characteristics, crop characteristics, and cropping system management options including 
crop rotation, cultivar selection, irrigation, nitrogen fertilization, pesticide applications, soil 
and irrigation water salinity, tillage operations, and residue management. 

The model is intended for crop growth simulation over a unit field area (m2). Growth is 
described at the level of whole plant and organs. Integration is performed with daily time 
steps using the Euler’s method .The water budget in the model includes precipitation, 
irrigation, runoff, interception, water infiltration, water redistribution in the soil profile, crop 
transpiration, and evaporation. Water redistribution in the soil is handled by a simple 
cascading approach or by a finite difference approach to determine soil water fluxes. Crop 
development is simulated based on thermal time required to reach specific growth stages. 
The accumulation of thermal time may be accelerated by water stress. Thermal time may be 
also modulated by photoperiod and vernalization requirements whenever pertinent. Daily 
crop growth is expressed as biomass increase per unit ground area. The model accounts for 
four limiting factors to crop growth: water, nitrogen, light, and temperature. Given the 
common pathway for carbon and vapor exchange of leaves, there is a conservative 
relationship between crop transpiration and biomass production. 
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The increase of leaf area during the vegetative period, expressed as leaf area per unit soil 
area (leaf area index, LAI), is calculated as a function of biomass accumulation, specific leaf 
area, and a partitioning coefficient. Leaf area duration, specified in terms of thermal time and 
modulated by water stress, determines canopy senescence. Root growth is synchronized 
with canopy growth, and root density by soil layer is a function of root depth penetration. The 
prediction of yield is based on the determination of a harvest index (grain yield/aboveground 
biomass). Although an approach based on the prediction of yield components could be used, 
the harvest index seems more conservative and reliable for a generic crop simulator. The 
harvest index is determined using as base the unstressed harvest index, a required crop 
input parameter, modified according to crop stress (water and nitrogen) intensity and 
sensitivity during flowering and grain filling. 

 

5.2. Data input 

 

5.2.1. Weather data 

IPCC SRES (Special Report on Emissions Scenarios - SRES) scenarios were constructed to 
explore future developments in the global environment with special reference to the 
production of greenhouse gases and aerosol precursor emissions. 

The IPCC SRES scenarios contain various driving forces of climate change, including 
population growth and socio-economic development. These drivers encompass various 
future scenarios that might influence greenhouse gas (GHG) sources and sinks, such as the 
energy system and land use change. The evolution of driving forces underlying climate 
change is highly uncertain. This results in a very wide range of possible emissions paths of 
greenhouse gases. 

The climate change scenarios for Republic of Macedonia were developed by UHMR. 
Climate change prediction is carried out by software package MAGICC/SCENGEN version 
5.3, whereupon basic recommendations of IPCC and results expressed in the last Fourth 
Assessment Report / AR4 are respected, as follows: 

• Nonexistence of a favored (“the best”) scenario, that is endeavor for use of several 
scenarios by which spectrum of probable results and no single values would be 
obtained; 

• Use of three the most probable values (optimal and limit values) for climate 
sensitivity: 2.0°C, 3.0°C and 4.5°C; 

• Selection of scenarios valid for region which is observed; 

• Six scenarios are used during the work, whose characteristics describe the current 
level and the future technological, demographic, economic and social development, 
as follows: А1B-AIM, А1FI-MI, А1Т-MES, А2-AS, B1-IMAand B2-MES. 

For the purposes in running BioMA this scenarios should be adapted to the resolution 
requirements in order to be in compliance with the other data (crop, soil etc.). This data were 
recalculated according to the A1B scenario and according to the models used 2 scenarios 
are produced so called “cold” and “warm” scenario. 

The source of climate data is the bias-corrected ENSEMBLE datasets of Dosio&Paruolo 
(2011) composed by two realization of the A1B emission scenario: 

• HADCM3 GCM nested with the HadRM3 RCM (the realization is denoted as METO-
HC-HadRM3Q0-HadCM3Q0). This represents a “warm” realization of the A1B 
emission scenario developed at the Hadley Centre in the United Kingdom (Collins et 
al., 2001). 
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• ECHAM5, coupled with the HIRHAM5 RCM for the downscaling. This can be 
considered as a “cold” realization (denoted DMI-HIRHAM5-ECHAM5) developed at 
the Max Planck Institute for Meteorology (Roeckner et al., 2003). 

These two realizations of a single scenario are the extremes within the ones analyzed in the 
ENSEMBLE project, allowing testing the largest uncertainty available in weather inputs to 
impact models. 

From these datasets were extracted the temperatures and the rainfall. Other weather 
variables were estimated by the Joint Research Center (JRC) in Ispra. The parameters were 
calculated as follows: 

 

5.2.2. Global solar radiation 

Global solar radiation was estimated using the auto-calibration procedure 
(Bojanowski&Donatelli, in preparation) of the method Bristow-Campbell, which does not 
require reference data (i.e. recorded data of global solar radiation). The methods for 
estimating global solar radiation using daily air temperature range are based on the 
assumption that the site is not significantly affected by advection, which of course is not 
always the case. In case of an attempt to estimate the solar radiation pattern of a specific 
site, this assumption can be a strong limitation, but when working with abstractions such as 
interpolated time series associated to a spatial grid, the assumption can be considered non-
limiting. This because the range based method is physically based: clear days show a 
greater range of temperature because during the days solar irradiance is not filtered by 
clouds, and, during the night, the long wave emission from soil surface is more rapidly lost in 
the atmosphere. 

Also, seasonality is accounted for in the specific model. As described in the relevant paper, 
the auto-calibration method provides robust estimates of solar radiation, with the advantage 
of estimating a value, which is consistent with temperature data. 

Given that scenarios of climate change as from GCM do estimate changes in temperature, 
the Bristow-Cambell b parameter is consequently estimated for each scenario, and solar 
radiation is estimated accordingly. Of course there are uncertainties on the temperature 
estimates of GCM and RCM, but it is out of scope of this application to articulate about this 
aspect; however, data integration is done creating data records which are consist at daily 
level, as required by crop models. Clear sky transmissivity was estimated for each grid cell 
from remote sensing data (Bojanowski&Donatelli, in preparation), prior to the estimate of the 
b parameter, being c kept constant as c=2.  

 

5.2.3 Wind speed and air relative humidity 

Global circulation models do not produce estimates of either wind or air relative humidity. 

A conservative approach is to use historical series of such data, which only empirically can 
be associated, in general with a weak relationship at each site, to patterns of temperature 
and rainfall. 

However, the data to investigate such relationships are certainly not available for future 
climate scenarios; hence the conservative choice of using unchanged historical 
measurements was made. The measurements used are provided by the CGMS weather 
database: the data of 1996-2005 were used both for the baseline and future scenarios. 
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5.2.4 Reference evapotranspiration and vapor pressure deficit 

Reference evapotranspiration and vapor pressure deficit were estimated from the variables 
above using the FAO56 method, as implemented in the CLIMA libraries (Donatelli et al., 
2006, 2009). 

A simpler method could have been chosen given the uncertainty on inputs, but given that no 
reference data is available, a more physically based model as Penman-Monteith was 
preferred to empirical models which would have generated data not necessarily consistent 
with other variables. Furthermore, an empirical model was not an option given no reference 
data to estimate its parameters.   

The country was divided into 25x25km grids on what were calculated the weather 
parameters in the period of 1993-2057.This grid is the same as the one used operationally to 
forecast yields within the growing season by the MARS Crop Yield Forecasting System 
(MCYFS). 

The grid codes of the South- Eastern region are: 64150, 63150, 63151, 63152, 62150, 
62151 and 62152.  

 

 

Map 7. Spatial grid distribution and their codes 
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Table 9. Average maximal temperature in the South-Eastern region according to A1B “cold” 
scenario 

GRID_ID 
Average of TMAX [°C] by years 

1995 2000 2005 2010 2015 2020 2025 2030 2035 2040 2045 2050 2055 

62150 14.90 14.28 14.49 15.33 13.28 14.60 15.43 15.10 16.99 15.07 15.93 15.79 18.15 

62151 18.33 17.89 18.02 18.92 16.76 18.09 18.96 18.60 20.45 18.56 19.41 19.33 21.21 

62152 20.14 19.62 19.59 20.62 18.48 19.72 20.60 20.24 21.88 20.09 20.91 20.87 22.65 

63150 19.03 18.29 18.40 19.45 17.42 18.68 19.32 19.12 20.69 18.91 19.85 19.72 21.55 

63151 18.56 17.93 17.94 19.07 16.79 18.17 18.95 18.63 20.43 18.66 19.47 19.30 21.30 

63152 18.83 18.37 18.35 19.37 17.09 18.41 19.31 18.91 20.74 19.02 19.76 19.59 21.57 

64151 17.67 17.27 17.21 18.25 15.98 17.35 18.18 17.86 19.65 18.03 18.68 18.45 20.47 

Average 18.21 17.67 17.72 18.71 16.54 17.86 18.68 18.35 20.12 18.34 19.14 19.01 20.99 

 

 

 

Figure 12. Average maximal temperature in the South-Eastern region according to A1B 
“cold” scenario 

 

Table 10. Average maximal temperature in the South-Eastern region according to A1B 
“warm” scenario. 

GRID_ID 
Average of TMAX [°C] by years 

1995 2000 2005 2010 2015 2020 2025 2030 2035 2040 2045 2050 2055 

62150 14.46 15.87 14.25 14.84 15.87 14.29 14.86 16.61 17.87 18.27 17.11 16.37 17.58 

62151 18.51 19.19 17.87 18.43 19.33 18.10 18.41 19.90 21.04 22.07 20.45 19.68 20.65 

62152 20.31 20.89 19.92 20.17 20.86 20.03 20.09 21.50 22.59 23.67 22.11 21.34 22.38 

63150 18.98 19.65 18.29 18.79 19.61 18.32 18.91 20.42 21.18 22.12 20.82 20.03 20.86 

63151 18.61 19.25 17.89 18.44 19.40 18.07 18.48 20.05 21.01 22.12 20.51 19.76 20.80 

63152 18.93 19.65 18.31 18.95 19.73 18.55 18.76 20.27 21.33 22.59 20.76 20.02 21.10 

64151 17.82 18.58 17.00 17.83 18.59 17.19 17.72 19.23 20.12 21.26 19.59 18.95 20.03 

Average 18.23 19.01 17.65 18.21 19.05 17.79 18.18 19.71 20.73 21.73 20.19 19.45 20.49 
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Figure 13. Average maximal temperature in the South-Eastern region according to A1B 
“warm” scenario 
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Table 11. Accumulated precipitation in the South-East region according to "cold" and "warm" A1B scenario 

GRID_ID 
Sum of RAIN [mm] by years “cold scenario” 

1995 2000 2005 2010 2015 2020 2025 2030 2035 2040 2045 2050 2055 

62150 1633.25 2651.98 2348.33 1115.17 1633.54 2028.62 1905.18 2340.18 1617.89 2305.46 1511.68 1424.50 1164.04 

62151 262.60 562.42 481.17 267.74 439.67 337.97 410.25 458.35 284.93 464.47 311.86 489.76 258.68 

62152 233.65 412.21 438.15 229.42 366.95 323.58 337.37 428.59 237.00 400.17 223.09 396.42 225.73 

63150 294.32 570.61 477.65 261.80 519.15 371.04 417.31 548.80 297.00 477.28 326.18 446.51 325.05 

63151 297.12 400.04 447.34 280.71 423.63 376.69 384.51 569.15 244.85 426.05 269.23 560.02 255.78 

63152 258.99 380.01 444.23 242.62 368.50 335.85 383.31 388.43 227.21 349.84 251.50 390.45 212.21 

64151 323.56 426.65 491.49 361.97 435.54 436.43 498.80 476.96 224.88 325.13 294.86 551.90 268.72 

GRID_ID 
Sum of RAIN [mm] by years “hot scenario” 

1995 2000 2005 2010 2015 2020 2025 2030 2035 2040 2045 2050 2055 

62150 360.50 448.89 380.68 545.31 375.58 591.06 540.95 369.40 343.83 361.54 487.17 519.57 537.19 

62151 279.42 399.04 310.35 378.69 320.98 445.44 444.23 318.43 238.64 323.05 381.93 447.42 487.04 

62152 229.22 449.54 293.11 323.52 329.01 401.80 433.34 314.41 238.55 265.33 375.02 441.42 484.49 

63150 305.99 473.47 376.92 396.27 358.56 556.93 424.44 376.44 320.59 339.94 434.94 468.16 489.02 

63151 271.04 411.31 343.48 392.73 335.15 482.67 434.64 360.98 282.74 314.58 449.28 456.19 510.49 

63152 229.65 438.57 315.75 386.90 316.01 385.82 402.88 379.94 253.07 278.29 401.85 494.90 513.65 

64151 266.72 413.73 362.53 411.91 340.42 429.49 442.97 400.25 325.43 303.09 498.05 534.04 536.07 
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5.2.2. Soil data 

An initial default soil data was collected form the JRC in Ispra. Since coverage of soil profiles 
is not uniform throughout Europe for the purposes of this project the soil parameter files 
were customized in order to comply to the South Eastern region specifics. The model can be 
run on a single soil profile at a time. Because of this limitation different soil profiles were 
developed and the simulations were executed on different sets of parameters. Around 20 
soil profiles were developed, keeping in mind that the alluvial soils are more convenient for 
maize and sunflower cultivation and colluvial soils are more appropriate for wheat and barley 
cultivation the produced files will be uses correspondingly. It must be pointed out that the 
simulations limited to soil water are sensitive to basic soil parameters derived from texture, 
and soil depth, as they determine the hydraulic characteristics. In other terms, while a more 
detailed database that would better represent actual soil depths and %of presence in a given 
cell could improve the representativeness of simulations for that cell, the differences in the 
output would not differ markedly except for extremely shallow soils. The specific soil 
parameters for the country are given in the table below.  
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Table 12. Soil characteristics 

S
o
il 

T
y
p
e
 

ID_No 
Horizon 

Thicknessc
m 

Volumetric 
Water 

Content At 
Saturation 

m3m-3 

Volumetric 
Wilting 
Point 
m3m-3 

Volumetric 
Field 

Capacity 
m3m-3 

Bulk 
Density 

Max 
tm-3 

Clay 
% 

Sand 
% 

Silt 
 % 

Skeleton 
% 

Organic 
Carbon 

% 
Texture 

A
L
L

U
V

IA
L

 S
O

IL
S

 

240 0-24 0.52 0.13 0.38 1.32 20.20 58.80 21.00 0.78 1.61 sandy-clay loam 

240 24-52 0.46 0.10 0.31 1.37 26.20 60.80 13.00 0.46 0.91 sandy-clay loam 

240 52-89 0.45 0.12 0.35 1.35 30.20 44.30 25.50 0.64 1.04 clay-loam 

240 89-125 0.45 0.11 0.33 1.45 15.70 61.80 22.50 1.40 0.57 sandy-loam 

241 0-30 0.46 0.11 0.33 1.37 18.70 58.80 22.50 0.34 0.68 sandy-loam 

241 30-75 0.44 0.11 0.32 1.45 15.20 60.80 24.00 0.62 0.40 sandy-loam 

241 75-100 0.47 0.11 0.35 1.24 18.20 38.30 43.50 10.10 0.35 loam 

241 100-140 0.41 0.10 0.29 1.62 2.20 91.30 6.50 0.52 0.13 sand 

243 0-25 0.52 0.12 0.36 1.32 16.70 52.80 30.50 0.00 1.32 sandy-loam 

243 25-83 0.45 0.10 0.31 1.35 8.70 74.30 17.00 0.00 0.53 sandy-loam 

243 83-120 0.50 0.12 0.36 1.24 16.20 51.80 32.00 0.56 0.94 loam 

243 120-150 0.50 0.13 0.41 1.18 24.20 33.80 42.00 0.48 0.92 loam 

244 0-30 0.43 0.10 0.30 1.54 1.70 91.80 6.50 3.44 1.05 sand 

244 30-81 0.39 0.09 0.26 1.64 1.70 94.80 3.50 5.48 0.74 sand 

144 0-20 0.48 0.12 0.35 1.28 1.90 65.20 32.90 0.20 1.57 sandy-loam 

  20-60 0.45 0.10 0.30 1.37 3.60 89.10 7.30 0.20 0.96 sand 

  60-90 0.45 0.10 0.30 1.38 5.10 88.80 6.10 0.10 0.56 sand 

  90-100 0.42 0.10 0.29 1.54 6.30 90.70 3.00 0.30 0.40 sand 

251 0-25 0.45 0.11 0.35 1.32 7.00 79.00 14.00 0.10 1.12 loamy-sand 

  25-50 0.46 0.11 0.35 1.33 7.50 75.40 17.10 0.70 0.79 sandy-loam 

  50-130 0.45 0.12 0.36 1.38 5.60 74.80 19.60 0.90 0.56 sandy-loam 
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49 0-30 0.50 0.14 0.42 1.18 30.30 17.50 52.20 0.50 3.44 silty-clay-loam 

  30-75 0.49 0.13 0.40 1.19 24.60 21.30 54.10 0.00 2.66 silt-loam 

  75-100 0.46 0.11 0.33 1.34 18.10 71.80 10.10 0.00 1.51 sandy-loam 

13 0-18 0.47 0.12 0.36 1.24 23.70 23.70 52.60 0.10 2.86 silt-loam 

  18-35 0.53 0.13 0.38 1.34 20.20 31.80 48.00 0.30 1.78 loam 

  35-60 0.54 0.14 0.42 1.23 22.80 28.60 48.60 0.00 0.85 loam 

  108-140 0.44 0.11 0.32 1.39 5.80 63.40 30.80 0.30 0.56 sandy-loam 
29 0-20 0.53 0.11 0.32 1.24 26.20 70.30 3.50 0.20 2.90 sandy-clay-loam 

  20-56 0.45 0.09 0.28 1.44 8.20 81.80 10.00 0.10 1.20 loamy-sand 

  56-108 0.45 0.11 0.32 1.47 30.60 65.20 4.20 0.10 0.85 sandy-clay-loam 

190 0-20 0.44 0.10 0.31 1.38 6.30 71.70 22.00 0.40 5.20 sandy-loam 

245 0-37 0.44 0.10 0.30 1.38 3.70 87.30 9.00 34.28 1.91 sand 

C
O

L
L

U
V

IA
L

 S
O

IL
S

 

245 37-87 0.41 0.10 0.29 1.64 2.20 95.30 2.50 61.46 0.18 sand 

245 87-110 0.46 0.10 0.31 1.33 5.20 83.80 11.00 20.48 0.44 loamy-sand 

250 0-30 0.45 0.10 0.30 1.37 4.20 83.30 12.50 10.90 1.59 loamy-sand 

250 30-66 0.44 0.10 0.30 1.45 5.20 83.70 11.10 5.06 0.38 lomay-sand 

250 66-100 0.46 0.10 0.31 1.35 5.20 77.80 17.00 1.80 0.30 loamy-sand 

250 100-130 0.52 0.12 0.35 1.32 7.20 77.80 15.00 2.24 0.47 lamy-sand 

27 0-15 0.48 0.12 0.37 1.19 18.60 19.80 61.60 5.70 1.15 silt-loam 

  15-45 0.49 0.13 0.38 1.24 18.90 20.50 60.60 1.40 1.71 silt-loam 

  45-105 0.50 0.13 0.39 1.18 23.10 19.20 57.70 3.30 0.67 silt-loam 

  105-145 0.48 0.11 0.35 1.28 13.30 36.80 49.90 10.70 0.58 loam 

24 0-15 0.52 0.13 0.39 1.32 0.20 78.10 21.70 3.30 1.10 loamy-sand 

  15-50 0.46 0.11 0.35 1.37 6.20 75.80 18.00 2.50 0.80 sandy-loam 

  50-125 0.45 0.11 0.34 1.45 6.80 84.50 8.70 3.20 0.54 loamy-sand 

129 0-15 0.43 0.11 0.33 1.47 4.60 86.10 9.30 5.90 1.25 loamy-sand 

  15-65  -  -  -  -  -  -  -  -  -  - 

  65-85  -  -  -  -  -  -  -  -  -  - 
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  85-125  -  -  -  -  -  -  -  -  -  - 

103 0-25 0.46 0.12 0.36 1.33 7.60 70.10 22.30 5.90 1.40 sandy-loam 

  25-50 0.41 0.10 0.29 1.54 1.40 96.10 2.50 11.70 0.85 sand 

280 0-25 0.44 0.10 0.29 1.44 1.80 89.30 8.90 8.10 0.77 sand 

  25-80 0.44 0.10 0.31 1.38 5.90 84.10 10.00 7.10 0.64 loamy-sand 

216 0-20 0.49 0.12 0.35 1.34 8.50 71.00 20.50 1.20 1.55 sandy-loam 

  20-65 0.48 0.11 0.34 1.23 6.90 69.80 23.30 2.30 0.76 sandy-loam 

  65-110 0.49 0.12 0.36 1.24 1.60 70.00 28.40 0.40 0.61 sandy-loam 

  110-140 0.46 0.10 0.32 1.39 2.80 74.50 22.70 0.40 0.78 loamy-sand 

223 0-20 0.50 0.12 0.36 1.24 3.70 60.70 35.60 1.40 1.75 sandy-loam 

  20-50 0.47 0.10 0.32 1.27 9.70 63.30 27.00 2.00 1.26 sandy-loam 

  50-100 0.52 0.13 0.40 1.32 5.50 76.80 17.70 5.00 0.70 loamy-sand 

226 0-20 0.47 0.11 0.35 1.35 6.00 76.40 17.60 6.70 1.63 loamy-sand 

  20-50 0.50 0.14 0.42 1.24 12.00 58.50 29.50 5.80 1.70 sandy-loam 

  50-80 0.45 0.10 0.30 1.45 4.80 84.00 11.20 13.10 0.72 loamy-sand 

  80-90 0.45 0.10 0.30 1.45 4.80 84.00 11.20 4.30 0.70 loamy-sand 

O
T

H
E

R
 S

O
IL

S
 242 0-30 0.43 0.11 0.33 1.45 20.20 48.30 31.50 0.20 0.50 loam 

242 30-78 0.44 0.10 0.30 1.39 9.70 66.80 23.50 0.34 0.19 sandy-loam 

242 78-120 0.49 0.13 0.39 1.19 34.20 15.30 50.50 1.88 0.38 silty-clay-loam 

246 0-10 0.48 0.11 0.32 1.23 6.20 78.80 15.00 4.62 4.35 loamy-sand 

246  10-47 0.51 0.12 0.35 1.34 6.20 81.80 12.00 4.40 1.46 loamy-sand 

246 47-72 0.47 0.10 0.31 1.35 7.70 80.80 11.50 3.60 2.56 loamy-sand 
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5.2.3. Crop data 

The CropSyst model uses a specific set of parameters corresponding to the crop type. The 
Crop parameters are numerical representation of the phenology (thermal time requirements 
to reach specific growth stages, modulated by photoperiod and vernalization requirements if 
needed), Morphology (Maximum LAI, root depth, specific leaf area and other parameters 
defining canopy and root characteristics), Growth (transpiration-use efficiency normalized by 
VPD, light-use efficiency, stress response parameters, etc.), Residue (decomposition and 
shading parameters for crop residues), Harvest Index etc. For the purposes of this 
simulation four crop files were developed that represent the crops in the South-East region in 
Republic of Macedonia with the parameters given in the table below.  

 

 

Map 9. Wheat variety in use based on MARS - JRC 
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Map 9. Maize crop calendar based on Crop Growth Monitoring System by MARS - JRC 

 

 

Map 10. Sunflowers variety in use based on MARS - JRC 
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Table 13.Crop characteristics 

Description MaxValue MinValue Units Sunflower Wheat Maize Barley 

Vernalization A parameter 10 0 °C 0 7 0 7 

Base temperature for development 40 -10 °C 6 1 8 1 

Base temperature for growth 20 -10 °C 6 1 8 1 

Cutoff temperature for development 50 10 °C 30 28 30 28 

Days requirement to complete vernalization 200 0 unitless 0 50 0 50 

Days requirement to start vernalization 30 0 unitless 0 10 0 10 

Development stage beyond which there is no re-growth 3 1 unitless 3 3 3 3 

Development susceptibility to water stress  1 0 unitless 0 0.3 0 0.3 

Extinction coefficient for solar radiation 0.9 0.1 unitless 0.5 0.48 0.47 0.48 

ET crop coefficient at full canopy 1.3 0 unitless 1.15 1.18 1.25 1.18 

Full canopy water uptake maximum 13 7 kg m-2 d-1 12 9 13 9 

Harvest Index 1 0 unitless 0.31 0.4 0.5 0.4 

Maximum plant height 4 0 m 2 1.2 1.5 1.2 

High temperature for optimal vernalization 20 0 °C 30 30 30 30 

Initial leaf area index 0.5 0.001 m2 m-2 0.01 0.01 0.03 0.01 

Maximum leaf area index 12 0 m2/m2 6 6 5 6 

Leaf area index initial value shape 2 1 unitless 1.5 1.5 1.5 1.5 

Leaf duration 1700 100 °C day-1 1000 1300 900 1300 

Low temperature for optimal vernalization 10 -10 °C 0 4 0 4 

Maximum radiation use efficiency 8 0.1 g MJ-1 2.88 2.5 4.5 2.5 

Maximum rooting depth 200 7 cm 190 160 150 160 

Minimum vernalization factor 1 0 unitless 0 0 0 0 

Maximum initial green leaf area index 0.2 0.05 m2 m-2 0.1 0.1 0.05 0.1 

Night Temperature Critical 50 10 °C 15 3 10 3 
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Night Temperature Maximum 50 20 °C 25 11 25 11 

Optimum temperature for growth 40 8 °C 20 25 24 25 

Factor to convert global solar radiation to PAR 0.6 0.4 unitless 0.5 0.5 0.5 0.5 

Day lenght to inhibit flowering 24 0 hour 0 10 0 10 

Day lenght for insensitivity of photoperiod 24 0 hour 0 18 0 18 

Development stage critical for re-growth 2 1 unitless 1.5 1.5 1.5 1.5 

Specific leaf area at emergence 40 10 m2 kg-1 20 20 20 20 

Stem leaf partition coefficient 7 1 unitless 4 1.5 3 1.5 

Thermal Time To Begin Yield Formation 1700 200 °C-d 1150 1370 1050 1370 

Thermal Time To Emergence 400 70 °C-d 110 60 93 60 

Thermal time to end green leaf area index 1700 0 C°-d 1000 1300 900 1300 

Thermal Time To Flowering 2000 300 °C-d 925 870 760 870 

Thermal Time To Maturity 3000 800 °C-d 1630 2200 1480 2200 

Transpiration Biomass Coefficient 10 3 (kg/m²)kPa)/m) 4.9 5.8 7.6 5.8 
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5.3. Agro-management data 
Climate change and climate variability are real concerns for the sustainable development of 
agriculture worldwide. While agriculture is a complex sector with the agricultural still being 
dependent on climate, because seasonal patterns of light, temperature, water, air humidity 
and carbon dioxide concentration (CO2) are the main determinants for crop growth and 
consequently for crop production. 

Agricultural crop production is certainly going to be affected under future climate change. 
Even so, because of regional differences in both natural and anthropogenic factors that 
control plant responses, the intensity of climate impacts on crop yields can vary depending 
upon location, climate change scenarios and crop (Tubiello et al., 2002). 

A large number of studies have analyzed the potential effects of climate change on different 
crops productivity response (Rosenweig and Tubiello, 1996; Lal et al., 1998; Tubiello and 
Ewert, 2002; Parry et al., 2004; Trnka et al., 2004; Ventrella et al., 2009a). In particular, 
temperature rising can have either negative or positive effects on crop yield, but generally it 
have been found to reduce yields and quality of many crops. So, for instance, Stucyzinski et 
al. (2002) reported that drier conditions and rising temperature in the Mediterranean region 
and parts of Eastern Europe may lead to lower yields. In fact, crop response to temperature 
increment depends on the degree of temperature increase as well as the development stage 
of the plant. Hatfield (2008) demonstrated that any increase in temperature result in reduced 
grain filling period for wheat and other some grain species and consequently, lower crop 
yield. In Argentina maize yield was projected to decrease, but yield projection for wheat were 
mixed depending upon projected temperature increases (Magirin et al., 1997). Similar yield 
results were found in maize and wheat in the southern part of Romania (Cuculeanu et al., 
1999). In southern Italy, the durum wheat yields were predicted to increase under different 
climate change scenarios. However, Tubiello et al. (2000) found that projected wheat yields 
using CropSyst would decrease under two climate change scenarios in two Italian locations. 
Nevertheless, to overcome the negative impact of climate change and variability on crop 
yield, especially in vulnerable regions where agriculture is most sensitive to climatic 
fluctuation, many adaptations strategies were suggested.  

Advance or daily in sowing date, increasing nitrogen fertilizer application, optimization of 
irrigation management, reduced plant population density, improvement in soil moisture by 
conservative tillage system and choice of crop cultivar with the best thermal requirement 
represent the main agronomic adaptation techniques able to maintain current levels of crop 
production in future and consequently to limit potential damages of climate change.  

Several studies show that without adaptation, climate change may create considerable 
problems related to agricultural production and agricultural economy in many areas. With 
adaptation, vulnerability can be reduced and there are numerous opportunities to be realized 
(Rosenzweig and Parry, 1994; Wheaton and McIver, 1999; Smith and Skinner, 2002).  

Based on these considerations, part of the objective of this study is to evaluate a set of 
adaptation options such as changes in sowing date and irrigation management as 
adaptation strategies to forecast climate change for the cultivation of winter wheat 
(Triticumaestivum L.), maize (Zea mays L.) and sunflower (Helianthus annuus L.) in the 
context of country’s agricultural system, specifically in the South-East part of the country.  

 

5.3.1. Climate Projections 

The Second National Communication of Republic of Macedonia outlines climate projections 
for the country. The general trends from this analysis indicate that country will become hotter 
and moderately drier as time passes, with substantial reductions in summer precipitation and 
more frequent and severe extreme events such as droughts and floods. This analysis was 
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performed using four general circulation models (GCM’s), a combination of six different 
emission scenarios and four time horizons. As demonstrated by the ensemble range for both 
temperature and precipitation in Table 14, there are significant differences in the extent of 
the potential changes between the four GCM models and associated emissions scenarios. 

 

Table 14. Future Climate Projection for Republic of Macedonia compared to 1961-1990 
period 

Time Horizon 
Temperature Projections Precipitation Projections 

Ensemble 
Averages0C 

Ensemble 
Ranges0C 

Ensemble 
Averages% 

Ensemble 
Ranges% 

2025 1 0.9 – 1.1 -3 -1 – -6 
2050 1.9 1.6 – 2.1 -5 -2 – -7 

 

The ensemble average projects that the mean temperature will increase by 1.0°C and 1.9°C 
by 2025 and 2050, respectively. For the same time horizons, mean precipitation is projected 
to decline by 3% and 5%, respectively. Together, this will result in increased aridity. 

There is also significant spatial variation. Because of the complex geography, there will be 
important differences in the magnitude of climate changes at a sub-national scale. The 
Second National Communication outlines these differences via localized empirical 
downscaling projections for the south-east, central and north-west parts of the country 
(Table 15). 

 

Table 15.Future Sub-National Climate Projections for the country Compared to the 1961-
1990 period 

Time 
Horizon 

Mean Temperature Projections 0C Mean Precipitation Projections (%) 

South- 
East 

Central 
North-
West 

South- 
East 

Central 
North-
West 

2025 1.2 1.1 1.3 -3 -3 -2 
2050 2.3 2.2 2.6 -5 -6 -3 

 

The greatest warming is projected to occur in the mountainous north-west region of the 
country – where only minimal reductions in precipitation are projected by 2050. The south-
east and central regions of the country are projected to warm at a slightly slower pace, 
although precipitation will decline at a greater rate especially in the second half of the 
century18. The implications for agriculture become much clearer when seasonal and sub-
national projections are combined. For example, in the south-east region, summer 
precipitation by 2100 is projected to decrease by 19% while temperature will increase by 
6°C. Such extreme changes in the temperature and precipitation will place tremendous 
strain on agricultural production, thus highlighting the importance of adaptation. 

 

5.3.2. Projected Crop Yield Impacts 

Local studies undertaken to project the impact of climate change on crop yields have been 
carried out over the last few years. Although projections vary significantly, there is general 
agreement that impacts will be negative after 2050 for a variety of summer and perennial 
crops across the majority of the country. However, the yield impact on winter crops like 
wheat is less certain, with both increasing and decreasing yields projected, depending on the 
assumptions of the underlying studies. 
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The projections clearly display the spatial variability of yield impacts across the country and 
the difference between crops for both time periods. For rain-fed wheat, the major growing 
areas in the continental and Mediterranean agro-ecological zones are projected to 
experience a moderate increase in yields of up to 10% for both 2025 and 2050. For rain-fed 
maize, moderate (0-10%) and severe yield declines (10-25%) are projected for the majority 
of Republic of Macedonia by 2025 and almost all the country is projected to experience 
severe maize yield declines of up to 25% by 2050, with some highly vulnerable areas 
projecting catastrophic yield declines of greater than 25%. 

The analysis also indicates that with no adaptation and no irrigation, productivity would 
decline considerably for all crops in the most vulnerable areas across the country. 

 

5.3.3. Materials and Methods 

As it mention above, the country was divided into 53, 25x25km grids where the weather 
parameters in the period of 1993-2057 were calculated. The grid codes of the South - 
Eastern region are: 64150, 63150, 63151, 63152, 62150, 62151 and 62152. Although 
growing of field crops do not represent the main agricultural activates for the farmers in 
these regions, there are several reasons for choosing wheat, maize and sunflower in the 
vulnerability assessment: winter wheat is mainly rain-fed, and maize and sunflower are both 
a rain-fed and an irrigated crop. The maize crop is sensitive to water availability, especially in 
the flower initiation/tasseling and silking/grain-filling phases. Winter wheat is a less water 
consumptive crop, but is sensitive to water stress in the anthesis phase. In addition, winter 
wheat and maize are different plants from the genetic point of view, so their response to 
doubled atmospheric CO2 is different. 

Winter wheat is generally planted in September and October. Farmer choose winter wheat 
planting dates to ensure a proper amount of growth before winter dormancy sets in. Thus, 
the growing degree day (GDD) accumulation between planting and the onset of cold 
temperatures is an important climatic factor (Blue et al. 1990).  

Maize planting generally occurs in April and May because the crop cannot germinate below 
a soil temperature of 10 0C (Nafziger, 2003a). But the water content of the soil can be more 
important than its temperature. Thus, air temperature is rarely a direct determinant of maize 
planting date in temperate regions, but is rather an index of when soils are warm enough, 
and more important dry enough. In all cereals, the crop is most sensitive to drought stress 
during flowering (Heisey&Edmeades, 1999). Therefore, although some global models predict 
planting date based on conditions at the time of planting (Bondau et al., 2007), in reality the 
expected conditions later in the season can be more important. However, for crops that are 
photoperiod sensitive, the flowering date may be less dependent on the planting date. 
Tropical maize cultivars tend to be photoperiod sensitive, whereas temperate cultivars are 
generally not (Major & Kiniry, 1991).  

Sunflower is a spring-sown crop which yields well with high radiation. Sowing is generally 
timed so that the growing season corresponds to the period of maximum radiation receipt in 
any location. At 10 0C temperature threshold is confirmed by Narciso et al. (1992) as the 
optimal temperature for sowing.   

For the purpose of our investigations the time horizons that are studied are 2025 and 2050, 
and the comparison is done against a baseline year – 2000, considered as a representative 
of current conditions.  

The base agro-management scenario (SC 0) for each crops which will be used as a referent 
one to which comparisons will be made is without irrigation, with sowing date that 
corresponds with traditional crop management in the study zones. In reality, of course, 
planting dates probably vary within each region, but we did not have enough information to 
specify these intra-regional variations.  
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The additional agro-managements scenarios with the aim of comparing changes in crop 
yield with changing climate in order to find the most suitable strategy, for wheat (SC 1 – SC 
5) consist of irrigation with sprinkler, with irrigation volume of 60 and 80 mm, and 3 different 
number of irrigation – 1, 2 and ON 20d (Table 16). In the case of wheat, In order to assess 
the importance of adapting sowing and harvesting dates to changing climate or weather 
conditions three additional scenarios are designed: D0 – which corresponding with 297 day 
of year (DOY) when sowing is done, D0+22 and D0+31, as well H0 – corresponds with 254 DOY 
when harvesting is start, H0-24, and H0-38 respectively (Table 16).  

 

Table 16. Agro management data for wheat  

 
SC 0 SC 1 SC 2 SC 3 SC 4 SC 5 

PLANTING 
      

Planting depth [m] 0.03 0.04 0.04 0.04 0.04 0.04 

Day of the year 296 297 297 319 328 328 

HARVESTING 
      

Yield loss fraction [%] 0.0 0.1 0.1 0.1 0.1 0.1 

Day of the year 253 254 254 230 216 216 

IRRIGATION 

N
O

 I
R

R
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A
T
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N

 

     
Start-Day of the year 202 220 165 150 130 

End-Day of the year 224 220 191 191 190 

Irrigation type 

S
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R
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R
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R
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P
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P
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Irrigation volume [mm] 60 80 60 60 60 

Max. No of irrigations 2 1 2 2 
ON 
20d 

 

The calibrated model for maize consists from 9 predictions (SC 1 – SC 9) included 4 types of 
irrigations: sprinkler, drip irrigation, furrow and border irrigation, 3 irrigation volume: 30, 60, 
and 80 mm and different number of irrigations ranked from min. 2 to max. 13, included ON 
20d, depend from type of irrigation (Table 17). There are not any differences in time for 
sowing and time for harvesting for maize and sunflower, so DOY for sowing and harvesting 
are constants in all scenarios. The schedule for irrigation is done in two ways. Firstly for both 
is a set a date window (start and end date). During this time the irrigations will occur. In the 
first case, each irrigation occurs when the plant reaches a threshold and has half of a 
needed water e.g. dry days. The second type of irrigation is when the max. number of 
irrigations variable is a set to “ON Nd”, which means that an irrigation will occur on the Nth 
day no matter if it’s a dry day or not.  
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Table 17. Agro management data for maize  

  SC 0 SC 1 SC 2 SC 3 SC 4 SC 5 SC 6 SC 7 SC 8 SC 9 

PLANTING 
          

Planting depth [m] 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 

Day of the year 110 110 110 110 110 110 110 110 110 110 

HARVESTING 
          

Yield loss fraction [%] 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 

Day of the year 263 263 263 263 263 263 263 263 263 263 

IRRIGATION 
          

Start-Day of the year 

N
O

 I
R

R
IG

A
T

IO
N

 

157 177 171 157 157 177 171 160 160 

End-Day of the year 216 216 206 227 216 216 206 225 225 

Irrigation type 

S
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R
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R
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T
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Irrigation volume [mm] 60 60 80 30 60 60 80 30 30 

Max. No of irrigations 5 4 2 13 5 4 2 
ON 
14d 

ON 
14d 

 

Agro-management adaptations for sunflower predicted 8 scenarios (SC1 – SC 8), where 3 
types of irrigation are implemented: sprinkler, drip irrigation and furrow, with irrigation volume 
of 50 and 70 mm and number of irrigation ranked from min. 2 to max. 12 as well as ON 14d, 
depends from type of irrigation (Table 18).  
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Table 18. Agro management data for sunflower 

 
SC 0 SC 1 SC 2 SC 3 SC 4 SC 5 SC 6 SC 7 SC 8 SC 8 

PLANTING 
        

 
 

Planting depth [m] 0.04 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 

Day of the year 116 117 117 117 117 117 117 117 117 117 

HARVESTING 
        

 
 

Yield loss fraction [%] 0.0 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 

Day of the year 254 254 254 254 254 254 254 254 254 254 

IRRIGATION 

N
O

 I
R

R
IG

A
T
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N

 

       
 

 
Start-Day of the year 159 163 173 159 159 163 173 173 160 

End-Day of the year 217 208 206 234 217 208 206 206 220 

Irrigation type 
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Irrigation volume [mm] 50 50 70 15 50 50 70 70 50 

Max. No of irrigations 4 3 2 12 4 3 2 2 
ON 
20d 

 

The aim of the model is the determination of the yield and biomass potential on those 
cultivate under base and simultaneous scenarios and to propose some adaptive 
agronomical measures that will mitigate the forthcoming climate changes. 

 

5.4. Wheat scenarios 
Figures 14 and 15 summarized the relationship between biomass and grain yield for winter 
wheat in SC 0 scenario. 
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Figure 14. Total biomass produced in the South-Eastern region in the years 2000th, 2025th 
and 2050th, [kg/ha] 

 

 

Figure 15. Total yield produced in the South-Eastern region in the years 2000th, 2025th and 
2050th, [kg/ha] 

 

The total crop biomass is cumulative biomass in the critical crop growth stages which are 
significant to final yield. The grain yield of wheat crop is determined by the level of biomass 
production and the extent of its transformation into economic product. 

In the SE region in 2000, wheat occupied almost 3800 ha with average yield of around 8800 
kg/ha for biomass and 3400 kg/ha for grain. The vegetation period (DOY) is taken as one 
unit having in mind that the time of sowing is in one year and time of harvesting in the next 
one. In 2000, the peak for the yield of biomass was achieved 524 DOY and for grain 540 
DOY. Compared those data with the targeted years, the wheat biomass will decrease for 
23% in 2025 and 27% in 2050, as same as the yield where reduction is between 21 and 
25% respectively. Obviously, a progressive increasing of the average air temperature in all 
sub localities (2 - 2.43 oC), will lead to the lower yield at all, although it is difficult to explain 
how the slight decreasing of the temperature in the period between 2000 and 2025 and 
between 2040 and 2050 has negative impact on high of the yield overall. Also, these data 
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especially for the grain yield are inconsistent with those set out in section Project Crop Yield 
Impacts as a part of the Second National Communication of Republic of Macedonia where 
for rain-fed wheat, the major growing areas in the continental and Mediterranean agro-
ecological zones are projected to experience a moderate increase in yields of up to 10% for 
both 2025 and 2050. One reason is that could be a trend which is strictly influence from 
climate change, concretely from the temperature and refers only for SE region. The other 
explanation in reducing of the yield may be required in the fact that the 
concentrationofCO2as a variable was not taken into account in this study. Many laboratory 
and field experiments have demonstrated a positive influence of elevated levels of 
atmospheric CO2 on the magnitude of biomass and grain production in wheat. In one study 
estimated the impact of typically predicted climate changes on wheat production in the 21-st 
century, finding that a doubling of the air's CO2 concentration would likely enhance wheat 
yields between 12 and 49% in spite of a predicted 2.9 to 4.1 °C increase in air temperature. 

To mitigate somehow climate changes which will have great impact to the vulnerability as 
well as wheat productivity in SE region, we develop some scenarios: first, using of irrigation 
as agro-management techniques, and second, delay the sowing period in order to avoid dry 
days due to lack of rainfall, a fact that is present in the recent years. 

Generally the wheat in SE region is a rain-fed crop. Much of the information for producing 
dry land winter wheat is pertinent to irrigated production. Irrigation simply relieves water 
stress; however minimizing water stress may lead to increased pest pressures or make 
nutrients the most limiting factor. A good yield response to irrigation winter wheat is possible 
by addressing key crop production practices. 

For the time of sowing, winter wheat yields decline if the crop is planted to early or too late. 
Unlike many spring crops, early planting does not necessarily give advantages to winter 
wheat. One of the major risks to early planting is that high temperatures can have adverse 
effects on the germination and early development, increasing in the same time the 
vulnerability to insects and viral infection. Late planting of winter wheat is also detrimental to 
yields. Late planting does not allow enough time for crop growth before dormancy sets in. 
This can result in insufficient root growth, making the plants more susceptible to drought and 
winter injury. In addition late planting can prevent the crop from achieving full vernalization 
prior to dormancy. Thus, winter wheat planting dates are based on hitting the optimal 
window that avoids most of the problems of both too early and too late planting.   

The scenarios of applying different agro-managements (SC 1 – SC 5; Table 4.1.4.2) are 
presented in figures from 16 to 17. 
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Figure 16. Yield production difference as a result of different agro-management techniques 
for 2025 year 

 

 

Figure 17. Yield production difference as a result of different agro-management techniques 
for 2050 year 

 

Comparing with the baseline scenario, the maximum yields will be obtain delaying the 
sowing at 319 DOY applying two irrigation between 165 and 191 DOY, when the grain yield 
is increased by 33% in 2025 (scenario SC 3), and by 43% in 2050, when the sowing is delay 
328 DOY and irrigation is practice every 20nd days, starting from 130 and finishing at 190 
DOY (scenario SC 5). Also, these yields are higher for 14% and 28% respectively, 
comparing with the year 2000. However, the vegetation period in bought cases will not be 
shorter. Another important conclusion is that in the rest scenarios the yield is higher 
compared with the reference sowing time. It may conclude that winter wheat sown later has 
the best chance of optimal temperature during flowering and low water stress during grain 
filling which is supplemented by irrigation, contributing to greater yields.  
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In particular the sowing time of wheat in future scenarios for SE region will be delayed since 
the cooler temperatures required for vernalization (less than 10 0C mean temperature for at 
least 5 days) will be occurred later with respect to the baseline period. The following phases, 
anthesis, grain filling period and physiological maturity generally will be as same or 
prolonged in comparison to the baseline period. Late ripening, slowly maturing wheat will 
give the higher yields. One of the reasons for this is based on GDD which is expected to 
increase as average temperature increased (Figure 18).  

 

 

Figure 18. Growing degree days temperature for wheat 

 

From the figure it can be see that the values for GDD between examined years during the 
wheat vegetation vary. However we must accept the conclusion that in all analyzed sub 
regions of the SE region an increase of GGD can be noticed, and is much higher than the 
average sum of GGD for the whole territory of the country. This is another prove of the 
vulnerability of the SE region when compared to the other parts of the country.  

Therefore, in the forecast scenarios of SE region, delayed sowing (middle until end of 
November) in combination with sprinkler irrigation allowed to maximize the yield of winter 
wheat. Without adaptation, the climate changes forecast for the region is predict to induce a 
yield reduction of wheat with the global temperature increase by 2 and 2,40 C respectively. 

 

5.5 Maize scenarios 
Figures 19 and 20summarized the relationship between grain and biomass yield for maize in 
SC 0 scenario. 
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Figure 19. Total yield produced in the South-Eastern region in the years 2000th, 2025th and 
2050th, [kg/ha] 

 

 

Figure 20. Total biomass produced in the South-Eastern region in the years 2000th, 2025th 
and 2050th, [kg/ha] 

 

In the SE region of Republic of Macedonia maize is sown on around 3200 ha from where the 
average yield is 5330 kg/ha which is 26% higher compared with the average level of the 
country obtaining from individual farmers (4200 kg/ha) and 22% lower from those of 
agricultural cooperatives (6500 kg/ha).  

According the data presented in Figure 19 the grain yield will be significantly lower in the 
forthcoming period in common planting date. Under climate change scenario maize yield is 
expected to be reduced by56% in 2025andeven86% in 2050 respectively (Figure 19), far 
more than the forecast presented in the Second National Communication which seeks to 
reduce the yield of corn by 25%. At the same time, higher temperatures will greatly affect the 
shortening of the vegetation of maize that is specifically expressed in 2050 where the 
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maximum yield is noted 220 DOY, which represents a reduction of vegetation for 15 days 
(maximum yield in 2000 was realized from 235 DOY and further). Identical correlativity is 
determined on the yield of biomass where reduction ranges from 34% in 2025 to 58% in 
2050, compared to 2000. It may conclude that if traditional varieties and agro-management 
practices are maintained, maize cycle will be shortened because of higher temperatures. 
The decrease in maize’s ET could be caused by decreases in growing days and in Leaf Area 
Index due to higher temperature, and a lower transpiration due to stomata closure. 

It has been recognized that maize yield depends mostly on weather conditions especially in 
the silking and tasseling period. High temperatures, low relative humidity and low rainfall 
during this period negatively affect maize growth, leading to a decrease in dry matter 
production. In case of maize from several sets of agro-management techniques the irrigation 
as one of the major adaptation strategy has been used to combat meteorological droughts, 
because it increases crop yields and reduce the risk of crop failure. The effect of irrigation: 
type, number and water quantity, in the future scenarios for 2025 and 2050 are presented in 
Figures 21 to 24.  

 

 

Figure 21. Yield production difference as a result of different agro-management techniques 
for 2025 year 
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Figure 22. Yield production difference as a result of different agro-management techniques 
for 2025 year 

 

 

Figure 23. Yield production difference as a result of different agro-management techniques 
for 2025 year 

 

In general, the irrigation regardless of the number of irrigation, type, and water regime, 
increased the yield of maize in 2025 and in 2050, but only in 2025 will be on the same level 
as 2000. The average calculated yield in 2025 for all scenarios is 5400 kg/ha which is higher 
for 35% compared with SC 0, with no irrigation. Separately, the highest yield can be 
expected in SC 1 – 6500 kg/ha, using sprinklers, between 157 and 216 DOY, 5 times, with 
norm of 60 mm. Satisfactory high yield is obtained from the second scenario when the 
irrigation norm is 240mm (60 mm spaced at 4irrigation) through the sprinklers, from 177 to 
216 DOY as well as SC 4 - drip irrigation where norm of 390 mm is distributed through 13 
irrigation. The lowest yield was achieved with border irrigation – 4100 kg/ha, irrigated every 
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20th days, and also in SC 3 and SC 7whenthe total amount of water for irrigation was180mm, 
whether used sprinklers or furrows. Hence, sowing of maize110DOYwithamount of water for 
irrigation between240-300mmdistributedmainly in reproductive period of the crop, can 
ensuring a satisfactory yield. 

 

 

Figure 24. Yield production difference as a result of different agro-management techniques 
for 2050 year 

 

 

Figure 25. Yield production difference as a result of different agro-management techniques 
for 2050 year 
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Figure 26. Yield production difference as a result of different agro-management techniques, 
2050 

 

In 2050, conclusions concerning the type, quantity and number of irrigation are almost 
identical as 2025, with one significant remark. For a period of 25 years (2025-2050), 
although irrigation as an agricultural measure continuously will be used, the yield will 
decrease evident on a average level of 3900 kg/ha from all scenarios which is decreasing for 
28%, ranked from 3400 kg/ha in SC 9 as a minimum to 4200 kg/ha in SC 1 as a maximum. 
That is the fact of which we should be more concerned Decisions evidently must be found in 
the introduction of additional agro-technical measures like early sowing dates and careful 
use of mineral fertilizers, especially nitrogen, introducing of new hybrids or other crops with 
the same purposes of use, which for sure will mitigate climate change, whose, in the case of 
maize, are evident. 

Biomass yield was significantly affected by the grain yield. Therefore, the scenarios which 
produced the highest seed yield, produced the maximum biomass yield, ranked from more 
than 14 t/ha in SC 1, 2, 3 and 4 as well more than 12 t/ha in SC 8 in 2025, and around 10 
t/ha in SC 1 and SC 2 and more than 9 t/ha in SC 4, 5, 6, 8 in 2050 respectively (Figures 25 
– 30). These values are expected because the biomass yield is decreases progressively as 
the number of plants increases in a given area because the production of the individual 
plants is reduced. 
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Figure 27. Biomass production difference as a result of different agro-management 
techniques for 2025 year 

 

 

Figure 28. Biomass production difference as a result of different agro-management 
techniques for 2025 year 
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Figure 29. Biomass production difference as a result of different agro-management 
techniques for 2025 year 

 

 

Figure 30. Biomass production difference as a result of different agro-management 
techniques for 2025 year 
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Figure 31. Biomass production difference as a result of different agro-management 
techniques for 2050 year 

 

 

Figure 32. Biomass production difference as a result of different agro-management 
techniques for 2050 year 

 

5.6. Sunflower scenarios 
Sunflower is not a relevant crop in SE region. Current sunflower production is realized on 1 
ha with yield of around 1700 kg/ha (Figure 31). 
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Figure 33. Total yield produced in the South-Eastern region in the years 2000th, 2025th and 
2050th, [kg/ha] 

 

The climate change analysis describes the strong effect of temperature increment on 
sunflower production. The achene yield will be considerably reduced with increasing 
temperatures up to 2oC in the area. Compared with present scenario than it can be 
estimated that there will be reduction in yield to 30% in 2025 (expected yield 1190 kg/ha) 
and up to 40% in 2050 (expected yield 990 kg/ha) for sunflower crop. In the same time, 
higher temperature affects the rate of plant development (vegetative growth), and the 
vegetation period will be shorter for approximately 13 days in 2050 where the peak of the 
yield will be 217 DOY. These data are identical with those obtaining from different regions in 
Europe where the yield of sunflower in Eastern Europe will be lower from 10 – 30% by 2030. 
The assertion can be summarized by higher evapotranspiration coupled with less rainfall 
compared to baseline period. 

As in the case of corn we set the same task: analyze the response of sunflower crop to 
several irrigation water regimes, types and number of irrigation, evaluating the sunflower 
yield and how it relates to projected climate changes. Eight scenarios have been developed 
as presented in Table 18. 

Figures from 31 to 34 summarized the relationship between sunflower yield and irrigation as 
agro-management practice.  
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Figure 34. Yield production difference as a result of different agro-management techniques 
for 2025 year 

 

 

Figure 35. Yield production difference as a result of different agro-management techniques 
for 2025 year 
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Figure 36. Yield production difference as a result of different agro-management techniques 
for 2050 year 

 

 

Figure 37. Yield production difference as a result of different agro-management techniques 
for 2050 year 

 

The simulated impact of irrigation against increased temperature determined increasing 
trend of sunflower yield in all scenarios.  

The data recorded in Figures 31 and 32 targeted 2025 show that the average sunflower yield 
for all eight scenarios is 1925 kg/ha which is higher for 38% compared with base scenario – 
SC 0 in the same year, but also higher for 12% compared with the base scenario from year 
2000, respectively. Irrigation with sprinklers 4 times with norm of 50 mm between 159 and 
217 DOY gave the highest yield of around 2200 kg/ha (SC 1). 
Startingwithirrigation4dayslaterand breaking9daysearlier compared with SC 1 using 
sprinklers and dividing thesumby150mmin 3irrigations also have positive effect to the yield – 
2100 kg/ha. In the other scenarios the yield is between 1700 and 2000 kg/ha. The data also 
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show the irrigation with sprinkler is more acceptable for sunflower because even with the 
same amount of water the yield is higher compared with furrow irrigation. 

By 2050 it’s predicted that sunflower yield decreased by approximately 17% compared to the 
2025 average yields, although the irrigation as agro-measure increased the yield for 17% in 
all scenarios compared with SC 0 when 2050 is analyzed separately (Figures 33 and 34). In 
regard with these predictions some climate models suggest that even the slowest warming 
scenario will influenced to the grater yield losses on sunflower as soon as 2025 and may 
decrease by as much as 29 percent before the end of the century.  

Some of the following suggestions must be under take to meet the challenges of changed 
climate on sunflower productivity: the development or breeding of new sunflower hybrids 
must be initiative that might be tolerant to higher temperature and adverse climatic 
conditions. Also, all agronomic management practices (hybrid selection, sowing method and 
time, application of irrigation & fertilizer, insect pest and disease management) may need to 
meet the needs of food security under threatens of climate change. 

Exploring beneficial options to avoid or reduce negative effects of climate change is an 
imperative in climate-sensitive activities. The simulations presented above indicate that 
adjustment in sowing dates as well as the irrigation could produce substantial yield of wheat, 
maize and sunflower in SE region of the country under future climate change. Delaying the 
sowing date in case of wheat or advancing the same practices for maize and sunflower with 
certain type, quantity and number of irrigation would probably be the most appropriate 
responses to offset the negative effects of a potential increase in temperature. But it concern 
only in the case of2025. The period of years 2025 – 2050 will be far more critical. Therefore 
additional modeling studies should be made such: modeling of climate change (especially 
reduced precipitation) on yield in the presence of extra CO2 and its effect on water 
consumption; determine what can be done to close the yield difference between high-yield 
and low-yield farmers; but also introduce some other agro management techniques that are 
likely to become available in the future.  
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2000 2025 2050 

Map 11. Wheat water limited biomass potential directed by weather circumstances (no irrigation) 

 

  
 

2000 2025 2050 

Map 12. Maize water limited biomass potential directed by weather circumstances (no irrigation) 

 



67 
 

 

 

   

2000 2025 2050 

 

Map 13. Sunflower water limited biomass potential directed by weather circumstances (no irrigation) 
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5.7. Problems and challenges 
In general there were two types of challenges that were encountered when using the 
CropSyst model: the omission of data that was needed for the running of the model and the 
lack of experience in usage of the BioMa framework. 

The BioMa was used for the first time in Republic of Macedonia and furthermore it was used 
for the first time outside of the JRC Institute. A great challenge was firstly to learn how the 
framework works and the usage itself since there were no additional sources of information 
or supporting community. Second issue in the BioMa framework was that the tool for 
calibration was not released in the period prior to this project completion so; all the 
calibration of the model had to be done manually. 

The data omission mainly occurred in several areas: 

- Insufficient field soil data; 
- Insufficient crop data for the types of crops.  

 

6. Crop Water Requirement (CWR) and Irrigation Water 

Requirement (IWR) in Strumica Region with Predicted Climate 

Change 

6.1. Climate & Climate Change 
The Base case option in this study was based on data of regional meteorological stations 
average for period 1995-2009. These data were used for minimal and maximal temperature, 
as well as for air humidity, solar radiation and wind. The rainfall used was average for the 
base period of 1961-1990.  

The climate change option was derived based on base case and predicted changes for 
referent point B (closer to Demir Kapija and Strumica) as presented in the report on Climate 
Change Scenarios for Republic of Macedonia (Karanfilovski, 2012). We used average 
predictions presented on page 12 for temperatures and page 18 for rainfalls (R. of 
Macedonia version). 

Other meteorological parameters required for assessment of Crop Water Requirement 
(CWR) are not elaborated in the climate change scenarios, so we were forced to use “no 
change” option, even though we are aware that solar radiation will be increased due to less 
rainfalls and lower cloudiness. Also certain changes should appear in air humidity and wind. 
So this study should be used only as orientation, and any value should not be considered as 
absolute. 

 

6.1.1. Air temperature 

The changes in air temperature are presented in Table 19. 
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Table 19. Average monthly temperatures bas case and with predicted climate change in oC 

Month 
Base Case CC Case2025 CC Case2050 CC Case2075 CC Case 2100 
Min 

temp 
Max 
temp 

Min 
Temp 

Max 
temp 

Min 
temp 

Max 
temp 

Min 
temp 

Max 
temp 

Min 
temp 

Max 
temp 

January -0.9 7.4 -0.1 8.2 0.6 8.9 1.3 9.6 1.8 10.1 

February -1.2 9.9 -0.4 10.7 0.3 11.4 1.0 12.1 1.5 12.6 

March 3.5 15.9 4.5 16.9 5.3 17.7 6.2 18.6 6.8 19.2 

April 5.8 18.7 6.8 19.7 7.6 20.5 8.5 21.4 9.1 22.0 

May 10.9 25 11.9 26.0 12.7 26.8 13.6 27.7 14.2 28.3 

June 14.5 29.5 16.2 31.2 17.5 32.5 19.1 34.1 20.3 35.3 

July 16.9 31.9 18.6 33.6 19.9 34.9 21.5 36.5 22.7 37.7 

August 16.3 31.3 18.0 33.0 19.3 34.3 20.9 35.9 22.1 37.1 

September 11.9 26.3 13.0 27.4 13.8 28.2 14.9 29.3 15.6 30.0 

October 7.9 21.2 9.0 22.3 9.8 23.1 10.9 24.2 11.6 24.9 

November 2.4 13.1 3.5 14.2 4.3 15.0 5.4 16.1 6.1 16.8 

December 1 6 1.8 6.8 2.5 7.5 3.2 8.2 3.7 8.7 
 

The temperature increase with time and the highest increase is expected for year 2100. The 
highest increase in the monthly values is predicted for growing period and it will surly affect 
the crop water requirement that will increase as temperature is increasing.  
 

6.1.2. Rainfalls 

Rainfall is a very important in activities related to hydrology and especially in the irrigation 
project. The characteristic of sub-Mediterranean zone is that yearly rainfall sum is higher in 
comparison with that one in continental climatic.  

Monthly data on base case rainfalls and rainfall predicted by climate change is presented in 
Table 20. 

Table 20.Monthly sum of rainfall, base case and with predicted climate change in mm 

Month Base Case CC case 2025 CC case 2050 CC Case2075 CC case 2100 

January 49.6 48.112 46.624 46.624 45.632 

February 47 45.59 44.18 44.18 43.24 

March 48.2 46.272 44.344 41.452 40.006 

April 46.5 44.64 42.78 39.99 38.595 

May 55.9 53.664 51.428 48.074 46.397 

June 39.5 33.18 28.44 19.75 15.405 

July 32.6 27.384 23.472 16.3 12.714 

August 20.8 17.472 14.976 10.4 8.112 

September 31.7 31.066 28.847 26.945 25.36 

October 46.4 45.472 42.224 39.44 37.12 

November 62.6 61.348 56.966 53.21 50.08 

December 66.8 64.796 62.792 62.792 61.456 

Year 547.6 518.996 487.073 449.157 424.117 
 

The yearly sum of the rainfalls is decreasing. The decrease is by about 5% in year 2025, 
12% in year 2050, 18% in year 2075 and almost 23% in year 2100. This decrease is 
significant and for a sure will increase water supply for the crops. Decrease of the yearly 
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sum of rainfalls is not only problem related to rainfalls. The rainfall pattern will change and 
total rainfalls in growing season will decrease and winter rainfalls will increase. It can have 
very negative effect on irrigation water requirement and it will increase due to lack of rainfalls 
in growing season. Having in mind increased CWR as result of increased temperature, 
combined with decreased rainfalls we expect further increasing on irrigation water 
requirement (IWR) in the future. Agriculture in Strumica region anyhow depend on irrigation 
and further increase of required amount of water for irrigation will cause serious disturbance 
of water supply in the water limited catchment of Strumica river. 

The distribution of the rainfalls by seasons is presented in Table 21. 

 

Table 21.Distribution of rainfalls by season in % 

Season Base Case CC case 2025 CC case 2050 CC Case2075 CC case 2100 

Winter 29.8 30.5 31.5 34.2 35.4 

Spring 27.5 27.9 28.4 28.8 29.5 

Summer 17.0 15.0 13.7 10.3 8.5 

Autumn 25.7 26.6 26.3 26.6 26.5 

Year 100 100 100 100 100 
 

The rainfalls are distributed very unevenly with very small portion during the summer months 
(only 17% in base case). Future climate will be characterized with even more uneven 
rainfalls so, up to year 2100 summer rainfall will be reduced by half. Most of the reports on 
climate change are emphasizing increased variability in rainfalls pattern what is valid for 
Strumica region as well. 

 

6.1.3. Relative Air Humidity 

The relative air humidity is a very significant factor in the crop water requirements 
(Evapotranspiration). Also the relative air humidity can affect cultivation practice for certain 
crops. Our assumption is there will not be any changes in relative air humidity so data 
presented for the base case (Table 22) will be used in climate change case as well. 

Table 22.The monthly average relative air humidity for Demir Kapija in percentage for base 
case 

 Month  

 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year 
% 79 70 64 62 60 55 50 54 63 72 77 81 66 

 

Long-term average value is 66%. The values of the relative air humidity in the grooving 
season are from 54% to 63%. The summer period daily minimums are much lower (very 
often under 30%), corresponding with the hottest period of the day and can have adverse 
effect on pollination, increasing transpiration etc.  

 

6.1.4. Wind 

The wind is a very important factor that affects crop water requirements 
(Evapotranspiration). Increased wind will remove moist air in the canopy and it will increase 
transpiration as well as evaporation from open water surface and soils. The assumption is 
that there will not be any changes in wind so data presented for the base case (Table 23) will 
be used in climate change case as well. 
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Table 23.The monthly average wind speed for Demir Kapija in km/day base case 

 Month  

 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year 
km/day 86 104 121 121 104 104 95 86 78 60 69 69 91 

 

Long-term average value is 91 km/day and is rather low. The more important is that values 
are much higher in spring and early summer. That causes quicker drying of the soil in spring 
period and reduces soil water balance from very beginning of the season.   

 

6.1.5. Solar radiation 

Solar radiation is driving force for photosynthetic activity, but from the other side it is 
increasing evapotranspiration. The plant can benefit from increased solar radiation and 
increased carbon dioxide concentration in the air through increased photosynthesis, higher 
biomass production and finally higher yield. We are aware that solar radiation will increase, 
but positive effect on crop yield is very disputable because limiting factor of agricultural 
production in Strumica region is water availability. Increased evapotranspiration and 
increased crop water requirement combined with decreased rainfalls do not promise any 
positive effect of solar radiation. Even worse increased solar radiation can cause solar burns 
on the fruits and decrease market values of several agricultural products. As previously 
explained assumption is there will not be any changes in solar radiation so data presented 
for the base case (Table 24) will be used in climate change case as well. 

 

Table 24.The monthly average solar radiation for Demir Kapija in MJ/m²/day base case 

 Month  

 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year 
MJ/m²/day 5.2 8.7 12.7 17.3 21.2 25.2 24.9 22.3 15.4 10.4 6.3 4.2 14.5 

 

Long-term average value is 14.5 MJ/m²/day. It is clear that summer months are 
characterized with higher solar radiation.  

 

6.2. Crop water requirement and irrigation water requirement 
This section of report deals with crop water requirement (CWR), irrigation water requirement 
(IWR), as essential data for design of irrigation projects. CWR is calculated by FAO 
CROPWAT for Windows software, version 8. The source data for calculation of those 
parameters are presented in previous chapter as follow: 

• Minimum temperature 

• Maximum temperature 

• Air humidity 

• Sunshine hours 

• Wind speed. 

Effective rainfall is used in the calculation of IWR. CWR is calculated using data for Demir 
Kapija, as a closest meteorological station to the project area. 
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6.2.1. Estimation of Referent Transpiration 

The computations were made with the computer program FAO CROPWAT for Windows 
software, version 8. The meteorological station of Demir Kapija represents the project area. 
The calculation of ETo was done on the base of average data of regional meteorological 
measurements for the period 1995-2009 and rainfalls for the period of 1961-1990. Data are 
provided by UNDP. 

Crop water requirement is defined as the depth of water needed to meet the water loss 
through evapotranspiration of a disease-free crop, growing in large fields under non-
restricting soil conditions including soil water and fertility achieving full production potential 
under the given growing environment. 

It is calculated by standard FAO methods. The crop water requirement represents the water 
demand of each crop. CWR depends on climatic conditions and the crop and includes the 
transpiration of the crop as well as the direct evaporation from the soil.  

The effect of the climate on crop water requirement is given by the reference crop 
evapotranspiration (ETo) from an extensive surface of 8 to 15 cm tall, green grass cover of 
uniform height, actively growing, completely shading the ground and not short of water. ETo 
is expressed in mm per day and represents the mean value over that period.  

 

The effect of the crop characteristics on crop water requirements is given by the crop 
coefficient (kc) that represents the relationship between reference (ETo) and crop 
evapotranspiration (Etcrop or ETc). Values of kc given are shown to vary with the crop, its 
stage of growth, growing season and the prevailing weather conditions. ETc can be 
determined in mm per day as mean over the same 30- or 10 day periods.  

ETc is computed as follows: 

ETc = ETo * kc 

where:  

ETc (ETcrop) –  crop evapotranspiration or crop water requirement for certain period; 

ETo –  referent evapotranspiration for same period; 

kc –  crop coefficient for same period. 

 

6.2.2. Referent Evapotranspiration for base case and CC cases 

The source data for calculation of referent evapotranspiration (ETo) is presented in previous 
chapter. Results of the calculation together with data used to calculate ETo are presented in 
Table 25 for base case and Tables 26-29 for CC case. Calculation of ETo, was done by FAO 
CROPWAT 8.0 software.  

The meaning of symbols used in table 25-29 is: 

T avgoC Average monthly air temperature in oC; 
TmaxoC Average monthly maximum air temperature in oC; 
TminoC Average monthly minimum air temperature in oC; 
RH %  Average monthly relative humidity of the air in percentage; 
WS m/s Average monthly wind speed in m/s; 
SSH h  Average monthly duration of sunshine in hours; 
ETo mm/d Average daily evapotranspiration in mm/day. 
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Table 25.Referent evapotranspiration and data used to calculate it for BASE case 

Month 
Min. 

Temp°C 
Max. 

Temp°C 
Humidity 

% 
Wind 

km/day 
Sun 

hours 
Rad 

MJ/m²/day 
ETo 

mm/day 

January -0.9 7.4 79 86 2.1 5.2 0.6 

February -1.2 9.9 70 104 4.1 8.7 1.03 

March 3.5 15.9 64 121 5.2 12.7 1.95 

April 5.8 18.7 62 121 6.7 17.3 2.82 

May 10.9 25 60 104 8.2 21.2 3.9 

June 14.5 29.5 55 104 10.6 25.2 5.09 

July 16.9 31.9 50 95 10.7 24.9 5.34 

August 16.3 31.3 54 86 10 22.3 4.71 

September 11.9 26.3 63 78 6.8 15.4 3.05 

October 7.9 21.2 72 60 5 10.4 1.75 

November 2.4 13.1 77 69 3 6.3 0.92 

December 1 6 81 69 1.4 4.2 0.52 

Average 7.4 19.7 66 91 6.1 14.5 2.64 
 

The ETo varies from 0.52 mm/day in December to 5.34 mm/day in July with an average 
value of 2.64 mm/day. This ETo is representing the climatic conditions within the region in 
base case. 

 

Table 26.Referent evapotranspiration and data used to calculate it for CC 2025 case 

Month 
Min. 

Temp °C 
Max. 

Temp °C 
Humidity 

% 
Wind 

km/day 
Sun 

hours 
Rad 

MJ/m²/day 
ETo 

mm/day 

January -0.1 8.2 79 86 2.1 5.2 0.62 

February -0.4 10.7 70 104 4.1 8.7 1.06 

March 4.5 16.9 64 121 5.2 12.7 2.01 

April 6.8 19.7 62 121 6.7 17.3 2.9 

May 11.9 26 60 104 8.2 21.2 3.99 

June 16.2 31.2 55 104 10.6 25.2 5.28 

July 18.6 33.6 50 95 10.7 24.9 5.54 

August 18 33 54 86 10 22.3 4.91 

September 13 27.4 63 78 6.8 15.4 3.14 

October 9 22.3 72 60 5 10.4 1.81 

November 3.5 14.2 77 69 3 6.3 0.96 

December 1.8 6.8 81 69 1.4 4.2 0.54 

Average 8.6 20.8 66 91 6.1 14.5 2.73 
 

The ETo varies from 0.54 mm/day in December to 5.54 mm/day in July with an average 
value of 2.73 mm/day. This ETo is representing the climatic conditions within the region in 
CC 2025 case and differences with base case are slight. 
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Table 27.Referent evapotranspiration and data used to calculate it for CC 2050 case 

Month 
Min. 

Temp °C 
Max. 

Temp °C 
Humidity 

% 
Wind 

km/day 
Sun 

hours 
Rad 

MJ/m²/day 
ETo 

mm/day 

January 0.6 8.9 79 86 2.1 5.2 0.63 

February 0.3 11.4 70 104 4.1 8.7 1.09 

March 5.3 17.7 64 121 5.2 12.7 2.06 

April 7.6 20.5 62 121 6.7 17.3 2.97 

May 12.7 26.8 60 104 8.2 21.2 4.06 

June 17.5 32.5 55 104 10.6 25.2 5.42 

July 19.9 34.9 50 95 10.7 24.9 5.69 

August 19.3 34.3 54 86 10 22.3 5.06 

September 13.8 28.2 63 78 6.8 15.4 3.22 

October 9.8 23.1 72 60 5 10.4 1.85 

November 4.3 15 77 69 3 6.3 0.99 

December 2.5 7.5 81 69 1.4 4.2 0.56 

Average 9.5 21.7 66 91 6.1 14.5 2.8 
 

The ETo varies from 0.54 mm/day in December to 5.69 mm/day in July with an average 
value of 2.80 mm/day. This ETo is representing the climatic conditions within the region in 
CC 2050 case and differences with base case are slight in winter months and higher in 
summer months. It is clear that ETo is increasing with higher degree during the summer 
(during the growing period). 

 

Table 28.Referent evapotranspiration and data used to calculate it for CC 2075 case 

Month 
Min. 

Temp °C 
Max. 

Temp °C 
Humidity 

% 
Wind 

km/day 
Sun 

hours 
Rad 

MJ/m²/day 
ETo 

mm/day 

January 1.3 9.6 79 86 2.1 5.2 0.65 

February 1 12.1 70 104 4.1 8.7 1.11 

March 6.2 18.6 64 121 5.2 12.7 2.12 

April 8.5 21.4 62 121 6.7 17.3 3.05 

May 13.6 27.7 60 104 8.2 21.2 4.14 

June 19.1 34.1 55 104 10.6 25.2 5.6 

July 21.5 36.5 50 95 10.7 24.9 5.88 

August 20.9 35.9 54 86 10 22.3 5.24 

September 14.9 29.3 63 78 6.8 15.4 3.31 

October 10.9 24.2 72 60 5 10.4 1.91 

November 5.4 16.1 77 69 3 6.3 1.04 

December 3.2 8.2 81 69 1.4 4.2 0.58 

Average 10.5 22.8 66 91 6.1 14.5 2.89 
 

The ETo varies from 0.58 mm/day in December to 5.88 mm/day in July with an average 
value of 2.89 mm/day. This ETo is representing the climatic conditions within the region in 
CC 2075 case and differences with base case are further increasing following previously 
explained trend.  
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Table 29.Referent evapotranspiration and data used to calculate it for CC 2100 case 

Month 
Min. 

Temp °C 
Max. 

Temp °C 
Humidity 

% 
Wind 

km/day 
Sun 

hours 
Rad 

MJ/m²/day 
ETo 

mm/day 

January 1.8 10.1 79 86 2.1 5.2 0.71 

February 1.5 12.6 70 104 4.1 8.7 1.13 

March 6.8 19.2 64 121 5.2 12.7 2.16 

April 9.1 22 62 121 6.7 17.3 3.11 

May 14.2 28.3 60 104 8.2 21.2 4.19 

June 20.3 35.3 55 104 10.6 25.2 5.73 

July 22.7 37.7 50 95 10.7 24.9 6.02 

August 22.1 37.1 54 86 10 22.3 5.39 

September 15.6 30 63 78 6.8 15.4 3.38 

October 11.6 24.9 72 60 5 10.4 1.87 

November 6.1 24.9 77 69 3 6.3 1.3 

December 3.7 16.8 81 69 1.4 4.2 0.84 

Average 11.3 24.9 66 91 6.1 14.5 2.99 
 

The ETo varies from 0.71 mm/day in January to 6.02 mm/day in July with an average value 
of 2.99 mm/day. This ETo is representing the climatic conditions within the region in CC 
2075 case and differences with base case are further increasing. There is rapid increase of 
ETo during the winter months following the trend of temperature increasing 

 

6.2.3. Crop water requirement in base case and in CC cases 

The crop water requirement (CWR) is calculated by correction of ETo with the crop 
coefficient kc. According to the FAO recommendation the growth period of each crop can be 
categorized in 4 stages: the initial stage, the development stage, the stage of full maturity 
and the ripening stage. Depending on the agro – ecological conditions and the cultural 
practice of each crop the duration of each stage can vary. The duration of each stage and 
the corresponding kc values for each crop were slightly adjusted from original FAO 
recommendations by Department for Irrigation of Agricultural Crops at the Faculty of 
Agricultural Sciences and Food in Skopje in order to make better fit to local environment.  

The CRW is calculated using equation: 

 

CWR = kcETo (for each development stage using FAO CROPWAT 8.0 Software) 

 

In order to determine what crops should be used in our calculations we analyzed present 
cropping pattern, based on data from National Statistical Office. The cropping pattern in 
Strumica region is base for calculation of crop water requirement. We simplified the cropping 
pattern because some crops are grown on extremely small areas and we cannot use 
CROPWAT software for crops that are represented in the cropping pattern with less than 1% 
(limitation of the software). So we add these areas to the most similar crops. So the 
presented cropping pattern is simplified. 

We should emphasize that there is not any change in cropping pattern in base case and in 
climate change cases. It means no any adaptation is foreseen with changing of cropping 
pattern, introducing of drought tolerant crops, neither any on farm (autonomous) adaptation 
(as changing of sowing dates) nor any other adaptation is applied.  
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The cropping pattern we are going to use is presented in table 30. 

 

Table 30.Cropping pattern adjusted for use with CROPWAT software 

Crop ha % 

Wheat 3945 17 

Barley 1152 5 

Maize 3130 13 

Tobacco 3625 15 

Potatoes 861 4 

Onion 137 1 

Faba Grains (Bean, Peas, Lentil) 886 4 

Cabbage 916 4 

Tomatoes 1241 5 

Peppers 1854 8 

Cucumber 550 2 

Melons and Water Melons 1169 5 

Alfalfa 2460 10 

Fodder Maize 363 1 

Meadows 1063 4 

Vineyards 147 1 

Orchards 193 1 

Total 23692 100 
 

This cropping pattern is majority field crop oriented (cereals are 22% of the total) and 
together with maize it is total of 35% of grain crops. Adding faba grains, tobacco alfalfa and 
fodder maize 65% of field crops. Some of these crops are not irrigated (wheat, barley 
sometimes tobacco) but we will consider all crops in the cropping pattern as irrigated crops. 
It is in order to be able to calculate real needs for water in the region. There are possibilities 
that future climate will transfer some of the presently non irrigated crops in irrigated, due to 
increased crop water requirement and decreased rainfalls. Total of 23 692 ha are considered 
in our cropping pattern. 

The CRW is calculated for the crops represented in the cropping pattern. Data are presented 
in table 31. 
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Table 31.Crop Water requirements for crops represented in the cropping pattern for 
Strumica region in mm base case and climate change cases 

  CWR 

Crop ha BASE 
CC 

2025 
CC 

2050 
CC 

2075 
CC 

2100 

Wheat 3945 464.0 477.9 489.0 501.9 516.8 

Barley 1152 409.1 421.1 430.7 441.8 455.3 

Maize 3130 553.1 572.5 587.5 608.7 622.6 

Tobacco 3625 370.7 383.4 393.3 401.6 416.5 

Potatoes 861 548.1 566.4 580.6 600.5 613.3 

Onion 137 442.1 456.6 467.9 483.5 493.4 

Faba Grains (Bean, Peas, Lentil) 886 454.0 469.7 481.9 499.6 510.7 

Cabbage 916 575.4 595.0 610.2 631.0 644.8 

Tomatoes 1241 618.5 639.9 656.4 679.4 694.5 

Peppers 1854 668.6 691.8 709.8 734.8 751.2 

Cucumber 550 591.2 611.8 627.9 650.3 666.1 

Melons and Water Melons 1169 537.5 562.5 582.0 602.0 615.0 

Alfalfa 2460 804.5 831.0 851.6 879.1 900.2 

Fodder Maize 363 456.6 472.9 485.5 503.9 515.7 

Meadows 1063 765.9 791.4 811.3 837.7 860.5 

Vineyards 147 567.7 586.0 600.2 619.2 634.3 

Orchards 193 809.3 835.9 856.5 884.3 904.9 
 

As predicted, CWR is increasing with time and increase from base case in all cc cases. This 
increase is not very high. Percentage of increase from the base case is presented in Table 
32. 
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Table 32.Increasing of Crop Water requirements for crops represented in the cropping 
pattern for Strumica region in percentage from base case and climate change cases 

  CWR 

Crop ha BASE CC 2025 CC 2050 CC 2075 CC 2100 

Wheat 3945 100.0 103.0 105.4 108.2 111.4 

Barley 1152 100.0 102.9 105.3 108.0 111.3 

Maize 3130 100.0 103.5 106.2 110.1 112.6 

Tobacco 3625 100.0 103.4 106.1 108.3 112.4 

Potatoes 861 100.0 103.3 105.9 109.6 111.9 

Onion 137 100.0 103.3 105.8 109.4 111.6 

Faba Grains (Bean, Peas, Lentil) 886 100.0 103.5 106.1 110.0 112.5 

Cabbage 916 100.0 103.4 106.0 109.7 112.1 

Tomatoes 1241 100.0 103.5 106.1 109.8 112.3 

Peppers 1854 100.0 103.5 106.2 109.9 112.4 

Cucumber 550 100.0 103.5 106.2 110.0 112.7 

Melons and Water Melons 1169 100.0 104.7 108.3 112.0 114.4 

Alfalfa 2460 100.0 103.3 105.9 109.3 111.9 

Fodder Maize 363 100.0 103.6 106.3 110.4 112.9 

Meadows 1063 100.0 103.3 105.9 109.4 112.4 

Vineyards 147 100.0 103.2 105.7 109.1 111.7 

Orchards 193 100.0 103.3 105.8 109.3 111.8 
 

The increase of cropping pattern is only result of increased ETo (increased temperature). 
Not any other effect is considered to influence CWR. Crop coefficients are used same in 
base and climate change case and not any adaptation was applied. 

The increase is from 3-5% in year 2025 to 11-14% in 2100 year. 

These crop water requirements is further used to calculate Irrigation water requirement 
(IWR) 

 

6.2.4. Irrigation water requirement in base case and in CC cases 

The crop irrigation water requirement (IWR) refers to the irrigation need of each crop and 
is calculated as a difference between crop water requirement and effective rainfalls: 

 

IWR = ETc - effective rainfall 

 

In order to calculate the irrigation water requirements it is necessary to estimate the effective 
rainfalls in the program area. Unfortunately, not many data about the effective rainfalls for 
the whole program area have been available. Therefore, it has been decided to apply well-
recognized method for determination of effective rainfalls. The choice was USDA Soil 
Conservation Service (USDA SCS) method. Usually there are comments that using of this 
method a very high amount of rain is considered as efficient one. Also using a method that 
predict high values as an efficient rainfalls is good when calculate climate change cases, 
because as rain will decrease efficiency should increase, even by application some 
techniques for that. 
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The USDA SCS method calculates effective rainfalls based on monthly rainfall sum as 
follow: 

for Pmonth<= 250 mm:  

Peff = Pmonth * (125 - 0.2 * Pmonth) / 125 

 

for Pmonth> 250 mm: 

Peff = 125 + 0.1 * Pmonth 

 

The effective rainfalls calculated according method of USDA Soil Conservation Service are 
shown in Table 33. 

 

Table 33.Effective rainfalls for Demir Kapija based on USDA SCS method 

 Eff rain mm 

Crop BASE CC 2025 CC 2050 CC 2075 CC 2100 

January 45.7 44.4 43.1 43.1 42.3 

February 43.5 42.3 41.1 41.1 40.2 

March 44.5 42.9 41.2 38.7 37.4 

April 43.0 41.4 39.9 37.4 36.2 

May 50.9 49.1 47.2 44.4 43.0 

June 37.0 31.4 27.1 19.2 15.0 

July 30.9 26.2 22.6 15.9 12.4 

August 20.1 17.0 14.6 10.2 8.0 

September 30.1 29.6 27.5 25.7 24.4 

October 43.0 42.2 39.4 36.9 34.9 

November 56.3 55.3 51.8 48.7 46.1 

December 59.7 58.1 56.5 56.5 55.4 

Total 504.7 479.8 451.9 417.9 395.4 

Percentage (base 100%) 100.0 95.1 89.5 82.8 78.3 
 

Effective rainfalls decrease by 5% in year 2025 11% in 2050, 17% in 2075 and 22% in year 
2100.  

Irrigation water requirements (IWR) were also calculated with CROPWAT. They are 
computed as the difference between crop water requirements and the effective rainfalls in 
the reference period. The results for the irrigation water requirement for Pepeliste project 
area are shown in Table34. 
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Table 34. IWR per crops in the cropping pattern in mm per unit area 

  IWR 

Crop ha BASE CC 2025 CC 2050 CC 2075 CC 2100 

Wheat 3945 246.8 268.9 288 313.2 330.7 

Barley 1152 202.1 220.5 236.6 260.1 274.2 

Maize 3130 417.7 451.3 477.6 519.7 544.2 

Tobacco 3625 248.5 276.0 297.5 316.4 352.7 

Potatoes 861 387.4 421.3 447.9 490.2 514.4 

Onion 137 262.1 289.2 310.7 345.5 365.6 

Faba Grains (Bean, Peas, Lentil) 886 327.2 355.7 377.7 414.4 436.1 

Cabbage 916 388.8 425.2 454.9 500.5 527.2 

Tomatoes 1241 455.8 493.3 523.3 569.7 597.0 

Peppers 1854 520.9 559.7 590.5 638.1 666.3 

Cucumber 550 443.4 479.7 508.5 553.7 580.2 

Melons and Water Melons 1169 364.2 416.0 443.6 487.2 512.3 

Alfalfa 2460 489.1 530.0 566.5 620.5 650.0 

Fodder Maize 363 342.3 376.4 399.3 438.0 460.2 

Meadows 1063 441.8 481.7 516.0 567.2 596.8 

Vineyards 147 286.5 318.5 346.2 388.7 412.9 

Orchards 193 522.9 564.1 598.9 650.3 680.0 
 

As predicted in climate change cases IWR increases. The level of increase is much higher 
than in case of CWR because of decreased effective rainfalls.  

The percentage of increase of irrigation water requirement in relation to base case is 
presented in following table. 
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Table 35. Changes in IWR as result of climate change in percentage from the base case for 
crops in the cropping pattern per unit area 

  IWR 

Crop ha BASE CC 2025 CC 2050 CC 2075 CC 2100 

Wheat 3945 100 109.0 116.7 126.9 134.0 

Barley 1152 100 109.1 117.1 128.7 135.7 

Maize 3130 100 108.0 114.3 124.4 130.3 

Tobacco 3625 100 111.1 119.7 127.3 141.9 

Potatoes 861 100 108.8 115.6 126.5 132.8 

Onion 137 100 110.3 118.5 131.8 139.5 

Faba Grains (Bean, Peas, Lentil) 886 100 108.7 115.4 126.7 133.3 

Cabbage 916 100 109.4 117.0 128.7 135.6 

Tomatoes 1241 100 108.2 114.8 125.0 131.0 

Peppers 1854 100 107.4 113.4 122.5 127.9 

Cucumber 550 100 108.2 114.7 124.9 130.9 

Melons and Water Melons 1169 100 114.2 121.8 133.8 140.7 

Alfalfa 2460 100 108.4 115.8 126.9 132.9 

Fodder Maize 363 100 110.0 116.7 128.0 134.4 

Meadows 1063 100 109.0 116.8 128.4 135.1 

Vineyards 147 100 111.2 120.8 135.7 144.1 

Orchards 193 100 107.9 114.5 124.4 130.0 
 

The Irrigation water requirement changes in higher level from about 10% in year 2025 up to 
more than 40% for some crops in year 2100. 

Finally we will present IWR for each of the cases for whole cropping pattern in Strumica in 
m3. This will clearly show increased requirement of the water for irrigation. 
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Table 36. IWR for Strumica area for 23 692 ha in m3 base and CC cases 

  IWR 

Crop ha BASE CC 2025 CC 2050 CC 2075 CC 2100 

Wheat 3945 9736260 10608105 11361600 12355740 13046115 

Barley 1152 2328192 2540160 2725632 2996352 3158784 

Maize 3130 13074010 14125690 14948880 16266610 17033460 

Tobacco 3625 9008125 10005000 10784375 11469500 12785375 

Potatoes 861 3335514 3627393 3856419 4220622 4428984 

Onion 137 359077 396204 425659 473335 500872 

Faba Grains (Bean, Peas, Lentil) 886 2898992 3151502 3346422 3671584 3863846 

Cabbage 916 3561408 3894832 4166884 4584580 4829152 

Tomatoes 1241 5656478 6121853 6494153 7069977 7408770 

Peppers 1854 9657486 10376838 10947870 11830374 12353202 

Cucumber 550 2438700 2638350 2796750 3045350 3191100 

Melons and Water Melons 1169 4257498 4863040 5185684 5695368 5988787 

Alfalfa 2460 12031860 13038000 13935900 15264300 15990000 

Fodder Maize 363 1242549 1366332 1449459 1589940 1670526 

Meadows 1063 4696334 5120471 5485080 6029336 6343984 

Vineyards 147 421155 468195 508914 571389 606963 

Orchards 193 1009197 1088713 1155877 1255079 1312400 

Total 23692 85712835 93430678 99575558 108389436 114512320 

%  100 109.0 116.2 126.5 133.6 
 

The total amount of water required for irrigation of 23692 ha in Strumica, based on 
presented cropping pattern is about 85 million m3 in base case. It increase for 9% in year 
2025, 16% in year 2050, 26.5% in year 2075 and for 33.6% in year 2100 when reach the 
maximal value of almost 115 million m3. 

 

7. Economic analyzes 
Within the Third National Communication on Climate Change particular focus is put on 
carrying out an integrated cross-sectored assessment of vulnerability and adaptation, 
especially relations between the water resources/agriculture/health and disaster risk 
reduction (DRR) sectors in the South-Eastern planning region. BioMA model was introduced 
as a new and innovative approach for bio-physical modeling in the agriculture sector. 
Baseline and modeling scenarios (with/without adaptation measures) were developed using 
BioMA on national level but also specific scenarios for the South-Eastern region were 
generated. However, next step was to upgrade these analyses by carrying out an 
assessment of economic feasibility of these scenarios which would give additional value to 
the vulnerability assessment in the agriculture sector and should further facilitate the 
prioritization of the proposed measures. Furthermore, the specific objectives were to: 1) 
assess the economic feasibility of the baseline and developed modeling scenarios 
(with/without adaptation measures) using BioMA on national level and proposed specific 
scenarios for the South-Eastern region up to year 2050; 2) prepare a cost-benefit analysis 
on the proposed measures for reducing the negative impacts and adaptation to climate 
change; 3) assess the economic feasibility to upgrade and/or invest in implementation of the 
scenarios and proposed measures; 4) access the break-even point and sustainability of the 
proposed scenarios, finding the point of balance between the costs and benefits and return 
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of investment; 5) prepare a report summarizing main findings of the economic feasibility of 
the measures in the agriculture sector including recommendation on economically most 
viable measures. 

 

7.1. Methodology and approach  
The assessment of economic feasibility of proposed climate change modeling scenarios in 
the agriculture sector was performed with the Cost-Benefit, Economic Feasibility of the 
Investment and Break-Even analyses. The results from these analyses were used for 
extrapolation of the modeling scenarios effects on the national level. 

 

7.1.1. Methodology for Cost-Benefit Analysis 

The cost-benefit analysis assesses extra costs and benefits from proposed scenarios. The 
calculation was performed on the basis of the partial budgeting of the scenario. The partial 
budgeting considers extra costs and income that alter as a result of the proposed change in 
agro-management scenarios in line with the baseline scenario (baseline scenario is the 
scenario which corresponds with traditional crop management or so call SC 0). 

In the analysis, the extra costs are generated due to additional costs from proposed agro-
technical measures or reduced income.  

Extra costs generated as result of proposed scenarios are: 

• Additional fuel spend for soil plough on extra 1 cm depth; 

• Reduced yield as result of loss fraction; 

• Additional irrigation water; 

• Depreciation of the investment assets (dam and irrigation system); 

• Yearly maintenance of the investment assets. 

The extra income is generated as result of reduced costs or increased income (yield).  Extra 
income generated as result of proposed scenarios is: additional yield (income from sold 
yield) compared with the baseline scenario. 

Based on the extra costs and income, the extra gross margin is calculated for all proposed 
scenarios. The gross margin is calculated per one hectare and per year. The cost-benefit 
analysis is done based on several presumptions. The first presumption is that farmers 
already have the irrigation skims and no additional investment is demanded. Second 
presumption is that farmers have to invest in irrigation system and the last presumption is 
that farmers even need to invest in water supply system (dam, reservoir or well). 

Hypothesis 1. The water collecting systems (dam/reservoir) and irrigation systems exist: The 
hypothesis presumes that farmers already have irrigation skims and access to water. The 
extra costs will be generated only from additional costs for planting depth, loss fraction and 
extra irrigation water used (Annex 1. Methodology and Assessment Normative).  

Hypothesis 2. The water collecting systems (dam/reservoir) exists and irrigation systems 
must to be invested: The hypothesis presumes that farmers have access to water, but lack 
the irrigation skims which have to be invested. Besides the costs in the Hypothesis 1, 
additionally costs will be generated from yearly depreciation and maintenance of irrigation 
systems (Annex 1. Methodology and Assessment Normative for more details for prices and 
normative). 

Hypothesis 3. The water collecting systems (dam/reservoir) and irrigation systems do not 
exist and must to be invested: The hypothesis presumes that farmers do not have access to 
water and must to invest in water collecting and irrigation system construction. 
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Besides the costs in the Hypothesis 2, additional costs will be generated from yearly 
depreciation and maintenance of water collecting system (The dam capacity is based on the 
scenario irrigation volume).  

 

7.1.2. Methodology for Economic Feasibility to Invest 

The economic feasibility of the investment and proposed scenarios was assessed based on 
the: Net Present Value (NPV), Internal Rate of Return (IRR) and Payback Period (PP).  

 

Net Present Value of the different scenarios is calculated based on the future value of the 
yearly cash flows discounted at the present time. The NPV is the calculation of the money 
value, taking in the consideration the time. Actually, the NPV calculates the present value of 
the money from the future period, taking in the consideration time and inflation. 

 

PV� =
(ER − TC)

(1 + i)�
 

where:  

n – period (year) 

i – interest rate (discount factor) 

PV – present (discounted) value 

 

NPV = PV1 + PV2 + .. + PVn 

 

NPV – Net Present Value in the analysis following values were used: 

n = 10 years for the period of 2015 to 2025 

n = 35 years for the period of 2015 to 2050 

i = 6% 

 

Internal Rate of Return (IRR) is indicator for the investment efficiency and represents the 
interest rate of the investment. The IRR is the interest rate for which the NPE value is zero 
value (0). The investment is acceptable when IRR is higher than the minimum acceptable 
interest or cost of capital. 

Payback Period (PP) is the period of time for which the investment will return. It is calculated 
based on the cash flows. The payback period is the year when the result of the cumulative 
cash flows has positive value.  

 

7.1.3. Methodology for Break-Even 

The break-even analysis was performed for each hypothesis, scenario and period. At the 
break-even point the total costs are equal to total revenues. The break-even analysis should 
give the minimum value for different indicators in order to achieve economic feasibility. The 
break-even analysis was performed for the selling price of the crops, yields quantity, water 
prices and investment value. To some extent, the break-even analysis can be perceived as 
risk analysis tool and vulnerability assessment of the proposed scenarios. 
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7.1.4. Methodology for Extrapolation 

The calculated results per 1 hectare are extrapolated on the national level (entire country) 
based on the statistical data for the production area and yield of wheat, maize and 
sunflower.  

The extrapolation was done by a simple multiplication of the scenario effects with the 
average harvested area. The average figures presented in Table 4 were used for 
multiplication. The only purpose of the extrapolation is to create tentative perception of the 
scenario effects on the national level. The extrapolation was done by simple multiplication of 
the effects and harvested area. The presented findings can give some rough direction, 
having in mind that the climate change effects will differ by regions. It is highly recommended 
to perform crops regional assessment, applying same approach and scenarios model 
evaluation. Based on the regional model scenarios assessment results and regional crop 
area the extrapolation can be performed more exactly. Also, the experts can take in 
consideration the regional specific and update the regional statistic with realistic information 
about the irrigated area, access to water, investment alternative/needs and etc. 

Table 1. Crop harvested area (in hectare) 

2007 2008 2009 2010 2011 2012 Average 
Wheat 90800 85454 88151 79865 76545 79745 83427 
Maize 30859 31013 32466 28623 29369 29180 30252 
Sunflower 3505 4647 4138 4029 5688 3752 4293 

Source: State Statistical Office of Republic of Macedonia 
 

7.2. Results 
 

7.2.1. Cost-benefit analyses 

In general the effects of the proposed agro-management practices gain higher results 
compared with the traditional production practices in SC 0. Presented results refer to the 
worse case Hypothesis 3, which presumes that the farmers must to invest in water collecting 
and irrigation system. This is the most probable case, having in mind the low irrigation of the 
cereals (only 20% of areas) and low level of irrigation equipment possess (only 30% of all 
farmers). According Statistical Office of Republic of Macedonia, around 70% of farmers have 
access to water (Annex 5. Agriculture irrigation). Still, it is highly probable that farmers in the 
future will face water deficit. In order to satisfy the water need and to ensure timely and 
quality irrigations, the investment in water collection systems will be necessary. The only 
exception is the sunflower scenarios for the period from year 2025 to 2050.  

Wheat cost-benefit analyses: The wheat cost-benefit analyses were performed on the 5 
proposed scenarios. All scenarios have additional costs for extra plough depth and use 
same irrigation type. Only differences are irrigation volume and yields. 
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Table 37. Wheat scenarios main assumption and indicators 
  SC 0 SC 1 SC 2 SC 3 SC 4 SC 5 
PLANTING 

      Planting depth [m] 0.03 0.04 0.04 0.04 0.04 0.04 
Fuel for extra  0.01 m [l/ha] 0 1.2 1.2 1.2 1.2 1.2 

HARVESTING 
      Yield loss fraction [%] 0 0.1 0.1 0.1 0.1 0.1 

Lost fraction 2025 [kg] 0 2.97 2.83 3.12 3.97 3.70 
Lost fraction 2050 [kg] 0 2.81 2.68 3.44 3.97 4.46 

IRRIGATION 

Irrigation type 
NO 

IRRIGATION SPRINKLER SPRINKLER SPRINKLER SPRINKLER SPRINKLER 

Irrigation volume [mm] 0 60 80 60 60 60 
Max. number of irrigations 0 2 1 2 2 on 20 day 
Irrigation volume [m3/ha] 0 1200 800 1200 1200 1800 

       YIELDS 
      Yields difference 2025 [kg] -679 270 135 417 1275 1002 

Yields difference 2050 [kg] -823 256 128 881 1418 1901 

Scenario 4 gains highest result in the period from 2015 to 2025. Implementing the proposed 
agro-management practices from this scenario will result with yearly profit of EUR 127.86 
per hectare (Annex 3. Cost-benefit calculations). 

Table 38. Wheat yearly cost-benefit results (period from 2015 to 2025 in EUR/ha) 

SC 0 SC 1 SC 2 SC 3 SC 4 SC 5 
Total extra costs  0.00 161.30 143.09 161.33 161.54 188.74 
Extra revenue  -161.82  64.30 32.15 99.28 303.60 238.64 
Profit before taxes -161.82  -97.00  -110.94  -62.05  142.06 49.90 
Taxes 2.43  1.45  1.66  0.93  14.21 4.99 

Profit/loss  -164.25 -98.45  -112.60  -62.99 127.86 44.91 
In the period from 2025 to 2050 scenario 5 resulted with highest profit of EUR 237.52. In this 
period scenario 4 still gains profit but the profit from this scenario is 1.5 lower compared with 
scenario 5. 

Table 39. Wheat yearly cost-benefit results (period from 2025 to 2050 in EUR/ha) 

SC 0 SC 1 SC 2 SC 3 SC 4 SC 5 
Total extra costs  0.00 161.26 143.05 161.41 161.54 188.92 
Extra revenue  -196.04 60.88 30.44 209.91 337.82 452.83 
Profit before taxes -196.04 -100.38 -112.61 48.50 176.28 263.91 
Taxes 2.94 1.51 1.69 4.85 17.63 26.39 

Profit/loss  -198.98 -101.88 -114.30 43.65 158.65 237.52 
 

Maize cost-benefit analyses: The maize cost-benefit analyses were performed on the 9 

proposed scenarios. Compared with the wheat, the extra costs for plowing depth are not part 

of any scenario.  

The main impacts on the scenarios economic effects have the irrigation type cost for 
irrigation volume and yields.  
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Table 40. Maize scenarios main assumption and indicators 
  SC 0 SC 1 SC 2 SC 3 SC 4 SC 5 SC 6 SC 7 SC 8 SC 9 

PLANTING                     
Planting depth [m] 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 
Fuel for extra  0.01 m [l/ha] 0 0 0 0 0 0 0 0 0 0 

HARVESTING                     
Yield loss fraction [%] 0 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 
Lost fraction 2025 [kg] 0 6.43 6.24 4.52 5.98 6.13 5.45 4.47 5.38 4.17 
Lost fraction 2050 [kg] 0 4.12 4.00 3.71 4.06 4.04 3.94 3.67 3.98 3.43 

IRRIGATION                     
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Irrigation volume [mm] 0 60 60 80 30 60 60 80 30 30 
Max. number of irrigations 0 5 4 2 13 5 4 2 on 14 d on 14 d 
Irrigation volume [m3/ha] 0 3000 2400 1600 3900 3000 2400 1600 1392 1392 

YIELDS 
      

    
Yields difference 2025 [kg] -1929 3027 2834 1112 2569 2728 2042 1063 1974 761 
Yields difference 2050 [kg] -2477 1262 1138 852 1203 1180 1079 812 1125 572 

Scenario 1 gains highest result in the period from 2015 to 2025. Implementing the proposed 
agro-management practices from this scenario will result with yearly profit of EUR 534.54 
per hectare (Annex 3. Cost-benefit calculations).  

Table 41. Maize yearly cost-benefit results (period from 2015 to 2025 in EUR/ha) 

 
SC 0  SC 1  SC 2  SC 3  SC 4  SC 5  SC 6  SC 7  SC 8  SC 9  

Total extra costs  0.00 242.85 215.53 178.70 457.12 608.03 580.57 543.95 169.52 534.45 

Extra revenue  -533.11 836.78 783.42 307.34 710.14 754.02 564.52 293.91 545.76 210.30 
Profit before taxes -533.11 593.93 567.89 128.64 253.02 145.99 -16.06 -250.04 376.23 -324.15 
Taxes 8.00 59.39 56.79 12.86 25.30 14.60 0.24 3.75 37.62 4.86 

Profit/loss  -541.10 534.54 511.10 115.78 227.71 131.39 -16.30 -253.79 338.61 -329.01 

In the period from 2025 to 2050 scenario 8 resulted with highest profit of EUR 127.67. 
Scenario 1 still gains profit but the profit from this scenario is 1.3 lower compared with 
scenario 8. 

Table 42. Maize yearly cost-benefit results (period from 2025 to 2050 in EUR/ha) 

 
SC 0  SC 1  SC 2  SC 3  SC 4  SC 5  SC 6  SC 7  SC 8  SC 9  

Total extra 
costs  

0.00 242.21 214.91 178.48 456.60 607.45 580.16 543.73 169.14 534.25 

Extra revenue  -684.66 348.87 314.69 235.61 332.41 326.09 298.25 224.58 310.99 158.24 
Profit before 
taxes 

-684.66 106.66 99.78 57.14 -124.19 -281.36 -281.90 -319.14 141.85 -376.00 

Taxes 10.27 10.67 9.98 5.71 1.86 4.22 4.23 4.79 14.19 5.64 

Profit/loss  -684.66 95.99 89.81 51.42 -126.05 -285.59 -286.13 -323.93 127.67 -381.64 

 

Sunflower cost-benefit analyses: The sonflower cost-benefit analyses were performed on the 
8 proposed scenarios. All scenarios have additional costs for extra plowing depth. The main 
difference between scenarios economic effects is result of the different irrigation type and 
volume and yields achieved.  
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Table 43. Sunflower scenarios main assumption and indicators 
  SC 0 SC 1 SC 2 SC 3 SC 4 SC 5 SC 6 SC 7 SC 8 SC 9 
PLANTING                     
Planting depth [m] 0.04 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 
Fuel for extra  0.01 m [l/ha] 0 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 0 
HARVESTING                     
Yield loss fraction [%] 0 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 
Lost fraction 2025 [kg] 0 2.11 2.07 1.84 1.99 2.00 1.77 1.76 2.04 4.17 
Lost fraction 2050 [kg] 0 1.17 1.15 1.13 1.17 1.16 1.13 1.13 1.13 3.43 
IRRIGATION                     
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Irrigation volume [mm] 0 50 50 70 15 50 50 70 50 30 
Max. number of irrigations 0 4 3 2 12 4 3 2 on 20 d on 14 d 
Irrigation volume [m3/ha] 0 2000 1500 1400 1800 2000 1500 1400 1500 1392 

YIELDS     
Yields difference 2025 [kg] -542 951 910 680 829 837 610 599 874 761 
Yields difference 2050 [kg] -737 204 181 167 199 191 167 165 161 572 

Scenario 2 gains highest result in the period from 2015 to 2025. Implementing the proposed 
agro-management practices from this scenario will result with yearly profit of EUR 241.95 
per hectare (Annex 3. Cost-benefit calculations).  

Table 44. Sunflower yearly cost-benefit results (period from 2015 to 2025 in EUR/ha) 

 
SC 0  SC 1  SC 2  SC 3  SC 4  SC 5  SC 6  SC 7  SC 8  SC 9  

Total extra 
costs  0.00 197.98 175.24 170.58 362.33 563.18 540.35 535.80 175.22 0.00 

Extra 
revenue  -264.53 463.69 444.06 331.83 404.59 408.28 297.35 292.34 426.40 -264.53 
Profit before 
taxes -264.53 265.71 268.83 161.25 42.26 -154.91 -243.00 -243.46 251.18 -264.53 
Taxes 3.97 26.57 26.88 16.13 4.23 2.32 3.65 3.65 25.12 3.97 

Profit/loss  -268.50 239.14 241.95 145.13 38.04 -157.23 -246.65 -247.11 226.07 -268.50 
In the period from 2025 to 2050 scenario SC 5 shows even more negative results compared 
with the SC 0. The remaining sunflower scenarios for this period have higher results 
compared with the SC 0. Still all of the results are negative and cause losses. Scenario 2 is 
the most acceptable solution with lowest losses from all scenarios of EUR -87.57. 

Table 2. Sunflower yearly cost-benefit results (period from 2025 to 2050 in EUR/ha) 

 
SC 0  SC 1  SC 2  SC 3  SC 4  SC 5  SC 6  SC 7  SC 8  SC 9  

Total extra 
costs  0.00 197.52 174.79 170.23 361.93 562.77 540.04 535.49 174.78 0.00 

Extra 
revenue  -364.78 99.39 88.51 81.44 97.21 93.41 81.44 80.35 78.72 -364.78 
Profit before 
taxes -364.78 -98.13 -86.27 -88.79 -264.71 -469.37 -458.60 -455.14 -96.05 -364.78 
Taxes 5.39 1.47 1.29 1.33 3.97 7.04 6.88 6.83 1.44 5.39 

Profit/loss  -364.78 -99.60 -87.57 -90.12 -268.68 -476.41 -465.48 -461.97 -97.49 -364.78 

 



89 
 

7.2.2. Economic Feasibility to Invest 

All proposed scenarios (except one) show positive economic results in case when no 
investment is needed.  Within every crop 2 up to 4 scenarios exist which are sustainable and 
justify the investment in irrigation system. The limitations of the proposed scenario are 
evident if the farmers must to invest in the water collection systems (dam/reservoir). In this 
case only one wheat scenario is economically feasible and there is no feasible scenario 
within sunflower scenarios. The maize is the crop with most economically feasible scenarios. 
In three maize scenarios investment in water collection system does not have negative 
impact and the gained benefits of the scenario can cover the costs of the investments. 

Economic Feasibility without investment In case when farmers do not invest in water 
collection and irrigation system all proposed scenarios (except SC 2 for wheat) show positive 
results and the NPV is positive. In the case of wheat SC 5 shows highest NPV with EUR 
3549. The scenario SC1 in the case of maize has highest NPV with EUR 6268 and in case 
of sunflower SC2 is the scenario with highest NPV of EUR 2717 (Annex 4. Economic 
feasibility calculations). 

 

Table 46. Economic feasibility of proposed scenarios without investment 

Wheat  

  SC 0 SC 1 SC 2 SC 3 SC 4 SC 5 
    

PP  
          

NPV -2629 172 -54 1360 3533 3549 
    

IRR  
          

Maize  

  SC 0 SC 1 SC 2 SC 3 SC 4 SC 5 SC 6 SC 7 SC 8 SC 9 

PP  
          

NPV -8943 6268 5988 2721 4886 5574 4434 2561 4883 1683 
IRR  

          
Sunflower  

  SC 0 SC 1 SC 2 SC 3 SC 4 SC 5 SC 6 SC 7 SC 8 
 

PP  
          

NPV -4580 2673 2717 1978 2366 2268 1701 1710 2538 
 

IRR  
          

 

Economic Feasibility to invest in irrigation system: In case when farmers have to invest in 
water irrigation system SC 4 is the best scenario within wheat scenarios SC1 in case of 
maize and SC2 in case of sunflower. 
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Table 3. Economic feasibility to invest in irrigation system  

Wheat  

  SC 0 SC 1 SC 2 SC 3 SC 4 SC 5 
    

PP  
   

23.00 8.00 12.00 
    

NPV -2629 -1969 -2203 -685 1524 1539 
    

IRR  
   

2.76% 13.08% 11.49% 
    

Maize 

  SC 0 SC 1 SC 2 SC 3 SC 4 SC 5 SC 6 SC 7 SC 8 SC 9 

PP  
 

3.00 3.00 9.00 33.00 
   

4.00 

NPV -8943 4259 3979 711 -3250 -9704 -10789 -12828 2874 
-
13787 

IRR  
 

38.30% 36.32% 10.40% -0.23% 
   

24.59%

Sunflower 

  SC 0 SC 1 SC 2 SC 3 SC 4 SC 5 SC 6 SC 7 SC 8 
 

PP  
 

5.00 5.00 8.00 
    

6.00 
 

NPV -4580 600 654 -88 -5886 -13279 -13769 -13758 466 
 

IRR  
 

15.01% 15.01% 3.25% 
    

13.29%
 

 

The investments in sprinklers in wheat production will payback for 8 years with the benefits 
from SC 4. At the same time this scenario has highest NPV (EUR 1524) and IRR (13.08%). 
The scenario SC5 is also economically acceptable as the payback period is shorter than the 
economical period of sprinklers usage the NPV is positive and IRR is higher than the 6% 
discount factor. In case of SC 1; 2 and 3 the results are negative. Still the losses in these 
scenarios are lower than the losses from traditional production practices in SC 0. 

In the case of maize the SC 1 has the best results with 3 years payback period NPV of EUR 
4259 and IRR of 38.30%. The scenarios SC 2 3 and 8 are economically feasible and 
justified. It can be noticed that investment should not be made in SC 5 6 7 and 9 as the 
results from these scenarios are worse and losses are higher than results from in SC 0. In 
SC 4 results are negative but better than SC 0. 

The SC 2 is the best scenario within sunflower proposed scenarios with payback period of 5 
years, NPV of EUR 654 and IRR of 15.01%. The SC 1 performs almost identically with SC 2, 
with only modest difference in NPV which is lower only for EUR 54. The SC 8 is 
economically accepted. Scenarios SC 4, 5, 6 and 7 are not acceptable as the results are 
more negative than SC 0. The SC 3 shows negative results, but lower losses than SC 0. 

Economic Feasibility to invest in water collecting and irrigation system: In case when farmers 
have to invest in water collecting and irrigation system SC 4 is the economically feasible 
scenario for wheat with payback period of 15 years NPV of EUR 158 and IRR 6.42%. 
Scenarios SC 1 2 and 3 are not acceptable at all. 

The SC 2 is the best scenario for maize with payback period of 8 years NPV of EUR 1509 
and IRR of 6.42%. Scenario SC 1 and 8 in case of maize are also acceptable for investment. 
Scenarios SC 5 6 7 and 9 are not acceptable at all. 

In case of the sunflower there is no economically feasible scenario for investment in water 
collecting and irrigation system. Scenarios SC 4 5 6 and 7 are not acceptable at all. 
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Table 4. Economic feasibility to invest in water collecting and irrigation system  

Wheat 

  SC 0 SC 1 SC 2 SC 3 SC 4 SC 5 
    

PP  
    

15.00 18.00 
    

NPV -2629 -3367 -3234 -2067 158 -378 
    

IRR  
    

6.42% 5.30% 
    

Maize 

  SC 0 SC 1 SC 2 SC 3 SC 4 SC 5 SC 6 SC 7 SC 8 SC 9 

PP  
 

8.00 8.00 24.00 
    

8.00 
 

NPV -8943 1237 1509 -1022 -7117 -12743 -13281 -14587 1331 -15355 

IRR  
 

8.92% 10.23% 3.19% 
    

10.32% 
 

Sunflower 

  SC 0 SC 1 SC 2 SC 3 SC 4 SC 5 SC 6 SC 7 SC 8 
 

PP  
          

NPV -4580 -1518 -1004 -1654 -7819 -15414 -15435 -15332 -1192 
 

IRR  
 

-0.21% 0.66% 
     

-0.52% 
 

 

7.2.3. Break-even analysis 

The break-even analyses are performed for all scenarios in order to determine certain 
number of indicators minimum or maximum values for economic feasibility of the scenario. 
The break-even analyses were performed in order to find the minimum selling prices of the 
yields maximum price of irrigation water yields lost and maximum value of the investments in 
water collecting and irrigation system. 

Wheat break-even analysis: The SC 4 is economically feasible scenario. Still the scenario is 
highly sensitive to the income variation. The SC 4 can tolerate decrease of EUR 0.01 from 
the calculated EUR 0.24 selling price. With price of EUR 0.23 per kilogram wheat the 
scenario SC 4 is still economically feasible. This is the lowest selling price from all scenarios. 
The SC 5 needs to reach selling price of EUR 0.26 in order to achieve economic feasibility. 
While this is highly plausible the selling prices for economic feasibility of SC 1 2 and 3 (EUR 
1.19 2.06 and 0.045) are not realistic.   

The SC 4 scenario can afford the maximum price for the irrigation water to be EUR 0.045 
per cubic meter or 29% higher price than the price used in assessment. The maximum price 
of water in scenario SC 5 is EUR 0.016. The SC 1 2 and 3 cannot achieve economically 
feasibility even if the irrigation water is provided free of charge.  

It can be noticed that the SC 4 is highly vulnerable to yield lost. The scenario can afford 
maximum yields loss of 4% or in average 1.3 years to lost yields.  

As economically feasible scenario SC 4 can afford the investment in water collecting (EUR 
1270) and irrigation system (EUR 1600). Scenario SC 5 is on the edge of sustainability and 
needs minor subsidies for the investment in the water collecting system. The scenario can 
be economically feasible if the maximum investment is up to EUR 1464 which is only EUR 
10 lower than the investment value of EUR 1474 used in scenarios assessment. Scenario 
SC 3 can be sustainable if there is no investment in water collecting system and maximum 
investment in the irrigation system to be amounted at EUR 320.  

Scenario SC 1 and 2 can achieve economically feasibility only through increase of selling 
price. 
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Table 49. Wheat scenarios break-even indicators 

SC 1 SC 2 SC 3 SC 4 SC 5 

Lowest Selling Prices  1.190 2.060 0.480 0.230 0.260 

Highest Water Prices  
   

0.045 0.016 

Max years with yields lost 
   

1.30 
 

Minimum yields  
   

96% 
 

Max Investment  DAM  
   

max 1464 

Max Investment  SYSTEM 
  

320 max 
 

 

Maize break-even analysis: The SC 1 2 and 8 are economically feasible scenarios. The 
scenarios are not highly sensitive to the income variation. The lowest selling price of EUR 
0.22 is within SC 2 and 8. This is 21% lower price than the price used in scenario 
assessment. The lowest selling price of EUR 0.36 in SC 3 is highly plausible. Selling prices 
for economic feasibility of SC 4; 5; 6; 7 and 9 are not realistic and it is not possible to 
achieve sustainability through increase of selling price.  

The SC 8 is scenario which can afford the highest price for the irrigation water with 
maximum value of EUR 0.108 per cubic meter. This is a 3 times higher price than the 
average price used for the scenario assessment. The maximum price of water in scenario 
SC 1 is EUR 0.067 and for SC 2 is EUR 0.083.  

The scenario SC 8 can affords maximum yields loss of 27% or in average 9.5 years to lost 
yields. SC 2 can afford loss of 26% or 9 years and SC 1 19% or 6.8 years. 

As economically feasible scenarios SC 1 2 and 8 can afford the investment. The scenario 
SC 3 can be economically feasible if the maximum investment in the water collecting system 
is EUR 513 or only 30% from the value to be paid. Scenario SC 4; 5; 6; 7 and 9 can be 
sustainable if the investment in water collecting system is not performed and maximum value 
of investment in irrigation system is aimed at EUR 808 170 140 80 and 60 respectively.  

Scenario SC 1 and 2 can achieve economic feasibility only through increase of selling price. 

Table 50. Maize scenarios break-even indicators 

 
SC 1 SC 2 SC 3 SC 4 SC 5 SC 6 SC 7 SC 8 SC 9 

Lowest Selling Prices  0.240 0.220 0.360 0.570 0.770 0.920 1.450 0.220 2.000 

Highest Water Prices  0.067 0.083 
     

0.108 
 

Max years with yields 
lost 

6.80 8.97 
     

9.47 
 

Max yields reduction 81% 74% 
     

73% 
 

Max Investment  
DAM  

max max 513 
    

max 
 

Max Investment  
SYSTEM 

max max 
 

808 170 140 80 max 60 

 

Sunflower break-even analysis: The sunflower has several scenarios with potential to 
become economically feasible. The SC 2 is most promising one. In order to become 
sustainable the increase of selling price from EUR 0.49 to EUR 0.63 is needed.  

Additionally the sustainability can be reached by reduction of investment in water collecting 
system from EUR 1587 to only EUR 427. Scenario SC 1 and SC 8 also have the potential to 
become sustainable if the selling price increases or the investment in water collecting 
system is not demanded or minimal (EUR 366 and EUR 207).  

In case of SC 3 and 4 the investment can be feasible if the investment in water collecting 
system is not required and investment in water irrigation system is subsidized. 
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Table 51. Sunflower scenarios break-even indicators 

 
SC 1 SC 2 SC 3 SC 4 SC 5 SC 6 SC 7 SC 8 

Lowest Selling Prices  0.690 0.630 0.780 1.620 2.700 3.440 3.470 0.660 

Highest Water Prices  
        

Max years with yields lost 
        

Max yields reduction 
        

Max Investment  DAM  366 427 
     

207 

Max Investment  SYSTEM 
  

670 258 
    

 

7.2.4. Extrapolation 

The extrapolation should give tentative perception of the scenario effects on the national 
level. The extrapolation was done by simple multiplication of the effects and harvested area. 

If we apply scenario SC 5 on national level and total wheat production area it is expected to 
achieve on yearly basis an average of 137150 t additional yields compared with the SC 0. 
The yield difference of 137150 t represents more than half (55%) of the average yearly 
national production of wheat. Thus means that this scenario not only that isn’t reducing 
yields for 65 thousand tones as it is in case with the SC 0 but produces extra 62000 t. The 
SC 1 is the best scenario for the maize with average yield difference compared with SC 0 of 
53436 tones which is 42% of the total national maize production. In case of sunflower also 
the best scenario is SC 1 with yield difference of 1791 tones or around 30% of the national 
production.  

Still to achieve the production in the best scenarios there is a demand of higher water 
quantities. In case of wheat in order to achieve 137150 t additional yields in SC 5 the water 
needs on national level will be around 150 million m3. This is the highest water need from all 
scenarios. The situation is same with sunflower where the highest yields are in relation with 
the highest water needs. In order to achieve highest yields in SC 1 water needs are 8.6 
million m3. In maize case the highest yields are not fully in relation with the highest water 
demand. The highest water demand is in SC 4 valuate at 118 million m3. Still even that water 
demand of 90.8 million m3 in SC 1 is not at the highest level the quantity is twice as higher 
as the water demand in SC 3; 7; 8 and 9. 

The highest yield does not necessarily mean highest financial result. In wheat case the 
highest financial result is with SC 4 with average yearly financial result of extra EUR 380000. 
The highest yield scenario (SC 5) does not gain positive results. In case of the maize and 
sunflower the best financial results are in SC 2 which are not the highest yield scenario but 
are acceptably close to the yields in SC 1. Still the negative results in sunflower SC 2 
scenario emphasize the need of subsidizing the production.  
Subsidy of the proposed scenarios can be done based on the compensation of the 
difference between market prices and minimum economically feasible prices of scenarios 
subsidy for investment in water collecting systems and subsidies for irrigation system. Before 
targeting the highest yields in wheat scenario SC 5 it is necessary to ensure economic 
feasibility of this scenario. In order to achieve the sustainability of the SC 5 the subsidies of 
EUR 36.71 million should be provided for investment in water collecting system on national 
levels. The sunflower scenarios SC 1 and 2 can easily become sustainable with subsides of 
EUR 7.51 million and EUR 4.98 million. 
The extra generate profit will imply extra taxes to be paid. In total the wheat scenario SC 5 
will gain extra taxes of EUR 18.78 million the maize SC 1 will make additional EUR 15.53 
million and sunflower SC 1 additional EUR 0.84 million paid in the government budget. 
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Table 52. Extrapolation of scenario results on national level 

Average yearly difference in yields (in tones) 

 SC 0 SC 1 SC 2 SC 3 SC 4 SC 5 SC 6 SC 7 SC 8 SC 9 

Wheat -65232 21665 10832 62446 114887 137159     

Maize -70190 53436 49096 28028 48190 49068 40966 26746 41376 18946 

Sunflower -2924 1791 1673 1346 1629 1614 1260 1240 1567  

Additional yearly water needs (million m3) 

 SC 0 SC 1 SC 2 SC 3 SC 4 SC 5 SC 6 SC 7 SC 8 SC 9 

Wheat  100.1 66.7 100.1 100.1 150.2     

Maize  90.8 72.6 48.4 118.0 90.8 72.6 48.4 42.1 42.1 

Sunflower  8.6 6.4 6.0 7.7 8.6 6.4 6.0 6.4  

Average yearly financial result (NPV in million EUR) 

 SC 0 SC 1 SC 2 SC 3 SC 4 SC 5 SC 6 SC 7 SC 8 SC 9 

Wheat -6.27 -8.03 -7.71 -4.93 0.38 -0.90     

Maize -7.73 1.07 1.30 -0.88 -6.15 -11.01 -11.48 -12.61 1.15 -13.27 

Sunflower -0.56 -0.19 -0.12 -0.20 -0.96 -1.89 -1.89 -1.88 -0.15  

Subsidies needed for water collecting system (million EUR) 

 SC 0 SC 1 SC 2 SC 3 SC 4 SC 5 SC 6 SC 7 SC 8 SC 9 

Wheat  105.95 70.91 105.95  36.71     

Maize    35.70 124.94 96.20 76.84 51.43  44.77 

Sunflower  7.51 4.98 6.40 8.24 9.10 6.83 6.40 5.92  

Additional taxes on extra profit (million EUR) 

 SC 0 SC 1 SC 2 SC 3 SC 4 SC 5 SC 6 SC 7 SC 8 SC 9 

Wheat    2.89 19.22 18.78     

Maize  15.53 14.80 4.10 5.63 3.25   11.44 11.44 

Sunflower  0.84 0.85 0.51 0.13    0.79 0.79 

 

7.3. Conclusions and Recommendation 
In the first analysis period, from 2015 to 2025, the proposed scenarios can easily 
counterbalance the negative climate change effects. The positive scenario results are 
dominantly gained in this period. In the second period from 2025 to 2050, the scenarios 
modestly respond to climate change challenges. Most of the scenarios in this period show 

negative financial results. It will be wise to take into consideration the potential to combine 

different scenarios. In the period up to 2025 to apply scenario that shows best respond to 
the climate change effects and in the second period from 2025 to 2050 to apply other 
scenario. Also, additional scenarios can be developed and tested specifically for the period 

2025 to 2050. It is necessary to develop efficient M&E system for regular evidence and 
analysis of results obtain from scenarios implementation in practice compared with model 
based results. The M&E system will give a better overview of the results and create 

possibility for timely reaction and fine tune of the scenarios.  
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2015 to 2025 2025 to 2050 

  

 

Figure 38. Hypothesis 3. Cost-benefit profit results (in EUR) 

Maize scenarios have best respond to the climate change effects. The NPV and PP are 
highest within maize scenarios. While wheat has few good scenarios, the sunflower does not 
have any. 

NPV PP 

  

 

Figure 39. Hypothesis 3. Best scenarios Economic Feasibility to Invest (in EUR) 

All scenarios contribute towards increasing of yields compared with the baseline scenario 
and diminution of negative impacts of climate change. Compared with the baseline scenario, 
the proposed scenarios can significantly contribute towards food security. Still, it is obvious 
that high yield scenarios are at the same time high water demanded scenarios. This requires 
serious approach in intensive planning of water resources, water balance and inter-sectors 
water relation. It is highly recommended to replicate this approach (scenarios modeling and 
evaluation) on all regions in the country. It is expected that this approach is going to be 
replicated at least in the main cereals regions, if it is not fully applicable on the national level. 
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Figure 40. Scenarios impact on yearly yields and water demand 

Certain national support program should be developed for the wheat and sunflower in order 
to achieve economic feasibility. Support can be provided in form of yields price subsides or 
subsidies for investment in water collecting and irrigation systems. From the Figure 4, it can 
be noticed that part of the subsidies needed for water collecting systems in some scenarios 
(wheat SC 5 which recommends planting depth of 4 cm and irrigation with sprinklers on 
every 20 days with volume of 60 mm per irrigation, maize SC 3 irrigated 5 times with 60 mm 
per irrigation by furrow) can be easily returned by the extra taxes paid on the additional yield 
achieved with the implementation of the scenarios.    

Subsidies on water collecting systems  Taxes  

  

 

Figure 41. Scenarios impact on taxes and subsidies required (in million EUR) 

It is evident that close inter-sectorial and institutional cooperation is demanded for 
successfully implementation of scenarios and minimize the negative climate change impact 

 

7.3.1. Wheat 

The recommended scenario is SC 4, which recommends extra planting dept on 4 cm instead 
of 3 cm and 2 times sprinklers irrigation with 60 mm of volume per irrigation. In case when 
farmers have to invest in water collecting and irrigation system, SC 4 is the economically 
feasible scenario for wheat, whit payback period of 15 years, NPV of EUR 158 and IRR 
6.42%. If it is implemented widely on the national level it should gain additional yield of 
114,887 t compared with the traditional SC 0, which is one third of the estimated 300,000 t 
national consumption need for wheat. Thus means that this scenario not only that isn’t 
reducing yields for 65 thousand tones as it is in case with the SC 0, but produces extra 50 
thousand tones. This extra wheat production wills compensate the need for import of wheat 
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in Republic of Macedonia (the average import of wheat in Republic of Macedonia for the 
period of 2008 to 2011 is 51,248 tones. This is only the import of grain. In this period, 30,190 
tons of flour was imported in the country. Anyhow, this scenario has serious national 
contribution towards decrease of the wheat import dependency). 

The SC 4 ensures additional EUR 19.20 million paid in the government budget. 

Anyhow, the implementation of this scenario on national level will demand extra 100 million 
m3 water. Still, the scenario is highly sensitive to the yield reduction and even small reduction 
of 4% or 1 year lost yield can jeopardize the economical sustainability of the model. 

The scenario SC 5 which recommends planting depth of 4 cm and irrigation with sprinklers 
on every 20 days in period of 60 days with volume of 60 mm per irrigation can be taken into 
consideration if the target is to achieve highest extra yields (137,150 t additional yields 
compared with SC 0). Still this scenario has highest water demand and produces negative 
financial results. The scenario can be economically feasible if subsidies are provided on the 
selling price or investment in water collecting system. 

Still, as SC 4 and 5 scenarios have same type of irrigation system, it is possible to combine 
them. The only limitation is that construction of the water collection system should be done 
based on the larger water demand scenario SC 5. In the period of 2015 up to 2025 the 
farmers should apply agro-management practices from SC 4. After 2025 the SC 5 can be 
used. Both scenarios combined gain higher NPV valued at EUR 214 and can achieve yield 
of 143,660 t, if implemented on the national level, or almost half of the consumption needs. 

 

7.3.2. Maize 

The SC 2 which recommends 4 times sprinkler irrigation with irrigation volume of 60 mm, is 
the best scenario for maize with payback period of 8 years, NPV of EUR 1,509 and IRR of 
10.23%. If it is implemented widely on the national level it should gain extra 49,096 t yield 
compared with the SC 0. This extra yield is almost half (48%) of the total national production 
(average yearly production of maize for the period 2007 to 2012 is 128,468 tons) or more 
than the imported 47,681 tons maize in 2010. This extra yield can compensate only part 
(70%) of the maize yield lost in the traditional scenario as result of climate change. The SC 2 
has 30% less yield compare with the present national average yield. It is necessary to 
develop and introduce additional measures to this scenario in order to keep the present 
yields level and to manage to gain yield beyond this extra 49,096 t, in order to satisfy the 
deficit of 21,094 t (at present, the SC 2 scenario performs with 2,000 t higher yields (average 
yield 7,228 t/ha) compared with the traditional technology scenario (5,336 t/ha).  In the 
period up to 2025, the yields will decline for 1,000 t and the scenario will have only 1,000 
t/ha higher yields compared with the present average yields). Still, this is the scenario with 
lowest yield reduction, compared with all other scenarios. 

This scenario generates additional EUR 14.80 million paid in the government budget. 
Anyhow, the implementation of this scenario on national level will demand extra 100 million 
m3 water. The scenario can bear yield reduction of 26% or 9 year lost yield can jeopardize 
the economical sustainability of the model. 

Scenario SC 1 (5 times sprinkler irrigation with irrigation volume of 60 mm) and SC 8 
(sprinkler irrigation on every 14 day in period of 65 days with irrigation volume of 30 mm) in 
case of maize are also acceptable for investment. Scenario SC 1 implemented on the 
national level shows better results with additional yield of 53,436 t and additional taxes of 
EUR 15.53 million. Still, to implement this scenario on national level requires additional 18.2 
million m3 water compared with the SC 2. 
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7.3.3. Sunflower 

The sunflower needs to be subsidized in order to achieve the economic feasibility. The 
sunflower has several scenarios with potential to become economically feasible. The most 
promising scenario is SC 2, which recommends extra planting depth on 5 cm instead of 4 cm 
and 3 times sprinklers irrigation with 50 mm of volume per irrigation. In order to become 
sustainable, the increase of selling price from EUR 0.49 to EUR 0.63 is needed. The 
minimum (break-even) price for scenario economical sustainability can be achieved with 
additional EUR 0.14 subsidies on the selling price. This scenario will gain extra yield of 1,673 
t, if it is implemented widely on national level. This extra yield presents almost 30% of the 
national production of sunflower. Still, if consider that the national need for sunflower is 
around 25,000 t and almost 90% are secured from import, we can conclude that the 
contribution of this extra yield is minor to the reduction of the import dependency.  

This scenario can be sustainable only if famers invest maximum EUR 427 in water collecting 
system. The difference (EUR 1,160) between the maximum investment that farmers can 
afford and full construction value of investment in water collecting system (EUR 1,587) must 
to be subsidized. Scenario SC 1 (extra planting depth on 5 cm instead of 4 cm and 4 times 
sprinklers irrigation with 50 mm of volume per irrigation) and SC 8 (extra planting depth on 5 
cm instead of 4 cm and sprinklers irrigation on 20 days in period of 60 days with 50 mm of 
volume per irrigation) also have the potential to become sustainable if the selling price 
increases or the investment in water collecting system is not demanded or minimal (EUR 
366 and EUR 207).  

 

8. Organic farming-possible way towards increasing resilience 
of agriculture to negative impacts of CC 

Global changes and trends are challenging the ability of developing countries to feed 
themselves. A number of countries including Republic of Macedonia are organizing their 
economies around a competitive export-oriented agricultural sector, based mainly on 
monocultures. The intensive agriculture brings a variety of economic, environmental, and 
social problems, including negative impacts on ecosystem integrity, food quality, and in 
many cases disruption of traditional rural livelihoods, while accelerating in datedness among 
thousands of farmers. 

Such reshaping is occurring in the midst of a changing climate is expected to have large and 
far-reaching effects on crop productivity predominantly in tropical and arid zones of the 
developing world. Hazards include increased flooding in low-lying areas, greater frequency 
and severity of droughts in semiarid areas, and excessive heat conditions, all of which can 
limit agricultural productivity. 

It is predicted that there will be 9 billion people in the world by 2050, which will require a 
massive increase in food production, of 70–100%, to feed them all. There are assumptions 
that many more people in countries in the South will shift their diet to more intensively 
produced meat, dairy products, sugar and vegetable oils, following the shift in eating habits 
that has already occurred in countries in the North. This process might have serious impact 
on mitigating climate change. Greenhouse gasses emission from the intensive livestock 
production will be more intensive, in order to feed the increased animal sector, an significant 
rice od cereals production would be expected, which will lead to conversion of natural 
habitats into productive agricultural land. Increasing of methane production from the 
increased number of animals and nitrous oxide from the application of mineral fertilizers to 
grow fodder crops.  

The natural resource base upon which agriculture depends, soils, water and biodiversity, is 
being degraded and lost. Supplies of fossil fuels used to make inputs, and minerals such as 
phosphate, will become increasingly scarce. This lead to a conclusion that a more efficient 
agriculture farming systems is needed. 
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There are lot of evidences confirming that the organic farming systems are more energy, 
nutrient and water efficient that the conventional systems of agricultural production; “nutrient 
inputs of nitrogen, phosphate and potassium in the organic systems to be 34-51% lower than 
in non-organic systems, whereas average crop yields were only 20% lower over a period of 
21 years (Mader et al. 2002)”.  

Most of the agriculture production in Republic of Macedonia is rain-feed agriculture. Enough 
water for irrigation is a limiting factor which emphasizes the importance of water use 
efficiency. Introduction of more efficient rain-feed agricultural systems e.g. organic farming in 
an increasing weather extremes caused by climate change is a critical issue. 

Organic farming system use water more efficiently due to better soil structure and higher 
levels of humus and other organic matter compounds. The more porous structure of 
organically treated soil allows rainwater to quickly penetrate the soil, resulting in less water 
loss from run-off and higher levels of water capture. By planting of cover crops and 
intermediate crops, the soils in organic farming is more protected from direct sun radiation, 
which have an positive on transpiration, better conservation of soil moisture and decreasing 
of soil erosion. 

Organic farming systems are more resilient to the predicted weather extremes and can 
produce higher yields than conventional farming systems in such conditions.  

In the same time organic farming is protecting the ground water through optimization of 
fertilization, restriction of use of mineral fertilizers and quantities of nitrogen. It is estimated 
that the quantities of leached nitrogen into the ground water from the organic farming is lees 
for about 40-60% in comparison with conventional agriculture. 

Having in mind all above mentioned facts and trends, in the past decade a lot attention has 

been made in supporting of organic farming in Republic of Macedonia. The trend of 

increasing of total area under organic farming is obvious and is mainly due to the sound 

financial support by the Ministry of Agriculture, Forestry and Water Economy (MAFWE), 

through subsidies and increased interest of foreign markets for healthy food. It should be 

noted that there is a lack of systematic approach in control of soil and water conditions used 

for organic farming, neither a constant monitoring of the positive or negative influence of 

organic farming on natural conditions field crops covers more than one half of the total areas 

under organic farming. 

Table 53 Areas under organic farming in the period 2005-2012 (MAFWE) 

Year Total certifies productive land/ha No. of farmers 

2005 266 50 

2006 509.42 102 

2007 714.47 150 

2008 1029.00 226 

2009 1373.83 321 

2010 5228.00 562 

2011 6580.92 780 

2012 4663.08 576 

Table 54 Areas under different types of crops (MAFWE) 

Crop type Transitional Organic Total/ha 

Field crops 1345.12 899.24 2244.36 

Fodder crops 435.87 552.13 988.00 

Industrial 17.34 15.19 32.53 
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Oil crops 86.33 73.42 159.75 

Fruits 424.12 78.78 502.9 

Vineyards 80.27 46.50 126.77 

Vegetables 111.52 46.16 157.68 

Fallow 282.04 113.93 395.97 

Uncultivated land 34.41 20.71 55.12 

 

Table 55 Trend of organic farming by type of production in the period 2010-2012 (MAFWE) 

Crop production 

 Year 2010 Year 2011 Year 2012 

Crop type Trans. Organic Total  Trans. Organic Total  Trans. Organic Total  

Filed crop 2723.7 276.1 2999.8 3292.4 378.0 3670.4 1345.12 899.24 2244.36 

Fodder  848.9 145.7 994.6 724.5 260.8 985.2 435.87 552.13 988.00 

Industrial 32.1 / 32.1 32.7 4.9 37.6 17.34 15.19 32.53 

Oil crops 40.7 6.7 47.4 149.9 9.3 159.2 86.33 73.42 159.75 

Fruits 165.9 168.3 334.2 764.3 206.9 971.1 424.12 78.78 502.9 

Vineyards 223.6 20.7 244.3 11.1 29.7 40.7 80.27 46.50 126.77 

Vegetables 164.2 35.7 199.9 192.7 70.5 263.2 111.52 46.16 157.68 

Fallow 306.4 66.3 372.7 406.2 47.2 453.4 316.5 134.6 451.1 

Livestock production 

Animal  Trans. Organic Total  Trans. Organic Total  Trans. Organic Total  

Cattle  2522 37 2559 3810 1411 5221 712 1981 2693 

Sheep 92523 6275 98798 63670 50234 113904 28160 45551 73711 

Goats  2470 578 3048 2084 3049 5133 412 2605 3017 

From the data presented (Table 55) an significant increase in almost all types of agricultural 
production can be noted in 2011 compared with 2010. In 2012 in some of the sectors e.g. 
field crop production, fruit production and vegetables a dramatic decrease of areas is 
obvious but there is no official explanation of this negative trend. 

 

9. Climate change and food security 
Climate change may affect food systems in several ways ranging from direct effects on crop 
production (e.g. changes in rainfall leading to drought or flooding, or warmer or cooler 
temperatures leading to changes in the length of growing season), to changes in markets, 
food prices and supply chain infrastructure. The study performed in this document is 
considering the vulnerability assessment of climate change impact on agriculture production 
in the south-eastern region of the country. However, findings are solid ground for predicting 
trends in food production primarily rain fed crops. Furthermore, committed economic 
analysis in different scenarios considering different options with opportunities and constrains 
are giving more lights on rain fed potential of national food production and hence on 
domestic food security.  

The dynamic interactions between and within the agro – ecology and anthropological action 
lead to the production, processing, distribution, preparation and consumption of food, 
resulting in food systems that influenced on food security. Food systems integrate food 
availability (production, distribution and exchange), food access (affordability, allocation and 
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preference) and food utilization (nutritional and societal values and safety), so that food 
security is, therefore, diminished when food systems are stressed. Such stresses may be 
induced by a range of factors in addition to climate change and/or other agents of 
environmental change) and may be particularly severe when these factors act in 
combination. Urbanization and globalization are causing rapid changes to food systems, 
leading towards different perspective on food production chain.  

However, it is expected that the performed analysis can give a ground to make general 
conclusion on national level for country’s export/import balance for food, it is difficult to make 
particular projection and trends in some crops and their demands. Nevertheless, experts 
estimate that global agricultural production could be maintained relative to expected baseline 
levels over the next 25-50 years with moderate climate change (below average 2.5°C 
warming). However, regional effects would vary widely, and some regions may experience 
reduced output even if they take measures to adapt. This conclusion takes into account the 
beneficial effects of CO2 fertilization but no other possible effects of climate change, 
including changes in agricultural pests and soils. In addition to water balance, the latest two 
factors (e.g. pests and soil) will be major key factors that will limitation for maintenance of the 
national food production, and hence can easily jeopardizing national food security.  

Low-income agricultural production systems will be more vulnerable to reductions in food 
production because they have: strong linkages between agricultural production and incomes; 
high dependence on native diversity and limited capacity to adapt or respond to changes. 
Therefore, these systems are more likely to experience a significant increase in food 
insecurity as a consequence of climate change, which may affect: the physical availability of 
food production, and shifts in temperature and rainfall. 

The impact of climate change on quantity of production is considered in this document, but 
other indirect effects of climate change on pests and food safety one should also not 
neglected. Particularly plant pests and diseases, due to rapid change in temperature and 
events of heavy rains that can easily even overcome the absorption water capacity of soil 
will develop environment for rapid microbial infections that can cause food poisoning and 
multiplication of pathogenic microorganisms in food. These microorganisms activity is 
strongly dependent on temperature and moisture. Crop protection against diseases will 
resolve in wide use of chemicals that at will affect profitability of the production. Moreover, 
additional costs comprise specific management for prevention (from the field to storage), 
sampling, mitigation, analysis and research. Cereal grains are among the most frequently 
contaminated commodities. The impact of bio-toxins is largely dependent on climatic 
conditions, crop systems, cultural practices and post- harvest management of grain, fodder 
and foodstuff, but the largest impact is probably related to the first aspect. Additionally molds 
and their products – bio-toxins can remain in the cereals after harvesting and their traces 
can often be found in end products (e.g. wheat, milk, cheese). Management of myco-toxins 
requires a complex approach for preventing fungus development and mitigating the effect of 
toxins in livestock and human. Advances in crop production and post-harvest management 
allow farmers, breeders and processors to reduce the probability of unacceptable myco-toxin 
levels.  

Such circumstances will lead towards use of varieties and species that have high tolerance 
in rapid weather change and unfavorable occasions and higher diseases resistance. Those 
varieties and species will become predominant and will jeopardize agro-diversity. Perhaps, 
since it has been recognized that genetic engineering has the potential to help increase 
production and productivity in agriculture. It could lead to higher yields on unfavorable 
climate conditions and resistant to specific pests. Furthermore, the small countries as 
Republic of Macedonia is can hardly resist on use of such crops if production of local variety 
crop seed as part of the adaptation measure to climate change is not in place. However, one 
should be also aware of the concern about the potential risks posed by certain aspects of 
GMOs, such as effects on human and animal health. Caution must be exercised in order to 
reduce the risks of transferring toxins from one life form to another, of creating new toxins or 
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of transferring allergenic compounds from one species to another, which could result in 
unexpected allergic reactions. In addition, those organisms, due to their highly resistance, 
are often invasive over landraces, that directly influence on diversity of genetic resources. 
Hence, use of GMOs, calls for a cautious case-by-case approach to address legitimate 
concerns for the biosafety of each product or process prior to its release. The possible 
effects on food safety need to be evaluated, and the extent to which the benefits of the 
product or process outweigh its risks assessed. The evaluation process should also take into 
consideration experience gained by national regulatory authorities in clearing such products. 
Careful monitoring of the post-release effects of these products and processes is also 
essential to ensure their continued safety to human beings. 

Climate change will affect all four dimensions of food security, namely food availability 
(production/trade), access to food, stability of food supplies, and food utilization. The 
importance of the various dimensions and the overall impact of climate change on food 
security will differ over time and most importantly, will depend on the overall socio-economic 
status of a country. Essentially all assessments show that climate change will adversely 
affect food security. However, it is likely that differences in socio-economic development 
paths will also be the crucial determinant for food utilization in the long run and that they will 
be decisive for the ability to cope with problems of food instability, be they climate-related or 
caused by other factors. Finally, how strong the impacts of climate change will be felt over all 
decades will crucially depend on the future policy environment. It is important that, given that 
Republic of Macedonia is small country, resources which can mobilize through mitigation 
support efforts to reduce the resilience of country’s agriculture. This requires an integrated 
and focused framework which allows policy makers, researchers and implementers to 
develop appropriate tools and program to facilitate farmers but as well local levels of 
government to adapt to climate change. 
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11. Annexes 
Annex 1. Methodology and Assessment Normative  
Hypothesis 1. The water collecting systems (dam/reservoir) and irrigation systems exist 
The hypothesis presumes that farmers already have irrigation skims and access to water. 
The extra costs will be generated only from additional costs for planting dept loss fraction 
and extra irrigation water used.   
Main assumption and indicators for scenarios cost-benefit analyses per year per hectare 
used in Hypothesis 1 

 
SC 0 SC 1 SC 2 ….. SC 8 SC 9 

Extra costs for 
planting depth 
(PD) 

Hypothesis: Extra costs will be generated as result from extra fuel spend for extra 1 
cm plough (EF) 
Hypothesis: Extra fuel spend per one hectare will be constant per years and will 
not variance as result of the climate change and weather/soil conditions  
Hypothesis: Fuel price will be constant per years and will not variance as result of 
the energy resources exhaust (PF) 
 
PD = EF (liters) x PF (EUR/liter)  
 
F = 1.2 liters/hectare 
PF = 1.1 EUR/liter 

Extra costs for 
loss fraction (LF) 

Hypothesis: Extra costs is the value of lost fraction (LF) from the yield (Y) 
Hypothesis: Selling price of yield (PY) is constant 
 
LF = Y (kg) x LF (%) : 100 x PY (eur/kg) 

Extra costs for 
irrigation (I) 

Hypothesis: Extra costs will be generated as result from extra used irrigation water 
(IW) 
Hypothesis: Water price will be constant per years and will not variance as result of 
the climate change and increased water demand 
 
I = IW (m

3
/ha) x PW (EUR/m

3
) 

 
PW = 2.14 MKD/m

3
 or 0.035 EUR/ m

3 
 

Total extra costs 
(TC) 

Sum of all extra costs as result of proposed scenario measures  
 
TC = PD + LF + I  

Extra income (EI)  

Hypothesis: Extra revenues are generated as result of the yield difference in 
compare with the basic scenario  
Hypothesis: The selling price of yield is constants and will not rise as result of 
climate change effects on production decreased yield and deficit of food  
 
EI = [Y (SC n) - Y(SC 0)] x PY (EUR/kg) 
 
PY (wheat) = 14.65 MKD/kg or 0.24 EUR/kg 
PY (maize) = 17 MKD/kg or 0.28 EUR/kg 
PY (sunflower) = 30 MKD/kg or 0.49 EUR/kg 

Extra gross 
margin (EGM) 

Difference between the extra revenue and extra costs 
 
EGM = EI - TC 

Profit (P) 

The profit will be calculated after the deduction of the profit tax (PT)  
 
P = EGM – EGM * PT  
 
PT = 10% (if EGM is positive) 
PT = 1.5% (if EGM is negative) 
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Hypothesis 2. The water collecting systems (dam/reservoir) exists and irrigation systems 
must to be invested 
The hypothesis presumes that farmers have access to water but lack the irrigation skims 
which have to be invested. Besides the costs in the Hypothesis 1 additionally costs will be 
generated from yearly depreciation and maintenance of irrigation systems. 
Main assumption and indicators for scenarios cost-benefit analyses including irrigation 
system investment per year per hectare used in Hypothesis 2  

Irrigation system 
investment (ISI) 

Hypothesis: Present investment value of the different irrigation systems (Sprinkler 
Drip Irrigation Border Irrigation Furrow) per 1 ha 
 
Sprinkler = 800 EUR/ha 
Drip Irrigation = 1518 EUR/ha 
Border Irrigation = 450 EUR/ha 
Furrow = 450 EUR/ha  

Economical 
period of usage 
(EP) 

Sprinkler = 17.5 years 
Drip Irrigation = 8 years 
Border Irrigation = 1 year 
Furrow = 1 year 

Irrigation system 
Depreciation (ID) 

Investment divided by the economical period 
 
ID = ISI (EUR) : EP (years) 

Irrigation system 
Maintains (IM) 

Hypothesis: Costs for yearly maintains of the system  
 
Sprinkler = 39.02 EUR/ha 
Drip Irrigation = 6854 EUR/ha 
Border Irrigation = 0 EUR/ha 
Furrow = 0 EUR/ha 

Irrigation system 
costs per year 
(ISC) 

ISC = ID + IM 

Profit before 
taxation (PbT) 

Hypothesis: Irrigation system costs will be deducted from the Extra Gross Margin in 
Hypothesis 1 
 
PbT = EGM - ISC 
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Hypothesis 3. The water collecting systems (dam/reservoir) and irrigation systems do not 
exist and must to be invested 
The hypothesis presumes that farmers do not have access to water and must invest in water 
collecting and irrigation system construction.  
Besides the costs in the Hypothesis 2 additional costs will be generated from yearly 
depreciation and maintenance of water collecting system (The dam capacity is based on the 
scenario irrigation volume). 
Main assumption and indicators for scenarios cost-benefit analyses including irrigation and 
water collecting system investments per year per hectare used in Hypothesis 3 

Dam investment (DI) 

Hypothesis: Present investment value of the dam is product of the 
dam capacity (DC) and unite price (UP) 
 
DI = DC  (m

3
) x UP (EUR/m

3
) 

 
UP = 1.06 EUR/m

3
 

Economical period of usage (EP) Dam = 100 years 

Dam Depreciation D(D) 
Investment value of dam divided by the economical period 
 
DD = DI (EUR) : EP (years) 

Dam Maintains (DM) 
Hypothesis: costs for yearly maintains of the dam 
 
DM = 20 EUR 

Dam costs per year (DC) DC = DD + DM 

Total costs 

Hypothesis: dam costs will be added to the irrigation costs in the 
Hypothesis 2 
 
I = IW + ISC + DC 
TC = PD + LF + I 
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Assessment normative 
Expert estimation for fuel spend for extra plough depth of 1 cm 
F = 1.2 liters/hectare 
Official selling price of the fuel (http://www.makpetrol.com.mk/index_en.asp) 
PF = 1.1 EUR/liter  
Combination of official and expert observation for the water price 
http://www.alfa.mk/News.aspx?id=56430#.UcggGE38L4Y 
http://www.vecer.com.mk/%5C?ItemID=B80181FF0A468C4883747D033881181D 
http://www.idividi.com.mk/vesti/makedonija/377752/ 
http://www.novamakedonija.com.mk/NewsDetal.asp?vest=121911927384&id=10&setIzdanie=22459 
http://www.tera.mk/aktuel/voda-od-strezhevo-za-zemjodelcite-od-novaci 
http://vodostopanstvotikves.com/cenovnik  

 

 
Price 

(MKD/ha) 
Irrigation normative (m3) 

Average 
irrigation (m3) 

Average price 
(MKD/m3) 

Wheat 6300 from 2000 to 2500 2250 2.80 
Corn 7200 from 4000 to 4500 4250 1.69 
Sunflower 6300 from 3000 to 3500 3250 1.94 

Average price (MKD/m3) 
 

  2.14 
 
PW = 2.14 MKD/m3 or 0.035 EUR/ m3  
 
Combination of official Agricultural Market Information System of Ministry of Agriculture 
Forestry and Water Economy and expert observation for the corps selling prices 
(http://www.zpis.gov.mk/index.php?lang=en)  
 
PY (wheat) = 14.65 MKD/kg or 0.24 EUR/kg  
PY (maize) = 17 MKD/kg or 0.28 EUR/kg 
PY (sunflower) = 30 MKD/kg or 0.49 EUR/kg 
 
Combination of information from demonstration trials and expert observation for the irrigation 
system investment economical period and maintains costs 
 
Sprinkler (based on expert estimation) 
Price = 800 EUR/ha  
Maintains = 39.02 EUR/ha (2 workers 1 day per worker MKD 1200 per day) 
Economic period = 17.5 years (from 15 to 20 years) 
 
Drip Irrigation (based on the USAID demonstration trial Grow more corn) 
Price = 1518 EUR/ha 
Maintains = 6854 EUR/ha (3 working days small parts EUR 10) 
Economic period = 8 years 
 
Border Irrigation and Furrow = 450 EUR/ha (estimated based on the labor demanded to 
construct) 
 
Water collecting system (dam/reservoir) 
UP = 1.06 EUR/m3 (http://my.ewb-usa.org/theme/library/myewb-usa/project-
resources/technical/book4water_from_small_damspdf.pdf)  
DM = 20 EUR (based on estimation) 
Economic period = 100 years (based on estimation) 
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Annex 2. Summary results 
 
Cost-benefit results 

2015 to 2025 2025 to 2050 

  

 
Hypothesis 1. Cost-benefit profit results 

 

2015 to 2025 2025 to 2050 

  

 
Hypothesis 2. Cost-benefit profit results 
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Hypothesis 3. Cost-benefit profit results 
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Economic feasibility 
 
Hypothesis 1. Best scenarios Economic Feasibility to Invest 

NPV PP 
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Annex 3. Cost-benefit calculations 

 

Hypothesis 1. Wheat cost-benefit analysis up to 2025 (All hypothesis calculations are 
presented only for the wheat ) 

  SC 0 SC 1 SC 2 SC 3 SC 4 SC 5 
Cost 1 cm plough per 1 ha 1.32 1.32 1.32 1.32 1.32 
Extra costs for loss fraction 0.71 0.68 0.74 0.95 0.88 
Maintains dam  0.00 0.00 0.00 0.00 0.00 
Maintains irrigation system  0.00 0.00 0.00 0.00 0.00 
Costs for irrigation water   41.84 27.89 41.84 41.84 62.76 
Total extra costs  0.00 43.87 29.89 43.90 44.10 64.96 
Extra revenue  -161.82 64.30 32.15 99.28 303.60 238.64 
Extra gross margin  -161.82 20.44 2.26 55.38 259.50 173.68 
Depreciation dam  0.00 12.70 8.46 12.70 12.70 19.04 
Depreciation irrigation system  0.00 0.00 0.00 0.00 0.00 0.00 
Profit before taxes -161.82 7.74 -6.20 42.68 246.80 154.64 
Taxes 2.43 0.77 0.09 4.27 24.68 15.46 
Profit -164.25 6.97 -6.29 38.42 222.12 139.18 
 

Wheat cost-benefit analysis up to 2050 

  SC 0 SC 1 SC 2 SC 3 SC 4 SC 5 
Extra costs for 0.01 m per 1 ha 1.32 1.32 1.32 1.32 1.32 
Extra costs for loss fraction 0.67 0.64 0.82 0.95 1.06 
Maintains dam per year  0.00 0.00 0.00 0.00 0.00 
Maintains irrigation system per year  0.00 0.00 0.00 0.00 0.00 
Extra costs for irrigation water   41.84 27.89 41.84 41.84 62.76 
Total extra costs  0.00 43.83 29.85 43.98 44.10 65.14 
Extra revenue  -196.04 60.88 30.44 209.91 337.82 452.83 
Extra gross margin  -196.04 17.06 0.59 165.94 293.71 387.70 
Depreciation dam per year  0.00 12.70 8.46 12.70 12.70 19.04 
Depreciation irrigation system per year  0.00 0.00 0.00 0.00 0.00 0.00 
Profit before taxes -196.04 4.36 -7.87 153.24 281.02 368.65 
Taxes 2.94 0.44 0.12 15.32 28.10 36.87 
Profit -198.98 3.92 -7.99 137.92 252.92 331.79 
  
Hypothesis 2. Wheat cost-benefit analysis up to 2025 

  SC 0 SC 1 SC 2 SC 3 SC 4 SC 5 
Cost 1 cm plough per 1 ha 1.32 1.32 1.32 1.32 1.32 
Extra costs for loss fraction 0.71 0.68 0.74 0.95 0.88 
Maintains dam  0.00 0.00 0.00 0.00 0.00 
Maintains irrigation system  39.02 39.02 39.02 39.02 39.02 
Costs for irrigation water   41.84 27.89 41.84 41.84 62.76 
Total extra costs  0.00 82.89 68.91 82.92 83.13 103.98 
Extra revenue  -161.82 64.30 32.15 99.28 303.60 238.64 
Extra gross margin  -161.82 -18.59 -36.76 16.36 220.47 134.66 
Depreciation dam  0.00 12.70 8.46 12.70 12.70 19.04 
Depreciation irrigation system  0.00 45.71 45.71 45.71 45.71 45.71 
Profit before taxes -161.82 -77.00 -90.94 -42.05 162.06 69.90 
Taxes 2.43 1.15 1.36 0.63 16.21 6.99 
Profit -164.25 -78.15 -92.30 -42.69 145.86 62.91 
 

Wheat cost-benefit analysis up to 2050 
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  SC 0 SC 1 SC 2 SC 3 SC 4 SC 5 
Extra costs for 0.01 m per 1 ha 1.32 1.32 1.32 1.32 1.32 
Extra costs for loss fraction 0.67 0.64 0.82 0.95 1.06 
Maintains dam per year  0.00 0.00 0.00 0.00 0.00 
Maintains irrigation system per year  39.02 39.02 39.02 39.02 39.02 
Extra costs for irrigation water   41.84 27.89 41.84 41.84 62.76 
Total extra costs  0.00 82.85 68.88 83.00 83.13 104.16 
Extra revenue  -196.04 60.88 30.44 209.91 337.82 452.83 
Extra gross margin  -196.04 -21.97 -38.43 126.91 254.69 348.67 
Depreciation dam per year  0.00 12.70 8.46 12.70 12.70 19.04 
Depreciation irrigation system per year  0.00 45.71 45.71 45.71 45.71 45.71 
Profit before taxes -196.04 -80.38 -92.61 68.50 196.28 283.91 
Taxes 2.94 1.21 1.39 6.85 19.63 28.39 
Profit -198.98 -81.58 -94.00 61.65 176.65 255.52 
Hypothesis 3. Wheat cost-benefit analysis up to 2025 

  SC 0 SC 1 SC 2 SC 3 SC 4 SC 5 
Cost 1 cm plough per 1 ha 1.32 1.32 1.32 1.32 1.32 
Extra costs for loss fraction 0.71 0.68 0.74 0.95 0.88 
Maintains dam  20.00 20.00 20.00 20.00 20.00 
Maintains irrigation system  39.02 39.02 39.02 39.02 39.02 
Costs for irrigation water   41.84 27.89 41.84 41.84 62.76 
Total extra costs  0.00 102.89 88.91 102.92 103.13 123.98 
Extra revenue  -161.82 64.30 32.15 99.28 303.60 238.64 
Extra gross margin  -161.82 -38.59 -56.76 -3.64 200.47 114.66 
Depreciation dam  0.00 12.70 8.46 12.70 12.70 19.04 
Depreciation irrigation system  0.00 45.71 45.71 45.71 45.71 45.71 
Profit before taxes -161.82 -97.00 -110.94 -62.05 142.06 49.90 
Taxes 2.43 1.45 1.66 0.93 14.21 4.99 
Profit -164.25 -98.45 -112.60 -62.99 127.86 44.91 
 

Wheat cost-benefit analysis up to 2050 

  SC 0 SC 1 SC 2 SC 3 SC 4 SC 5 
Extra costs for 0.01 m per 1 ha 1.32 1.32 1.32 1.32 1.32 
Extra costs for loss fraction 0.67 0.64 0.82 0.95 1.06 
Maintains dam per year  20.00 20.00 20.00 20.00 20.00 
Maintains irrigation system per year  39.02 39.02 39.02 39.02 39.02 
Extra costs for irrigation water   41.84 27.89 41.84 41.84 62.76 
Total extra costs  0.00 102.85 88.88 103.00 103.13 124.16 
Extra revenue  -196.04 60.88 30.44 209.91 337.82 452.83 
Extra gross margin  -196.04 -41.97 -58.43 106.91 234.69 328.67 
Depreciation dam per year  0.00 12.70 8.46 12.70 12.70 19.04 
Depreciation irrigation system per year  0.00 45.71 45.71 45.71 45.71 45.71 
Profit before taxes -196.04 -100.38 -112.61 48.50 176.28 263.91 
Taxes 2.94 1.51 1.69 4.85 17.63 26.39 
Profit -198.98 -101.88 -114.30 43.65 158.65 237.52 
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Hypothesis 2. Maize cost-benefit analysis up to 2025 

  SC 0 SC 1 SC 2 SC 3 SC 4 SC 5 SC 6 SC 7 SC 8 SC 9 
Cost 1 cm plough per 1 ha 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Extra costs for loss fraction 0.00 1.78 1.73 1.25 1.65 1.70 1.51 1.24 1.49 1.15 
Maintains dam  0.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 
Maintains irrigation system  0.00 39.02 39.02 39.02 68.54 0.00 0.00 0.00 39.02 0.00 
Costs for irrigation water 0.00 104.59 83.68 55.78 135.97 104.59 83.68 55.78 48.56 48.56 
Total extra costs  0.00 165.40 144.43 116.06 226.16 126.29 105.18 77.02 109.07 69.71 

Extra revenue  
-

533.11 836.78 783.42 307.34 710.14 754.02 564.52 293.91 545.76 210.30 

Extra gross margin  
-

533.11 671.38 639.00 191.28 483.98 627.73 459.33 216.89 436.68 140.59 
Depreciation dam  0.00 31.74 25.39 16.93 41.26 31.74 25.39 16.93 14.74 14.74 
Depreciation irrigation 
system  0.00 45.71 45.71 45.71 189.70 450.00 450.00 450.00 45.71 450.00 

Profit before taxes 
-

533.11 593.93 567.89 128.64 253.02 145.99 -16.06 
-

250.04 376.23 
-

324.15 
Taxes 8.00 59.39 56.79 12.86 25.30 14.60 0.24 3.75 37.62 4.86 

Profit 
-

541.10 534.54 511.10 115.78 227.71 131.39 -16.30 
-

253.79 338.61 
-

329.01 
  
Maize cost-benefit analysis up to 2050 

  SC 0 SC 1 SC 2 SC 3 SC 4 SC 5 SC 6 SC 7 SC 8 SC 9 
Extra costs for 0.01 m per 1 
ha 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Extra costs for loss fraction 0.00 1.14 1.10 1.03 1.12 1.12 1.09 1.01 1.10 0.95 
Maintains dam per year  0.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 
Maintains irrigation system 
per year  0.00 39.02 39.02 39.02 68.54 0.00 0.00 0.00 39.02 0.00 
Extra costs for irrigation 
water 0.00 104.59 83.68 55.78 135.97 104.59 83.68 55.78 48.56 48.56 
Total extra costs  0.00 164.76 143.81 115.83 225.63 125.71 104.76 76.80 108.69 69.51 

Extra revenue  
-

684.66 348.87 314.69 235.61 332.41 326.09 298.25 224.58 310.99 158.24 

Extra gross margin  
-

684.66 184.11 170.89 119.78 106.78 200.37 193.49 147.78 202.30 88.73 
Depreciation dam per year  0.00 31.74 25.39 16.93 41.26 31.74 25.39 16.93 14.74 14.74 
Depreciation irrigation 
system per year  0.00 45.71 45.71 45.71 189.70 450.00 450.00 450.00 45.71 450.00 

Profit before taxes 
-

684.66 106.66 99.78 57.14 
-

124.19 
-

281.36 
-

281.90 
-

319.14 141.85 
-

376.00 
Taxes 10.27 10.67 9.98 5.71 1.86 4.22 4.23 4.79 14.19 5.64 

Profit 
-

694.93 95.99 89.81 51.42 
-

126.05 
-

285.59 
-

286.13 
-

323.93 127.67 
-

381.64 
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Hypothesis 3. Sunflower cost-benefit analysis up to 2025 

  SC 0 SC 1 SC 2 SC 3 SC 4 SC 5 SC 6 SC 7 SC 8 
Cost 1 cm plough per 1 ha 0.00 1.32 1.32 1.32 1.32 1.32 1.32 1.32 1.32 
Extra costs for loss fraction 0.00 1.03 1.01 0.90 0.97 0.97 0.86 0.86 0.99 
Maintains dam  0.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 
Maintains irrigation system  0.00 39.02 39.02 39.02 68.54 0.00 0.00 0.00 39.02 
Costs for irrigation water 0.00 69.73 52.30 48.81 62.76 69.73 52.30 48.81 52.30 
Total extra costs  0.00 131.10 113.65 110.05 153.58 92.02 74.48 70.99 113.63 

Extra revenue  
-

264.53 463.69 444.06 331.83 404.59 408.28 297.35 292.34 426.40 

Extra gross margin  
-

264.53 332.58 330.41 221.78 251.01 316.25 222.87 221.35 312.77 
Depreciation dam  0.00 21.16 15.87 14.81 19.04 21.16 15.87 14.81 15.87 
Depreciation irrigation system  0.00 45.71 45.71 45.71 189.70 450.00 450.00 450.00 45.71 

Profit before taxes 
-

264.53 265.71 268.83 161.25 42.26 
-

154.91 
-

243.00 
-

243.46 251.18 
Taxes 3.97 26.57 26.88 16.13 4.23 2.32 3.65 3.65 25.12 

Profit 
-

268.50 239.14 241.95 145.13 38.04 
-

157.23 
-

246.65 
-

247.11 226.07 
  
Sunflower cost-benefit analysis up to 2050 

  SC 0 SC 1 SC 2 SC 3 SC 4 SC 5 SC 6 SC 7 SC 8 
Extra costs for 0.01 m per 1 
ha 0.00 1.32 1.32 1.32 1.32 1.32 1.32 1.32 1.32 
Extra costs for loss fraction 0.00 0.57 0.56 0.55 0.57 0.57 0.55 0.55 0.55 
Maintains dam per year  0.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 
Maintains irrigation system 
per year  0.00 39.02 39.02 39.02 68.54 0.00 0.00 0.00 39.02 
Extra costs for irrigation water 0.00 69.73 52.30 48.81 62.76 69.73 52.30 48.81 52.30 
Total extra costs  0.00 130.65 113.20 109.71 153.18 91.61 74.17 70.68 113.19 

Extra revenue  
-

359.39 99.39 88.51 81.44 97.21 93.41 81.44 80.35 78.72 

Extra gross margin  
-

359.39 -31.26 -24.69 -28.27 -55.97 1.79 7.27 9.67 -34.47 
Depreciation dam per year  0.00 21.16 15.87 14.81 19.04 21.16 15.87 14.81 15.87 
Depreciation irrigation system 
per year  0.00 45.71 45.71 45.71 189.70 450.00 450.00 450.00 45.71 

Profit before taxes 
-

359.39 -98.13 -86.27 -88.79 
-

264.71 
-

469.37 
-

458.60 
-

455.14 -96.05 
Taxes 5.39 1.47 1.29 1.33 3.97 7.04 6.88 6.83 1.44 

Profit 
-

364.78 -99.60 -87.57 -90.12 
-

268.68 
-

476.41 
-

465.48 
-

461.97 -97.49 
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Annex 4. Economic feasibility calculations 

HHyyppootthheessiiss  11..  WWhheeaatt  NNPPVV  ccaallccuullaattiioonn
11
  

 
SC 0 SC 1 SC 2 SC 3 SC 4 SC 5 

0 
 

0 0 0 0 0 
1 -155 19 2 48 222 149 
2 -146 18 2 45 209 141 
3 -138 17 2 43 197 133 
4 -130 16 2 40 186 125 
5 -123 15 2 38 175 118 
6 -116 14 2 36 166 112 
7 -109 13 1 34 156 105 
8 -103 12 1 32 147 99 
9 -97 12 1 30 139 94 
10 -92 11 1 29 131 88 
11 -105 9 0 79 140 185 
12 -99 8 0 75 132 174 
13 -93 8 0 71 125 164 
14 -88 7 0 67 117 155 
15 -83 7 0 63 111 146 
16 -78 7 0 59 105 138 
17 -74 6 0 56 99 130 
18 -70 6 0 53 93 123 
19 -66 5 0 50 88 116 
20 -62 5 0 47 83 109 
21 -59 5 0 44 78 103 
22 -55 5 0 42 74 97 
23 -52 4 0 39 70 92 
24 -49 4 0 37 66 87 
25 -46 4 0 35 62 82 
26 -44 4 0 33 58 77 
27 -41 3 0 31 55 73 
28 -39 3 0 29 52 69 
29 -37 3 0 28 49 65 
30 -35 3 0 26 46 61 
31 -33 3 0 25 44 58 
32 -31 3 0 23 41 54 
33 -29 2 0 22 39 51 
34 -27 2 0 21 37 48 
35 -26 -56 -38 -38 -23 -41 

NPV -2629 206 -19 1393 3566 3582 

 

  

                                                        
1 All hypotheses calculations are presented only for the wheat.  
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Hypothesis 2. Wheat payback period calculation 

 
SC 0 SC 1 SC 2 SC 3 SC 4 SC 5 

0 
 

-1600 -1600 -1600 -1600 -1600 
1 -164 -1620 -1638 -1584 -1396 -1472 
2 -328 -1639 -1676 -1569 -1191 -1345 
3 -493 -1659 -1714 -1553 -987 -1217 
4 -657 -1679 -1752 -1537 -783 -1089 
5 -821 -1699 -1791 -1521 -579 -962 
6 -985 -1718 -1829 -1506 -374 -834 
7 -1150 -1738 -1867 -1490 -170 -706 

8 -1314 -1758 -1905 -1474 34 -579 

9 -1478 -1778 -1943 -1458 238 -451 
10 -1642 -1797 -1981 -1443 443 -323 
11 -1841 -1821 -2021 -1323 678 -3 

12 -2040 -1844 -2061 -1203 913 317 

13 -2239 -1867 -2101 -1083 1148 638 
14 -2438 -1890 -2141 -963 1383 958 
15 -2637 -1913 -2180 -842 1618 1278 
16 -2836 -1936 -2220 -722 1853 1598 
17 -3035 -1960 -2260 -602 2088 1919 
18 -3234 -1983 -2300 -482 2323 2239 
19 -3433 -2006 -2340 -362 2558 2559 
20 -3632 -2029 -2379 -242 2793 2879 
21 -3831 -2052 -2419 -122 3028 3200 
22 -4030 -2076 -2459 -2 3263 3520 

23 -4229 -2099 -2499 118 3498 3840 

24 -4428 -2122 -2539 238 3734 4161 
25 -4627 -2145 -2579 358 3969 4481 
26 -4826 -2168 -2618 478 4204 4801 
27 -5025 -2191 -2658 598 4439 5121 
28 -5224 -2215 -2698 718 4674 5442 
29 -5423 -2238 -2738 838 4909 5762 
30 -5622 -2261 -2778 958 5144 6082 
31 -5821 -2284 -2818 1079 5379 6403 
32 -6020 -2307 -2857 1199 5614 6723 
33 -6219 -2330 -2897 1319 5849 7043 
34 -6418 -2354 -2937 1439 6084 7363 
35 -6617 -2377 -2977 1559 6319 7684 
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Hypothesis 2. Wheat NPV calculation 

 
SC 0 SC 1 SC 2 SC 3 SC 4 SC 5 

0 
 

-1600 -1600 -1600 -1600 -1600 
1 -155 -19 -36 15 193 120 
2 -146 -18 -34 14 182 114 
3 -138 -17 -32 13 172 107 
4 -130 -16 -30 12 162 101 
5 -123 -15 -28 12 153 95 
6 -116 -14 -27 11 144 90 
7 -109 -13 -25 10 136 85 
8 -103 -12 -24 10 128 80 
9 -97 -12 -23 9 121 76 
10 -92 -11 -21 9 114 71 
11 -105 -12 -21 63 124 169 
12 -99 -12 -20 60 117 159 
13 -93 -11 -19 56 110 150 
14 -88 -10 -18 53 104 142 
15 -83 -10 -17 50 98 134 
16 -78 -9 -16 47 93 126 
17 -74 -9 -15 45 87 119 
18 -70 -8 -14 42 82 112 
19 -66 -8 -13 40 78 106 
20 -62 -7 -12 37 73 100 
21 -59 -7 -12 35 69 94 
22 -55 -6 -11 33 65 89 
23 -52 -6 -10 31 62 84 
24 -49 -6 -10 30 58 79 
25 -46 -5 -9 28 55 75 
26 -44 -5 -9 26 52 70 
27 -41 -5 -8 25 49 66 
28 -39 -5 -8 23 46 63 
29 -37 -4 -7 22 43 59 
30 -35 -4 -7 21 41 56 
31 -33 -4 -7 20 39 53 
32 -31 -4 -6 19 36 50 
33 -29 -3 -6 18 34 47 
34 -27 -3 -5 17 32 44 
35 -26 -61 -44 -42 -27 -45 

NPV -2629 -1969 -2203 -685 1524 1539 
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Hypothesis 2. Wheat IRR calculation 

 
SC 0 SC 1 SC 2 SC 3 SC 4 SC 5 

0 0 -1600 -1600 -1600 -1600 -1600 
1 -164 -20 -38 16 204 128 
2 -164 -20 -38 16 204 128 
3 -164 -20 -38 16 204 128 
4 -164 -20 -38 16 204 128 
5 -164 -20 -38 16 204 128 
6 -164 -20 -38 16 204 128 
7 -164 -20 -38 16 204 128 
8 -164 -20 -38 16 204 128 
9 -164 -20 -38 16 204 128 
10 -164 -20 -38 16 204 128 
11 -199 -23 -40 120 235 320 
12 -199 -23 -40 120 235 320 
13 -199 -23 -40 120 235 320 
14 -199 -23 -40 120 235 320 
15 -199 -23 -40 120 235 320 
16 -199 -23 -40 120 235 320 
17 -199 -23 -40 120 235 320 
18 -199 -23 -40 120 235 320 
19 -199 -23 -40 120 235 320 
20 -199 -23 -40 120 235 320 
21 -199 -23 -40 120 235 320 
22 -199 -23 -40 120 235 320 
23 -199 -23 -40 120 235 320 
24 -199 -23 -40 120 235 320 
25 -199 -23 -40 120 235 320 
26 -199 -23 -40 120 235 320 
27 -199 -23 -40 120 235 320 
28 -199 -23 -40 120 235 320 
29 -199 -23 -40 120 235 320 
30 -199 -23 -40 120 235 320 
31 -199 -23 -40 120 235 320 
32 -199 -23 -40 120 235 320 
33 -199 -23 -40 120 235 320 
34 -199 -23 -40 120 235 320 
35 -199 -468 -336 -324 -209 -346 

IRR / / / 2.76% 13.08% 11.49% 
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Hypothesis 3. Wheat payback period calculation 

 
SC 0 SC 1 SC 2 SC 3 SC 4 SC 5 

0 
 

-2869.57 -2446.38 -2869.57 -2869.57 -3504.35 
1 -164.25 -2909.61 -2504.80 -2874.14 -2683.30 -3394.68 
2 -328.50 -2949.65 -2563.22 -2878.72 -2497.03 -3285.01 
3 -492.75 -2989.69 -2621.65 -2883.29 -2310.76 -3175.34 
4 -657.00 -3029.73 -2680.07 -2887.87 -2124.49 -3065.68 
5 -821.24 -3069.77 -2738.49 -2892.44 -1938.23 -2956.01 
6 -985.49 -3109.81 -2796.92 -2897.02 -1751.96 -2846.34 
7 -1149.74 -3149.85 -2855.34 -2901.59 -1565.69 -2736.67 
8 -1313.99 -3189.89 -2913.76 -2906.17 -1379.42 -2627.00 
9 -1478.24 -3229.93 -2972.19 -2910.74 -1193.15 -2517.33 
10 -1642.49 -3269.97 -3030.61 -2915.32 -1006.89 -2407.67 
11 -1841.47 -3313.44 -3090.73 -2813.26 -789.83 -2105.39 
12 -2040.44 -3356.92 -3150.86 -2711.20 -572.77 -1803.11 
13 -2239.42 -3400.39 -3210.98 -2609.13 -355.71 -1500.83 
14 -2438.39 -3443.87 -3271.10 -2507.07 -138.64 -1198.54 

15 -2637.37 -3487.34 -3331.23 -2405.01 78.42 -896.26 

16 -2836.35 -3530.82 -3391.35 -2302.95 295.48 -593.98 
17 -3035.32 -3574.29 -3451.47 -2200.89 512.54 -291.70 

18 -3234.30 -3617.77 -3511.60 -2098.83 729.60 10.58 

19 -3433.27 -3661.24 -3571.72 -1996.77 946.66 312.86 
20 -3632.25 -3704.72 -3631.84 -1894.70 1163.72 615.14 
21 -3831.22 -3748.19 -3691.97 -1792.64 1380.78 917.42 
22 -4030.20 -3791.67 -3752.09 -1690.58 1597.84 1219.70 
23 -4229.18 -3835.14 -3812.21 -1588.52 1814.90 1521.98 
24 -4428.15 -3878.62 -3872.34 -1486.46 2031.96 1824.26 
25 -4627.13 -3922.09 -3932.46 -1384.40 2249.02 2126.54 
26 -4826.10 -3965.57 -3992.58 -1282.34 2466.08 2428.82 
27 -5025.08 -4009.04 -4052.71 -1180.28 2683.14 2731.10 
28 -5224.06 -4052.52 -4112.83 -1078.21 2900.20 3033.38 
29 -5423.03 -4095.99 -4172.95 -976.15 3117.26 3335.66 
30 -5622.01 -4139.46 -4233.08 -874.09 3334.32 3637.94 
31 -5820.98 -4182.94 -4293.20 -772.03 3551.38 3940.22 
32 -6019.96 -4226.41 -4353.33 -669.97 3768.44 4242.50 
33 -6218.94 -4269.89 -4413.45 -567.91 3985.50 4544.78 
34 -6417.91 -4313.36 -4473.57 -465.85 4202.56 4847.06 
35 -6616.89 -4356.84 -4533.70 -363.79 4419.62 5149.34 
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Hypothesis 3. Wheat NPV calculation 

 
SC 0 SC 1 SC 2 SC 3 SC 4 SC 5 

0 
 

-2869.57 -2446.38 -2869.57 -2869.57 -3504.35 
1 -154.95 -37.77 -55.12 -4.32 175.72 103.46 
2 -146.18 -35.64 -52.00 -4.07 165.78 97.60 
3 -137.91 -33.62 -49.05 -3.84 156.39 92.08 
4 -130.10 -31.72 -46.28 -3.62 147.54 86.87 
5 -122.74 -29.92 -43.66 -3.42 139.19 81.95 
6 -115.79 -28.23 -41.19 -3.23 131.31 77.31 
7 -109.23 -26.63 -38.85 -3.04 123.88 72.94 
8 -103.05 -25.12 -36.66 -2.87 116.87 68.81 
9 -97.22 -23.70 -34.58 -2.71 110.25 64.91 
10 -91.72 -22.36 -32.62 -2.55 104.01 61.24 
11 -104.82 -22.90 -31.67 53.76 114.34 159.24 
12 -98.88 -21.61 -29.88 50.72 107.87 150.22 
13 -93.29 -20.38 -28.19 47.85 101.77 141.72 
14 -88.01 -19.23 -26.59 45.14 96.01 133.70 
15 -83.03 -18.14 -25.09 42.59 90.57 126.13 
16 -78.33 -17.11 -23.67 40.18 85.44 118.99 
17 -73.89 -16.14 -22.33 37.90 80.61 112.26 
18 -69.71 -15.23 -21.06 35.76 76.05 105.90 
19 -65.76 -14.37 -19.87 33.73 71.74 99.91 
20 -62.04 -13.56 -18.75 31.82 67.68 94.25 
21 -58.53 -12.79 -17.69 30.02 63.85 88.92 
22 -55.22 -12.06 -16.68 28.32 60.24 83.88 
23 -52.09 -11.38 -15.74 26.72 56.83 79.14 
24 -49.14 -10.74 -14.85 25.21 53.61 74.66 
25 -46.36 -10.13 -14.01 23.78 50.57 70.43 
26 -43.74 -9.56 -13.22 22.43 47.71 66.44 
27 -41.26 -9.02 -12.47 21.16 45.01 62.68 
28 -38.93 -8.50 -11.76 19.97 42.46 59.14 
29 -36.72 -8.02 -11.10 18.84 40.06 55.79 
30 -34.64 -7.57 -10.47 17.77 37.79 52.63 
31 -32.68 -7.14 -9.88 16.76 35.65 49.65 
32 -30.83 -6.74 -9.32 15.82 33.64 46.84 
33 -29.09 -6.36 -8.79 14.92 31.73 44.19 
34 -27.44 -6.00 -8.29 14.08 29.94 41.69 
35 -25.89 101.71 63.75 120.64 135.61 200.38 

NPV -2629.21 -3367.23 -3233.97 -2067.34 158.16 -378.41 
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Hypothesis 3. Wheat IRR calculation 

 
SC 0 SC 1 SC 2 SC 3 SC 4 SC 5 

0 0.00 -2869.57 -2446.38 -2869.57 -2869.57 -3504.35 
1 -164.25 -40.04 -58.42 -4.58 186.27 109.67 
2 -164.25 -40.04 -58.42 -4.58 186.27 109.67 
3 -164.25 -40.04 -58.42 -4.58 186.27 109.67 
4 -164.25 -40.04 -58.42 -4.58 186.27 109.67 
5 -164.25 -40.04 -58.42 -4.58 186.27 109.67 
6 -164.25 -40.04 -58.42 -4.58 186.27 109.67 
7 -164.25 -40.04 -58.42 -4.58 186.27 109.67 
8 -164.25 -40.04 -58.42 -4.58 186.27 109.67 
9 -164.25 -40.04 -58.42 -4.58 186.27 109.67 
10 -164.25 -40.04 -58.42 -4.58 186.27 109.67 
11 -198.98 -43.47 -60.12 102.06 217.06 302.28 
12 -198.98 -43.47 -60.12 102.06 217.06 302.28 
13 -198.98 -43.47 -60.12 102.06 217.06 302.28 
14 -198.98 -43.47 -60.12 102.06 217.06 302.28 
15 -198.98 -43.47 -60.12 102.06 217.06 302.28 
16 -198.98 -43.47 -60.12 102.06 217.06 302.28 
17 -198.98 -43.47 -60.12 102.06 217.06 302.28 
18 -198.98 -43.47 -60.12 102.06 217.06 302.28 
19 -198.98 -43.47 -60.12 102.06 217.06 302.28 
20 -198.98 -43.47 -60.12 102.06 217.06 302.28 
21 -198.98 -43.47 -60.12 102.06 217.06 302.28 
22 -198.98 -43.47 -60.12 102.06 217.06 302.28 
23 -198.98 -43.47 -60.12 102.06 217.06 302.28 
24 -198.98 -43.47 -60.12 102.06 217.06 302.28 
25 -198.98 -43.47 -60.12 102.06 217.06 302.28 
26 -198.98 -43.47 -60.12 102.06 217.06 302.28 
27 -198.98 -43.47 -60.12 102.06 217.06 302.28 
28 -198.98 -43.47 -60.12 102.06 217.06 302.28 
29 -198.98 -43.47 -60.12 102.06 217.06 302.28 
30 -198.98 -43.47 -60.12 102.06 217.06 302.28 
31 -198.98 -43.47 -60.12 102.06 217.06 302.28 
32 -198.98 -43.47 -60.12 102.06 217.06 302.28 
33 -198.98 -43.47 -60.12 102.06 217.06 302.28 
34 -198.98 -43.47 -60.12 102.06 217.06 302.28 
35 -198.98 781.74 490.02 927.28 1042.28 1540.11 

IRR / / / / 6.42% 5.30% 
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Hypothesis 3. Maize payback period calculation 
  SC 0 SC 1 SC 2 SC 3 SC 4 SC 5 SC 6 SC 7 SC 8 SC 9 

0 
 

-4774 -4139 -3293 -11714 -18924 -18289 -17443 -3074 -17224 
1 -541 -4162 -3557 -3114 -11255 -18311 -17830 -17222 -2675 -17078 
2 -1082 -3550 -2975 -2936 -10797 -17698 -17370 -17001 -2275 -16933 
3 -1623 -2938 -2393 -2758 -10338 -17085 -16910 -16781 -1876 -16787 
4 -2164 -2326 -1810 -2579 -9879 -16471 -16451 -16560 -1477 -16642 
5 -2706 -1714 -1228 -2401 -9421 -15858 -15991 -16340 -1078 -16496 
6 -3247 -1102 -646 -2222 -8962 -15245 -15532 -16119 -679 -16351 
7 -3788 -490 -64 -2044 -8503 -14632 -15072 -15898 -280 -16205 

8 -4329 122 519 -1865 -8045 -14019 -14613 -15678 119 -16060 

9 -4870 734 1101 -1687 -7586 -13406 -14153 -15457 518 -15915 
10 -5411 1346 1683 -1509 -7127 -12793 -13693 -15236 917 -15769 
11 -6106 1519 1844 -1395 -7022 -12596 -13496 -15084 1105 -15675 
12 -6801 1693 2005 -1280 -6918 -12400 -13298 -14931 1293 -15580 
13 -7496 1866 2166 -1166 -6813 -12204 -13100 -14779 1481 -15486 
14 -8191 2040 2327 -1052 -6708 -12008 -12903 -14626 1669 -15392 
15 -8886 2213 2487 -938 -6603 -11812 -12705 -14474 1858 -15297 
16 -9581 2387 2648 -824 -6498 -11616 -12507 -14321 2046 -15203 
17 -10276 2560 2809 -710 -6393 -11420 -12309 -14168 2234 -15108 
18 -10970 2734 2970 -596 -6288 -11223 -12112 -14016 2422 -15014 
19 -11665 2907 3131 -482 -6183 -11027 -11914 -13863 2610 -14920 
20 -12360 3080 3292 -368 -6078 -10831 -11716 -13711 2798 -14825 
21 -13055 3254 3453 -254 -5973 -10635 -11519 -13558 2986 -14731 
22 -13750 3427 3614 -140 -5868 -10439 -11321 -13406 3174 -14637 
23 -14445 3601 3775 -26 -5764 -10243 -11123 -13253 3363 -14542 

24 -15140 3774 3936 88 -5659 -10046 -10925 -13100 3551 -14448 

25 -15835 3948 4097 202 -5554 -9850 -10728 -12948 3739 -14354 
26 -16530 4121 4258 316 -5449 -9654 -10530 -12795 3927 -14259 
27 -17225 4295 4418 431 -5344 -9458 -10332 -12643 4115 -14165 
28 -17920 4468 4579 545 -5239 -9262 -10135 -12490 4303 -14070 
29 -18615 4641 4740 659 -5134 -9066 -9937 -12338 4491 -13976 
30 -19310 4815 4901 773 -5029 -8870 -9739 -12185 4679 -13882 
31 -20005 4988 5062 887 -4924 -8673 -9541 -12032 4867 -13787 
32 -20700 5162 5223 1001 -4819 -8477 -9344 -11880 5056 -13693 
33 -21394 5335 5384 1115 -4714 -8281 -9146 -11727 5244 -13599 
34 -22089 5509 5545 1229 -4609 -8085 -8948 -11575 5432 -13504 
35 -22784 5682 5706 1343 -4505 -7889 -8750 -11422 5620 -13410 
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Hypothesis 3. Maize NPV calculation 
  SC 0 SC 1 SC 2 SC 3 SC 4 SC 5 SC 6 SC 7 SC 8 SC 9 

0 -510 577 549 168 433 578 434 208 376 137 
1 -482 545 518 159 408 546 409 196 355 129 
2 -454 514 489 150 385 515 386 185 335 122 
3 -429 485 461 141 363 486 364 175 316 115 
4 -404 457 435 133 343 458 343 165 298 109 
5 -381 431 410 126 323 432 324 156 281 103 
6 -360 407 387 119 305 408 306 147 265 97 
7 -339 384 365 112 288 385 288 138 250 91 
8 -320 362 345 106 271 363 272 131 236 86 
9 -302 342 325 100 256 342 257 123 223 81 
10 -366 91 85 60 55 103 104 80 99 50 
11 -345 86 80 57 52 97 98 76 93 47 
12 -326 81 75 53 49 92 93 72 88 44 
13 -307 77 71 50 46 87 87 67 83 42 
14 -290 72 67 48 44 82 82 64 78 39 
15 -274 68 63 45 41 77 78 60 74 37 
16 -258 64 60 42 39 73 73 57 70 35 
17 -243 61 56 40 37 69 69 53 66 33 
18 -230 57 53 38 35 65 65 50 62 31 
19 -217 54 50 36 33 61 62 48 59 29 
20 -204 51 47 34 31 58 58 45 55 28 
21 -193 48 45 32 29 54 55 42 52 26 
22 -182 45 42 30 27 51 52 40 49 25 
23 -172 43 40 28 26 48 49 38 46 23 
24 -162 40 37 27 24 46 46 36 44 22 
25 -153 38 35 25 23 43 43 34 41 21 
26 -144 36 33 24 22 41 41 32 39 20 
27 -136 34 31 22 21 38 39 30 37 18 
28 -128 32 30 21 19 36 36 28 35 17 
29 -121 30 28 20 18 34 34 27 33 16 
30 -114 28 26 19 17 32 32 25 31 16 
31 -108 27 25 18 16 30 31 24 29 15 
32 -102 25 24 17 15 29 29 22 28 14 
33 -96 24 22 16 14 27 27 21 26 13 
34 -90 291 236 158 486 294 240 163 149 137 
35 -8943 1237 1509 -1022 -7117 -12743 -13281 -14587 1331 -15355 

NPV -510 577 549 168 433 578 434 208 376 137 
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Hypothesis 3. Maize IRR calculation 

 
SC 0 SC 1 SC 2 SC 3 SC 4 SC 5 SC 6 SC 7 SC 8 SC 9 

0 
 

-4774 -4139 -3293 -11714 -18924 -18289 -17443 -3074 -17224 
1 -541 612 582 178 459 613 460 221 399 145 
2 -541 612 582 178 459 613 460 221 399 145 
3 -541 612 582 178 459 613 460 221 399 145 
4 -541 612 582 178 459 613 460 221 399 145 
5 -541 612 582 178 459 613 460 221 399 145 
6 -541 612 582 178 459 613 460 221 399 145 
7 -541 612 582 178 459 613 460 221 399 145 
8 -541 612 582 178 459 613 460 221 399 145 
9 -541 612 582 178 459 613 460 221 399 145 
10 -541 612 582 178 459 613 460 221 399 145 
11 -695 173 161 114 105 196 198 153 188 94 
12 -695 173 161 114 105 196 198 153 188 94 
13 -695 173 161 114 105 196 198 153 188 94 
14 -695 173 161 114 105 196 198 153 188 94 
15 -695 173 161 114 105 196 198 153 188 94 
16 -695 173 161 114 105 196 198 153 188 94 
17 -695 173 161 114 105 196 198 153 188 94 
18 -695 173 161 114 105 196 198 153 188 94 
19 -695 173 161 114 105 196 198 153 188 94 
20 -695 173 161 114 105 196 198 153 188 94 
21 -695 173 161 114 105 196 198 153 188 94 
22 -695 173 161 114 105 196 198 153 188 94 
23 -695 173 161 114 105 196 198 153 188 94 
24 -695 173 161 114 105 196 198 153 188 94 
25 -695 173 161 114 105 196 198 153 188 94 
26 -695 173 161 114 105 196 198 153 188 94 
27 -695 173 161 114 105 196 198 153 188 94 
28 -695 173 161 114 105 196 198 153 188 94 
29 -695 173 161 114 105 196 198 153 188 94 
30 -695 173 161 114 105 196 198 153 188 94 
31 -695 173 161 114 105 196 198 153 188 94 
32 -695 173 161 114 105 196 198 153 188 94 
33 -695 173 161 114 105 196 198 153 188 94 
34 -695 173 161 114 105 196 198 153 188 94 
35 -695 2236 1811 1214 3735 2259 1848 1253 1146 1052 

IRR / 8.92% 10.23% 3.19% / / / / 10.32% / 
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Hypothesis 3. Sunflower payback period calculation 
  SC 0 SC 1 SC 2 SC 3 SC 4 SC 5 SC 6 SC 7 SC 8 

0 
 

-3716 -3187 -3081 -9492 -17866 -17337 -17231 -3187 
1 -269 -3410 -2883 -2876 -9246 -17552 -17110 -17006 -2899 
2 -537 -3104 -2580 -2670 -8999 -17238 -16884 -16781 -2612 
3 -806 -2798 -2276 -2464 -8752 -16924 -16657 -16556 -2324 
4 -1074 -2492 -1973 -2259 -8505 -16610 -16431 -16331 -2036 
5 -1343 -2186 -1669 -2053 -8259 -16296 -16204 -16106 -1749 
6 -1611 -1880 -1366 -1847 -8012 -15982 -15978 -15881 -1461 
7 -1880 -1574 -1062 -1642 -7765 -15668 -15751 -15656 -1173 
8 -2148 -1268 -759 -1436 -7518 -15355 -15525 -15431 -886 
9 -2417 -962 -455 -1230 -7271 -15041 -15298 -15206 -598 
10 -2685 -656 -152 -1025 -7025 -14727 -15072 -14981 -310 
11 -3050 -689 -178 -1054 -7085 -14732 -15058 -14965 -346 
12 -3415 -721 -204 -1084 -7144 -14737 -15044 -14948 -382 
13 -3779 -754 -230 -1113 -7204 -14742 -15029 -14932 -418 
14 -4144 -787 -256 -1143 -7264 -14748 -15015 -14915 -454 
15 -4509 -819 -282 -1173 -7324 -14753 -15001 -14899 -490 
16 -4874 -852 -308 -1202 -7384 -14758 -14987 -14882 -526 
17 -5238 -885 -334 -1232 -7444 -14763 -14973 -14866 -562 
18 -5603 -918 -360 -1261 -7504 -14769 -14959 -14849 -598 
19 -5968 -950 -386 -1291 -7564 -14774 -14945 -14833 -634 
20 -6333 -983 -412 -1321 -7624 -14779 -14930 -14816 -670 
21 -6698 -1016 -437 -1350 -7684 -14784 -14916 -14800 -705 
22 -7062 -1049 -463 -1380 -7744 -14790 -14902 -14783 -741 
23 -7427 -1081 -489 -1409 -7804 -14795 -14888 -14767 -777 
24 -7792 -1114 -515 -1439 -7864 -14800 -14874 -14750 -813 
25 -8157 -1147 -541 -1469 -7924 -14805 -14860 -14734 -849 
26 -8522 -1179 -567 -1498 -7984 -14811 -14845 -14717 -885 
27 -8886 -1212 -593 -1528 -8044 -14816 -14831 -14701 -921 
28 -9251 -1245 -619 -1557 -8104 -14821 -14817 -14684 -957 
29 -9616 -1278 -645 -1587 -8163 -14826 -14803 -14668 -993 
30 -9981 -1310 -671 -1617 -8223 -14832 -14789 -14651 -1029 
31 -10345 -1343 -697 -1646 -8283 -14837 -14775 -14635 -1065 
32 -10710 -1376 -723 -1676 -8343 -14842 -14761 -14618 -1100 
33 -11075 -1409 -749 -1705 -8403 -14847 -14746 -14602 -1136 
34 -11440 -1441 -775 -1735 -8463 -14853 -14732 -14585 -1172 
35 -11805 -1474 -801 -1765 -8523 -14858 -14718 -14569 -1208 
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Hypothesis 3. Sunflower NPV calculation 
  SC 0 SC 1 SC 2 SC 3 SC 4 SC 5 SC 6 SC 7 SC 8 

0 
 

-3716 -3187 -3081 -9492 -17866 -17337 -17231 -3187 
1 -253 289 286 194 233 296 214 212 271 
2 -239 272 270 183 220 279 202 200 256 
3 -225 257 255 173 207 264 190 189 242 
4 -213 242 240 163 195 249 179 178 228 
5 -201 229 227 154 184 235 169 168 215 
6 -189 216 214 145 174 221 160 159 203 
7 -179 204 202 137 164 209 151 150 191 
8 -168 192 190 129 155 197 142 141 180 
9 -159 181 180 122 146 186 134 133 170 
10 -150 171 169 115 138 175 126 126 161 
11 -192 -17 -14 -16 -32 -3 7 9 -19 
12 -181 -16 -13 -15 -30 -3 7 8 -18 
13 -171 -15 -12 -14 -28 -2 7 8 -17 
14 -161 -14 -11 -13 -27 -2 6 7 -16 
15 -152 -14 -11 -12 -25 -2 6 7 -15 
16 -144 -13 -10 -12 -24 -2 6 6 -14 
17 -135 -12 -10 -11 -22 -2 5 6 -13 
18 -128 -11 -9 -10 -21 -2 5 6 -13 
19 -121 -11 -9 -10 -20 -2 5 5 -12 
20 -114 -10 -8 -9 -19 -2 4 5 -11 
21 -107 -10 -8 -9 -18 -2 4 5 -11 
22 -101 -9 -7 -8 -17 -1 4 5 -10 
23 -95 -9 -7 -8 -16 -1 4 4 -9 
24 -90 -8 -6 -7 -15 -1 3 4 -9 
25 -85 -8 -6 -7 -14 -1 3 4 -8 
26 -80 -7 -6 -7 -13 -1 3 4 -8 
27 -76 -7 -5 -6 -12 -1 3 3 -7 
28 -71 -6 -5 -6 -12 -1 3 3 -7 
29 -67 -6 -5 -5 -11 -1 3 3 -7 
30 -64 -6 -5 -5 -10 -1 2 3 -6 
31 -60 -5 -4 -5 -10 -1 2 3 -6 
32 -57 -5 -4 -5 -9 -1 2 3 -6 
33 -53 -5 -4 -4 -9 -1 2 2 -5 
34 -50 -5 -4 -4 -8 -1 2 2 -5 
35 -47 175 131 121 277 178 136 127 130 

NPV -4580 -1518 -1004 -1654 -7819 -15414 -15435 -15332 -1192 
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Hypothesis 3. Sunflower IRR calculation 

 
SC 0 SC 1 SC 2 SC 3 SC 4 SC 5 SC 6 SC 7 SC 8 

0 
 

-3716 -3187 -3081 -9492 -17866 -17337 -17231 -3187 
1 -269 306 304 206 247 314 227 225 288 
2 -269 306 304 206 247 314 227 225 288 
3 -269 306 304 206 247 314 227 225 288 
4 -269 306 304 206 247 314 227 225 288 
5 -269 306 304 206 247 314 227 225 288 
6 -269 306 304 206 247 314 227 225 288 
7 -269 306 304 206 247 314 227 225 288 
8 -269 306 304 206 247 314 227 225 288 
9 -269 306 304 206 247 314 227 225 288 
10 -269 306 304 206 247 314 227 225 288 
11 -365 -33 -26 -30 -60 -5 14 16 -36 
12 -365 -33 -26 -30 -60 -5 14 16 -36 
13 -365 -33 -26 -30 -60 -5 14 16 -36 
14 -365 -33 -26 -30 -60 -5 14 16 -36 
15 -365 -33 -26 -30 -60 -5 14 16 -36 
16 -365 -33 -26 -30 -60 -5 14 16 -36 
17 -365 -33 -26 -30 -60 -5 14 16 -36 
18 -365 -33 -26 -30 -60 -5 14 16 -36 
19 -365 -33 -26 -30 -60 -5 14 16 -36 
20 -365 -33 -26 -30 -60 -5 14 16 -36 
21 -365 -33 -26 -30 -60 -5 14 16 -36 
22 -365 -33 -26 -30 -60 -5 14 16 -36 
23 -365 -33 -26 -30 -60 -5 14 16 -36 
24 -365 -33 -26 -30 -60 -5 14 16 -36 
25 -365 -33 -26 -30 -60 -5 14 16 -36 
26 -365 -33 -26 -30 -60 -5 14 16 -36 
27 -365 -33 -26 -30 -60 -5 14 16 -36 
28 -365 -33 -26 -30 -60 -5 14 16 -36 
29 -365 -33 -26 -30 -60 -5 14 16 -36 
30 -365 -33 -26 -30 -60 -5 14 16 -36 
31 -365 -33 -26 -30 -60 -5 14 16 -36 
32 -365 -33 -26 -30 -60 -5 14 16 -36 
33 -365 -33 -26 -30 -60 -5 14 16 -36 
34 -365 -33 -26 -30 -60 -5 14 16 -36 
35 -365 1343 1006 933 2126 1370 1046 979 996 

IRR / -0.21% 0.66% / / / / / -0.52% 
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Annex 5. Agriculture irrigation 
According the State Statistical Office of Republic of Macedonia Census of Agriculture 2007 
only 29.72% of the farmers (57185 farmers out of all 192378) have irrigation equipment. In 
total around 70% of the farmers have access to irrigation. In some regions as the East 
Region 40% of the farmers lack the irrigation scheme.  
 
Irrigation access by farmers 

 Number of farmers 

irrigate 

Total number 

of farmers 

Share of access to 

irrigation 

Vardar Region 14141 23287 61% 
East Region 16717 27795 60% 
Southwest Region 16439 21412 77% 
Southeast Region 20097 25978 77% 
Pelagonia Region 17933 27578 65% 
Polog Region 21850 25632 85% 
Northeast Region 12494 21631 58% 
Skopje Region 11565 19065 61% 
Republic of Macedonia 131236 192378 68% 

Total land covered with the irrigation scheme is 69070 ha. Southeast Region has the largest 
area under the irrigation system 12234 ha.  
 

Irrigated land in ha by farmers 

 

Vardar 

Region 

East 

Region 

Southwest 

Region 

Southeast 

Region 

Pelagonia 

Region 

Polog 

Region 

Northeast 

Region 

Skopje 

Region 

Republic 

Macedonia 

Cereals 1569 4651 2121 3057 2255 5903 3803 1002 24360 
Industrial  337 274 146 1350 1871 288 162 107 4534 
Vegetable 1135 1291 783 4589 2475 1732 1309 2184 15499 
Fodder  769 327 1016 599 454 701 351 172 4389 
Orchards 1032 368 486 702 2659 328 138 195 5908 
Vineyards 6071 172 46 1749 176 37 58 158 8467 
Meadows 162 387 766 86 521 2144 93 118 4277 
Other 107 202 191 102 173 578 107 174 1635 
Irrigated 11183 7672 5555 12234 10585 11711 6020 4110 69070 

 
The area of irrigated land is rather very low. While almost 70% of the farmers have access to 
irrigation only 26% of the used land is irrigated. This is mainly result of the huge parcelisation 
of the land owned. The total used land is separate in 636911 separate parcels which mean 
that in average one used plot is 0.42 ha. 
 
Irrigation coverage 

 

Vardar 

Region 

East 

Region 

Southwest 

Region 

Southeast 

Region 

Pelagonia 

Region 

Polog 

Region 

Northeast 

Region 

Skopje 

Region 

Republic 

Macedonia 

Cereals 13% 23% 28% 27% 9% 49% 15% 9% 20% 
Industrial  33% 40% 486% 34% 25% 342% 32% 20% 31% 
Vegetable 65% 47% 82% 71% 84% 84% 66% 70% 70% 
Fodder  49% 21% 31% 17% 14% 16% 18% 8% 20% 
Orchards 89% 22% 55% 69% 86% 65% 22% 44% 63% 
Vineyards 59% 17% 13% 58% 31% 44% 6% 20% 49% 
Meadows 14% 7% 16% 7% 9% 37% 2% 5% 14% 
Other 2% 3% 9% 6% 5% 34% 2% 13% 7% 
Irrigated  34% 19% 28% 38% 21% 44% 15% 19% 26% 

 



130 
 

 

The vegetable and orchards have highest irrigation coverage. Only 20% of the production of 
cereals is irrigated.  

 

 
Irrigation coverage according the land usage and region 
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