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Foreword

more. Prudence and care about future progress and the future generations requires

that we act now. Climate change can pose a serious threat to human lives, to eco-
nomic development and to the natural resources on which much of humankind’s prosperity
depends.

What we do today about climate change has consequence that will last a century or

In the national context, areas such as agriculture, electricity production, energy demand, hu-
man health and forestry are all directly linked to the climate. They are therefore vulnerable to
impacts from climate change.

For example, climate change is expected to make summers hotter resulting in increased en-
ergy demand to power air conditioners. Climate change can change precipitation patterns —
potentially reducing hydroelectricity production which in 2009 represented some 36% of the
electricity producing capacity in the country. Climate change can also reduce agricultural pro-
ductivity which can negatively impact rural livelihoods and the country’s food security situa-
tion. To guard against climate change, the development of the country must be carried out in
such a way as to make it “climate-resilient.”

At the same time as needing to become climate-resilient, the country has already committed
to moving towards a low-emission economy as a partner with the EU. It is @ member of the
European Energy Community and thus has committed to adopting the EU acquis related to
energy. In 2007 EU leaders endorsed an integrated approach to climate and energy policy
and committed to transforming Europe into a highly energy-efficient, low-emission economy.
In cooperation with international partners such as the EU, the UN, the World Bank and others,
the national development pathway can be green, low-emission and climate-resilient.

In order to move down the green, low-emission and climate-resilient development path, na-
tional institutions will need to further develop the analytical tools and information to support
informed policy decisions. This study is part of an ongoing UNDP effort to develop the ana-
lytical and institutional capacity of countries in transition to estimate the economic impacts of
climate change and identify areas where adaptation may be necessary.

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. Having a better idea of the economic impacts
will make it possible to then better assess options for becoming more climate-resilient.

71
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The study was carried out predominantly by national experts and institutions with assistance
from international experts engaged by UNDP. | would like to thank all of those involved in the
development of the study.

| hope the study will serve two purposes. First, it is my hope that the process of developing the
study has helped to build national capacity for improved and refined analysis in the coming
period. Second, it is my hope that this publication will contribute to the national dialogue
about the links between development and climate change, and serve as food for thought as
the country seeks to take concrete steps to pursue a course of green, low-emission climate-
resilient development.

Deirdre Boyd,
UN Resident Coordinator/UNDP Resident Representative



Overview

Key findings of the study:

This study represents one of the first attempts within the Macedonian context to quantify the
likely impacts of climate change in economic terms. It analyses how the following areas will
be affected by climate change impacts — electricity consumption, water resources related to
electricity production, and agriculture.

It builds upon previous work that has analysed the physical impacts of climate change. This
includes work carried out during the preparation of the two National Communications to the
United Nations Framework Convention on Climate Change (UNFCCC). This study also identifies
areas where building analytical capacity will assist in the management of natural resources
and planning. The study was mostly carried out by Macedonian experts with assistance from
experts from outside the country — building local capacity via a “learning by doing” approach.
The following are key points from the study.

Electricity consumption:

The total discounted costs of the overall energy system are estimated to approximately EUR
14.87 billion over the planning horizon 2006-2030. The electricity demand for all sectors
(commercial, residential, transport, industry and agriculture) in 2030 is expected to grow for
65% compared to 2006 level. Climate change is expected to increase these costs by up to EUR
263 million — especially due to increased demand for air conditioning during hotter summers.
Efforts can be made to reduce the consumption of electricity during both winters and summers
through various energy efficiency improvements.

Electricity production:

Hydropower production is already very vulnerable to changes in annual precipitation - vary-
ing from 600 to 1650 GWh of production per year. In general, climate change is expected to
decrease precipitation and therefore hydropower production. The planned investments in the
hydropower sector are quite large and should be examined to ensure they are “climate resil-
ient.” Additionally, energy efficiency measures can help to reduce consumption which can
reduce pressure to produce more energy.

Agriculture:

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 reduc-
tions on yields for winter wheat, grapes, and alfalfa if there is no irrigation. This study analy-
ses a number of crops in the Strezevo area and 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

9]
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less than for non-irrigated crops. A preliminary analysis of the Strezevo irrigation area indi-
cates that — if water is not the limiting factor — adaptation through irrigation may be a cost-ef-
fective measure even without climate change. This must be analysed on a case-by-case basis.
Additional measures such as crop-switching and changing farm management techniques can
also improve performances.

Building analytical capacity
The main recommendation to improve the analytical and institutional capacity for assessing/
analyzing the impact of climate change. Cross-sector collaboration to collect data as well as
develop models, tools and resources would improve understanding of the economic, environ-
mental and management aspects of these resources.

This will be necessary to better adapt to climate change and to better manage and plan the use
of today’s resources. This will require the involvement of Macedonian experts and a strategic
decision by the Government to support this analytical capacity-building.

Based on these findings the study recommends policy makers to focus policies on:
e Improving energy efficiency
e Ensuring that major investments are climate and resilient, and

e Developing better analytical and institutional capacity to evaluate and manage natu-
ral resources.

Executive Summary

Climate change is a cross-cutting issue that impacts numerous areas of the economy and so-
ciety. Changes in temperature will affect energy consumption patterns, crop yields, human
health and other areas. Changes in the water cycle will affect energy production, agriculture
for rain-fed crops, water availability for irrigation, the forestry industry and other areas.

All of these areas are important for economic and social development. For example, within the
country:

e Electricity is used widely for heating and cooling, with these two uses accounting for
69% of electricity use in the commercial sector in 2009 and 67% of electricity use in
the residential sector in 2009.

e Currently, approximately 20% of all electricity produced in the country comes from
hydropower.*

e Agriculture accounts for more than 9 percent of GDP in the country; agriculture plus
food processing represents 12 percent of GDP, while food and beverages represent 13
percent of exports.?

Policy-makers must respond to climate change with an approach which is also cross-cutting.
This means involving a number of stakeholders in different areas in a coordinated effort.

* Ministry of Economy 2010
Ministry of Environment and Spatial Planning 2008
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Policy-makers from various sectors must take climate change into account, or face the risk of
the policies being ineffective in a climate change-limited world.

Policy-makers must better understand the likely limits and impacts which climate change will
impose on their country. At a global level, various countries, regional, and international or-
ganizations are carrying out in-depth studies using sophisticated modelling techniques which
merge projections of climate data with physical impact models and then economic models to
better understand the impacts of climate change. In this country, very little economic analysis
has been done related to climate change impacts. Therefore, UNDP decided to carry out this
study which was mostly led by national experts with some international assistance. The build-
ing of in-country capacity should assist in improving related analyses such as the yet-to-be-
completed World Bank study which involves a large scale water resource assessment of the
impacts of climate change on Macedonian agriculture.

The goals of the process were:

1.

To identify the data and state-of-the-art models and methods needed to estimate the
economic impacts of climate change and the benefits and costs of adaptation in en-
ergy, water resources, and agriculture;

To assess the extent of the capacity in-country to develop and apply these data, mod-
els and methods to the country’s situation;

To use existing data, models and methods available to make some highly preliminary
estimates of the economic value of the physical impacts that were identified in the
National Communications; and

To suggest ways to improve the existing in-country analytical and institutional capac-
ity to estimate the economic impacts of climate change and the benefits and costs of
adaptation.

In this study, the economic impacts of climate change are investigated in three major areas:
energy demand, water resources related to electricity production, and agriculture. Case stud-
ies are used in each sector to indicate the trend of economic impacts of climate change. The
findings are used to give recommendations for developing analytical capacity which would
be “no regrets” — meaning that this capacity would help the country to manage its natural
resources and economic systems regardless of the severity of climate change. It is hoped that
carrying out this work has helped develop analytical and institutional capacity in the country.
The process of carrying out this study has provided national experts with some of the tools
needed to carry out further work on evaluating impacts of climate change in order to adapt and
reduce vulnerability.

[11]
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Energy use: economic impacts of climate change due to climate-
induced changes in space heating and cooling demands (Chapter 3)

This chapter examines how consumers might react to changes in climate by changing their
consumption patterns for heating and cooling. Although it is just one aspect of the energy
sector, there is general agreement among researchers that climate change will have a great ef-
fect in this area. These impacts could necessitate large changes for the energy infrastructure.

The key findings of the analysis were:

e Electricity demand will likely be influenced by climate change - especially related to
heating and cooling.

e Electricity demand for cooling during the summer is expected to increase, though
demand for heating during the winter may decrease.

e Energy efficiency measures would help to reduce the growth of demand which would
be beneficial regardless of how dramatically the climate changes.

In the Base Case (irrespective of climate change), by 2030, total electricity demand is pro-
jected to grow by around 52% - including a 72% increase in commercial electricity consump-
tion and a 46% increase in residential electricity consumption. This will particularly be due to
a large increase in the proportion of energy used for space cooling and heating — accounting
for 63.8% of the total projected increased consumption in the commercial and residential
sectors.

In the Base Case scenario in which no adaptation or mitigation measures are included and
which aims solely at minimizing generation costs, coal-fired power plants would increasingly
dominate the electricity sector. Hydro-electric capacity would increase only slightly. However,
this does not take into account GHG emissions mitigation, or increasing prices for carbon
emissions.

The total system cost for this increase in power production is estimated to be at EUR
14.87 billion over the course of the time period until 2030. This includes costs for invest-
ment in new generating capacity, delivery costs, operations and maintenance and fuel
supply costs.

Three scenarios were run for temperature changes with the following outcomes in terms of
climate change impacts:

e Forthe scenario with both a warmer summer and warmer winter — which is what most
Global and Regional Climate Models are predicting for the future — a 3.5% increase
in power demand is expected. This would result in an estimated additional EUR 118
million in total system costs.

e For the scenario with a colder summer and a colder winter, only a 0.3% increase in

power demand is expected. This would resultin only an estimated additional EUR 8.8
million in total system costs.
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e Forthe scenario with both a warmer summer and colder winter, an 8.0% increase in
power demand is expected. This would result in an estimated additional EUR 263.6
million in total system costs.

e Theincreases in electricity demand due to warmer temperatures in the summer and/
or cooler temperatures in the winter are far higher toward the end of the projection
period than in the beginning — meaning that the impacts on energy demand may be
more severe in the period after 2030.

Recommendations regarding adaptation and capacity building for electricity consumption

Some analysis was carried out to estimate the net benefits of adaptation, but modelling limi-
tations made conclusions difficult to come to. In general, efforts can be made to decrease
consumption of electricity during both winters and summers through:

e Energy efficiency measures such as improved building stocks;
e Improving heating and cooling devices; and

e Implementing differentiated metering according to peak times (with increased peak
retail consumption costs resulting in reduced consumption at peak times).

Research prepared for the National Strategy for the Improvement of Energy Efficiency shows
that energy efficiency measures are very cost-effective and cheaper in the medium-term than
new generation sources. In particular, reducing peak energy demands can have a dramatic im-
pact on overall costs for electricity production. A renewed focus on improving energy efficien-
cy can be seen as a “no regrets” adaptation measure to climate change which also results in
lower net GHG emissions. This is especially true since the Base Case involves a total cost of ap-
proximately EUR 14.87 billion for electricity production until 2030 and since the Macedonian
electricity system is already heavily reliant upon electricity imports to meet current demand.

The focal point for carrying out this recommendation would be the Ministry of Economy in con-
junction with the Energy Agency and potentially ESCOs to be formed within the country. UNDP
and various other international organizations have a strong track record in assisting countries
to stimulate these improvements.

Recommendations for improving analytical capacity in this sector mostly focus on improving
the existing model used. National experts used a model called MARKAL to assist in developing
and evaluating long-term energy plans. This model could be improved by:

e Adding a price-sensitive demand function which would make it possible to estimate
the changes in electricity demand if prices go up or down;

e Extending the planning horizon of the model beyond 2030 because large changes are
expected after that date;

e Incorporating the potentialimpacts of climate change on the supply of electricity (e.g.
due to reductions in hydropower;

e Incorporating differences in prices for production due to either the cost of GHG pollu-

tion, or due to projected decreases in the costs for renewable energy. 13|



14

| Assessing the Economic Impact of Climate Change — National Case Studies |

e Adding more “adaptation” technologies on the demand and supply sides of the mod-
el - including those that increase efficiency of production and/or consumption.

e Further examining the costs and benefits of adaptation — especially related to costs
of adjustment of the power production mix.

These improvements in analytical capacity could be carried out by the Macedonian Energy
Agency in conjunction with the various academic institutions already involved in this sort of
analysis as well as ELEM. The Ministry of Economy’s Department of Energy should be involved
by providing support and coordination where necessary.

Water resources and energy production: the climatic impacts
on power production in 2050 and 2100 using a case study of
Mavrovo hydropower plant (HPP) system (Chapter 4)

This chapter examines how climate change might impact hydropower production in the coun-
try. Although just one aspect of energy production, hydropower makes up a significant part of
the electricity production in the country. Additionally, many large investments are planned in
the hydropower sector and the plants are likely to be in place for decades — meaning they will
be impacted by climate change.

The key findings of the analysis were:

e Hydropower is and will be an important source of electricity for Macedonia.

e Power production varies widely due to variations in climate. Climate change is ex-
pected to reduce power production over the long-term.

e This would result in higher costs for energy production, since hydropower is a rela-
tively inexpensive source.

e Reducing growth in consumption through end-use energy efficiency would be a “no
regrets” measure to reduce any negative impacts.

e Large investments should be examined to ensure they are “climate resilient.”

Hydropower already makes a significant contribution to national power supply (10-20% of
total consumption with a capacity of around 581 MW). More plants are planned to keep up
with the expected fast-growing demand for energy — a total of six plants which will more than
double the hydropower plant output. However, these plans have not factored in the effects of
long-term climate change on hydropower generation potential.

Already, variability from year to year can result in drastic differences in hydropower produc-
tion. Nationally, the levels of production can vary from 600 to 1650 GWh — depending on cli-
mate conditions.? This demonstrates the current vulnerability of the power system to climate
variability.

3 Ministry of Economy 2010
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The chapter includes an in-depth analysis of the potential impacts of climate change on the
electrical output of the Mavrovo hydropower plant system. The Mavrovo hydropower plant
system was chosen because it is the largest in the country, has a typical hydrology and geo-
morphology and a simulation model of the Mavrovo system already exists.

The following are the main findings of the case study:

By 2050 under climate change scenarios:

e In low-precipitation years, hydropower production is expected to be 11.07
GWh lower than during low-precipitation years in the base case (averages
based on data from 1946 to 2007).

e In average-precipitation years, hydropower production is expected to be
8.94 GWh lower than during average-precipitation years in the base case.

e In high-precipitation years, hydropower production is expected to be 3.51
GWh higher than during high-precipitation years in the base case.

By 2100, climate change is expected to reduce hydropower production in all cases
compared to the base case - by 27.62 GWh for low-precipitation years, 30.45 GWh in
average-precipitation years, and 10.85 GWh in high-precipitation years.

The annual total system costs due to impacts from climate change on the Mavrovo
system alone are expected to be up to 2.54 million by 2050 and up to 7.14 million by
2100. This takes into account adaptation efforts to maximize power output from the
entire energy system while minimizing costs. However, given that power production
from coal-fired power plants and natural gas are likely to be much more expensive in
a carbon-limited world, this cost may be much higher.

Itis also projected that in years with low precipitation, it will not be possible to meet
the peak demand for electricity — though during medium precipitation and high pre-
cipitation years it should be possible to meet and even exceed system demands.

A reduction in production capacity and an inability to meet demand results in three
options — all of which are likely to be more expensive:

e Increase production from other, more flexible sources of power such as coal-
fired, natural gas-fired, oil-fired or biomass-fired plants. Most of these sourc-
es would lead to increased GHG pollution, and natural-gas fired and oil-fired
plants need imported fuel to produce power;

e Import the electricity from another country. This leaves the country reliant on
regional cooperation and vulnerable to price hikes depending on the situation;
or

e Cut off the electricity to some users at certain times. This would be an extremely
unattractive option as it would limit economic activity and likely cost even more
than the other two options in terms of negative consequences to the economy.

[15]



16

| Assessing the Economic Impact of Climate Change — National Case Studies |

Recommendations regarding adaptation and capacity building related to water resources and
energy production

Similar to the options discussed for electricity consumption, improved demand side man-
agement via end-user energy efficiency can also be a “no regrets” option to avoid damages
due to losses in hydropower production. These are actually the same measures described for
adapting to increased electricity demand due to climate change. For every MWh saved at peak
times through energy efficiency, there is additional spare capacity in the electricity produc-
tion system. This is especially important given the current state of the national electricity sys-
tem — which relies heavily on imports and relies on hydropower as a source of peak electricity.

A number of shortcomings in analytical capacity were identified. The primary shortcoming
was the lack of capacity to simulate the effects of climate variables on runoff4 in catchments.
This makes it more difficult to simulate the effects of climate change on runoff. Improving this
capacity would be a “no regrets” option as it would also assist with other water management
issues.

This type of analysis is probably best carried out by the Hydrometeorological Service of Mac-
edonia in conjunction with the Ministry of Environment and Spatial Planning. However, care
should be taken that if this sort of model is developed, it can be accessed for utilization by
researchers outside of the Hydrometeorological Service. It is also important to ensure that nu-
merous potential users are capable of using the model for their planning purposes. This could
include Elektrani na Makedonija, ELEM (electricity production company).

Agricultural sector: the climatic impacts on crop yields and net
farm incomes, in the long-term, using a case study of Pelagonia
Valley (Chapter 5)

This chapter examines the potential impacts of climate change on agricultural production.
Agriculture in the country employs nearly 10% of the population, although there is also high
rural unemployment. Furthermore, half the country’s food is imported, which means that any
reduction in domestic production could have ramifications for food security or at least the
country’s balance of payments.

The key findings of the analysis were:

e Without adaptation, climate change is expected to reduce crop yields due to tem-
perature changes and water cycle changes.

e Without adaptation, climate change damages may grow to become approximately
the same size or bigger than current net income - jeopardizing the economic sus-
tainability of farming in some areas.

4 Runoff is the water that flows over the ground and can be used for hydropower production.
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In the case study developed for the Strezevo irrigation preliminary analysis indicates
that - if water is not the limiting factor — adaptation through irrigation may be a cost-
effective measure even without climate change. This must be analysed on a case-by-
case basis.

As in much of the Balkans, land degradation is an important issue, which may be impacted
significantly by climate change. Climate change is expected to impact future crop yields and
water needs due to increased temperatures and less precipitation. The chapter analysed the
Strezevo irrigation project area in the Pelagonia valley as a case study to examine what im-
pacts are to be expected from climate change in the agricultural sector. The case study exam-
ined both irrigated and rain-fed lands. The chapter also carried out a preliminary cost-benefit
analysis of implementing the expansion of irrigation in the area.

In the Strezevo case there is sufficient water to meet increased demands if the areas
irrigated are expanded. This may be true of other areas where irrigation used to be
widespread in the country. This is due to significant amounts of land which are not un-
der irrigation because the system has fallen into disrepair and irrigation equipment
has been stolen for sale as scrap metal.

Without any adaptation, net income reductions (climate change damages) are ex-
pected forirrigated crops in the Strezevo irrigation area. These are projected to range
between EUR 840,000 and 1.2 million per year by 2050 — depending on the severity
of climate change. By 2100, these damages are expected to rise to between EUR 1.25
and 2.4 million.

Without any adaptation, netincome reductions (climate change damages) are expect-
ed for non-irrigated rain-fed crops in the Strezevo irrigation area. These are projected
to range between EUR 1.37 and 2.66 million per year by 2050 — depending on the
severity of climate change. By 2100, these damages are expected to rise to between
EUR 3.14 and 4.41 million.

Without adaptation, these climate change damages may grow to become approxi-
mately the same or bigger than current net income — jeopardizing the economic sus-
tainability of farming in some areas.

Recommendations regarding adaptation and capacity building for the agriculture sector

Autonomous adaptation — adaptation measures carried out by farmers without planned inter-
ventions — will likely reduce these climate change damages. These measures could include
changing crop mixes, shifting planting and harvesting times, etc. A “no regrets” option for
assisting this adaptation could be improving the knowledge and capacities of the farmers
and focusing on extension services to assist the most vulnerable rural agricultural producers.

An initial cost-benefit analysis in the Strezevo area also shows that — if the water is available
— it may be a cost-effective measure to increase irrigation. This can be done via public invest-
ment or, preferably, via partnerships with agricultural producers. Such a programme could

[17]
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be carried out by the Ministry of Agriculture. A thorough investigation of the cost-benefit of
this investment is still necessary. The World Bank, the EBRD, and other international finance
institutions may be interested to participate in such a study linked to a possible investment.

A number of shortcomings in analytical capacity were identified.

e First, there is limited capacity to simulate the impacts of climate change on crop
yields via crop models.

e Second, there is limited capacity to simulate changes in the hydrological cycle using
rainfall runoff models.

e Third, there is little sector-level modelling that has been carried out.

The adaptation of crop models is a “no regrets” option. Better understanding of the impacts
on crop yields of various inputs can help benefit the sector regardless of climate change. The
development of these crop models can be done through either an academic research pro-
gramme or via the Hydrometeorological Service.

Improved capacity to simulate changes and better model the hydrological cycle using rainfall
runoff models is a “no regrets” option. Building this capacity would assist in planning for cli-
mate change. It would also improve understanding of the impacts of precipitation on current
water availability for various uses (including irrigation and hydropower).

Additional analysis of the sectoris a “no regrets” option. This would include developing linear
programming models which can be used for analysing current and future farm management
and sector management options. It also includes further investigation of irrigation possibili-
ties to see if they are actually “no regrets” adaptation options. Finally, it includes expanding
the analysis to more agricultural areas in the country. This would likely involve an institu-
tion such as the Institute of Agricultural Economics of the Faculty of Agricultural Sciences and
Food, of the Cyril and Methodius University linked with capacity building assistance from an
international institution. Any models or data which are developed using public money should
be available for use by other institutions.

General Recommendations

In addition to specific recommendations for the sectors outlined above, the following recom-
mendations arise from this study as “no regrets” options for analytical capacity to evaluate
the impacts of climate change and develop adaptation measures:

1. Macro-Economic Model. A macro-economic model capable of providing consistent long-
term price and quantity forecasts such as a computable general equilibrium (CGE) model
should be developed for the country. However, it is important that the model be able to
address national developmentissues, specifically by requiring that the “entry points” into
each sector can realistically represent impacts that are related to the country’s develop-
ment plans and the impacts of climate change. These models can be developed through
contracts with multilateral and bilateral institutions, involving international and regional
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centres of expertise in this field. This sort of model should be developed in cooperation
with the Ministry of Finance.

2. Thereis a need to foster cross-sector collaboration to develop models, tools and resourc-
es that will improve the understanding of the economic, environmental, and operational
implications of climate change. It is recommended that the physical impact models and
related integrated environmental-economic assessment models for the country are devel-
oped over a period of five to ten years in line with the identified priorities. The models and
tools should be able to address national development issues, specifically by requiring
that the “entry points” into each sector can realistically representimpacts that are related
to the country’s development plans and the impacts of climate change. These models
can be developed through contracts with multilateral and bilateral institutions, involving
international and regional centres of expertise in this field. The particular national-level
institutions which must be involved are discussed above.

3. Data collection efforts should be fostered and coordinated with models development.
The case studies revealed data deficiencies in all of the sectors. In addition, an effort to
assess the impacts of climate change in forestry and health sectors failed due to a lack of
reliable data. The building of new databases where old ones have collapsed is underway
in many sectors, and this information is helpful for better management of these sectors
regardless of climate change. It is also recommended that data collection efforts by the
Government and model development efforts be coordinated. The Ministry of Environment
and Physical Planning could serve in the coordination role for these efforts.

4. Local expertise to conduct climate change economic impact assessments on its own
should be built. Developing capacity should focus on the long-run development of hu-
man capital in the country — rather than solely relying on outside expertise. One way to
try to ensure that the capacity is transferred is through training for national experts and
collaboration with relevant national institutions in sector-related fields with modelling
centres of excellence throughout the EU backed by multilateral and bilateral funding.

5. Results of the climate change impacts assessments should be used in updating the pol-
icy framework and getting private sector buy-in. A large institutional gap exists between
the public and private sectors in some economic sectors/industries. Where possible, the
Government should incorporate climate change impact assessments into sectoral plan-
ning and management policies and engage the private sector not only to recognize the
potential adverse economic consequences of climate change, but also to facilitate more
efficient actions by the private sector to adapt to climate change.

6. Climate risk management must promote resilience. Government development policies
should incorporate investment and resource management policies that are consistent
with sound adaptation planning, which addresses actual or potential impacts, identi-
fies vulnerabilities and capitalizes on the potential opportunities presented by climate
change.

7. Social dimensions of climate change economic impacts, such as employment effects,
should be explored, as well as socioeconomic impacts of implementing policies for na-
tionally appropriate mitigation actions.

[19]
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Chapter1 | Introduction

First and Second National Communications to the United Nations

Framework Convention on Climate Change (Macedonian Ministry of
Spatial and Physical Planning, 2003 and 2008). These studies identified
the potential climate change impacts in a number of sectors, as well as
some options for adapting to these impacts. In some cases, these studies
presented preliminary estimates of the magnitude of these impacts under
several different climate scenarios for some sectors. In a few sectors, very
preliminary efforts were undertaken to explain and/or estimate some of
the economic ramifications of these impacts. However, these national
communications lacked an in-depth discussion of how physical impacts
would impact:

The Former Yugoslav Republic of Macedonia has completed both its

e The economic welfare of producers, investors and consumers in
different economic sectors; or

e Overall indicators of economic activity such as gross domestic
product (GDP), personal consumption expenditures, private in-
vestment and government spending.

This study is envisioned as a way of filling in these gaps in the National
Communications while at the same time improving the capacity of nation-
al experts and institutions to estimate the economic impacts of climate
change and the benefits and costs of adaptation. It is intended that this
study will pave the way for more in-depth examinations of climate change
that will be able to link the physical impacts of climate change to economic
impacts and to the assessment of the benefits and costs of avoiding some
of these impacts (adapting). The study aims to indicate particular areas
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of vulnerability with an eye towards developing adaptation policies and programmes which
would be beneficial with or without climate change — “no regrets” measures.

Previous experience and current practice by economists suggests that this type of assessment
is difficult enough in developed countries such as the U.S. and the EU.5 It is even more diffi-
cult for countries in transition that have been buffeted by several decades of sudden political
changes and economic upheavals®.

After the break-up of Yugoslavia, the data and models as well as the analytical and institu-
tional capacity to plan and manage a centrally planned economy were swept away. Sectors in
which these data and models had played an important role in natural resource planning and
management were “privatized”. The practical capacity of government to perform many key
functions in some sectors was reduced. At the same time, the analytical capacity to develop
and implement natural resource and environmental planning has not been re-developed in
any systematic way. The management tools and the institutional capacity to use these results
in planning and management decisions in the public and private sector have also not been
re-developed.

In the past 5-10 years, partly in anticipation of joining the EU, the Government has launched
a set of policy initiatives that target important sectors for economic development. These ini-
tiatives have tried to balance environmental and economic objectives. In developing these
initiatives, there is a strong need for the country to redevelop the analytical and institutional
capacity to manage its natural resources. Accordingly, the Government has also launched a
number of initiatives in the context of its development policy to do just this.

In that general context, this study aims to accomplish four main objectives in the Macedonian
context:

1. To identify the data and state-of-the-art models and methods needed to estimate the
economic impacts of climate change and the benefits and costs of adaptation in en-
ergy, agriculture and water resources;

2. To assess the extent of the capacity in-country to develop and apply these data, mod-
els and methods to the country’s situation;

3. Touse existing data, models and methods available to make some highly preliminary
estimates of the economic value of the physical impacts that were identified in the
National Communications; and

4. Tosuggestways in which the existing analytical and institutional capacity to estimate
the economic impacts of climate change and the benefits and costs of adaptation in
the country can be improved.

It concludes with suggestions about how to improve the current capacity in the country.. It
also suggests how to use this information to inform public policy decisions and private sector
planning and management in natural resource-based industries.

5 Forthe U.S., see Mendelsohn and Neumann (eds.) (1999) and for the EU, Ciscar et al. (2009)
[22| ¢ See, for example UNDP Croatia (2009) for Croatia and Callaway et al. (2010) for Montenegro.
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This study consists of 6 chapters. After the Introduction in Chapter 1, Chapter 2 defines what
is meant by “economic impacts” and gives a brief explanation of how these impacts are es-
timated using integrated environmental-economic assessment models and macroeconomic
models. Chapter 2 also provides several justifications for making very preliminary calcula-
tions of the economic value of climate change damages using existing data and methods that
are available. Finally, it describes how models and methods can be useful not only to estimate
the economic impacts of climate change, but also can be useful in general as planning and
management tools in natural resource sectors.

Chapters 3 through 5 are devoted to individual sectors or impact areas.

Chapter 3 contains a country-specific assessment of the economic impacts of climate change
due to climatically induced changes in space heating and cooling demands in the country’s
energy sector.

Chapter 4 contains an assessment of the economic impact of climate change on the hydro-
electric sector through a case study of the Mavrovo Hydro Plant. The chapter describes the
simulation results of how climate change will reduce power production in 2050 and 2100 from
the Mavrovo hydropower plant (HPP) system. It includes quantitative values of these impacts
in terms of the additional cost imposed on the system by having to meet the same level of
energy demand despite reductions in hydropower generation capacity.

Chapter 5 contains an assessment of the economic impact of climate change on agriculture.
This chapter uses a case study of Pelagonia Valley to show how climate change might impact
crop yields and net farm incomes in the long-term, defined here in terms of the last half of this
century. The Pelagonia Valley case is chosen as representative of the agricultural sector in the
country to illustrate the potential effects of climate change.

The last chapter, Chapter 6, provides a number of conclusions focusing on the estimates of the
economic impacts of climate change in the sector chapters and capacity building to improve
these estimates. It ends with a number of strong recommendations drawn from the study.

[23]
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Chapter 2

The Economics
of Climate Change

Summary of Chapter 2:

The Economics of Climate Change

climate change - that climate change will likely alter the

supply and demand of many goods and services. This will
change prices. In many cases, climate change will decrease the
welfare of either consumers, producers, or both. The chapter
provides a brief explanation of how these impacts are estimated
using integrated environmental-economic assessment models and
macroeconomic models. These models simulate the interaction
between environmental and economic goods and services on the
macro and micro-economic levels.

C hapter 2 explores what is meant by “economic impacts” of

The chapter also provides justifications for making very preliminary
calculations of the economic value of climate change damages us-
ing existing data and methods that are available. These calculations
are helpful in identifying the potential scale of economic impacts
due to climate change as well as areas of vulnerability. Finally, the
chapter describes how models and methods can be useful not only
to estimate the economic impacts of climate change, but also can
be useful in general as planning and management tools in natural
resource sectors. The methodological tools and data used for esti-
mating the economic impacts of climate change are often the same
as those used for effective planning and management of natural
resource sectors.
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Background about the Economics of Climate Change—

information about the economic impacts of climate change and the costs and benefits

of adapting to it. Indeed they are already asking for it. It is a common misconception
that estimating the economic impacts of climate change is relatively easy to do — easier than
simulating the effects of increases in GHG emissions on the global and regional climates, or
easier than simulating the effects of regional changes in climate on the natural and man-made
environment and on animals and humans. Program managers in research fields related to
environmental pollution and climate change have tended to think of economic analysis as an
“add on” task that can be accomplished after all the “hard work” in the natural and physical
sciences is completed. This has led to the under-utilization of the full potential of economic
analysis in solving environmental problems. However, there has been a growing realization
that economic analysis should take a more prominent position in the process of solving
environmental problems.

Decision makers at all levels of government and in the private sector will need

The newer attitude has contributed to increased co-operation between natural and physical
scientists and economists in developing models that link natural and physical processes with
economic market principles. The resulting new generation of “integrated environmental-eco-
nomic models” can translate the physical impacts of climate change into:

e Monetary measures of these impacts;

e Impacts on sector- and macro-level measures of economic activity, income, employ-
ment, etc.; and

e Estimates of benefits and costs of reducing the physical and economic damages of
climate change through adaptation.

This chapter is about how economists define and estimate “the economic impacts of climate
change”. It is also about the importance of identifying and building the capacity to simulate
and estimate these impacts and how to build this capacity in a way that will benefit not only
climate change policy-making, but also policy- and decision-making related to natural re-
sources planning and management.

This chapter does five things:
1. It defines what economists mean by economic impacts.

2. Itdescribes how climate change impacts can affect economic markets, making it pos-
sible to value some - but not all — of the physical impacts of climate change.

3. It describes how models from the natural and physical sciences can be joined with
economic models to simulate the effects of climate change on markets.

4. It describes some short-cut approaches, such as those used in past studies and this
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study, to make preliminary estimates of these economic impacts and suggests how
these estimates can be helpful.

5. Finally, it describes a way of building analytical and institutional capacity based on
the principle of “no regrets” that can be used to address gaps in the analytical ca-
pacity to plan and manage economic development in many different sectors of the
economy, while at the same time being helpful for making decisions about mitigating
GHG emissions and adapting to climate change.

Brief Overview of the Economics of Climate Change —

The underlying theory for valuing the economic impacts of climate change in specific sectors
is the same as for valuing the damages of almost any environmental pollutant. This underly-
ing theory has been widely applied for many air and water pollutants in numerous settings
(Adams et al. 1985; Adams et al. 1986; Smith and Desvouges 1985; Carson and Mitchell 2004).
What makes climate change different, for policy purposes, from conventional air pollutants is
that a ton of GHG emitted from any location will have roughly the same forcing effect on global
and regional climates as from any other location. However, the global nature of the impacts
created by GHG-induced climate change is only relevant for mitigating GHG-induced climate
change impacts (i.e. reducing net emissions — commonly referred to as “mitigation”).

On the other hand, the impacts of GHG-induced climate change will be felt at specific loca-
tions. Therefore, adaptation measures to address impacts from climate change only yield ben-
efits in those specific locations. However, to the extent that adaptation actions are contingent
on climate change, their benefits and costs are influenced by successful mitigation of GHGs.
If emissions are reduced more, the climate will change less, climate change impacts will be
decreased, and the advantage gained by adapting versus not adapting will be decreased. If,
however, emissions are not reduced, the climate will change more, climate change impacts
will increase, and the advantage gained by adapting versus not adapting will be increased.

Changes in climate, no matter what the cause, have the potential to affect the goods and serv-
ices provided by the natural environment within many market sectors. For example, changes
in temperature and precipitation and a host of other meteorological variables influence the
growth and development of commercial crops, the amount of runoff that is available for use
from surface and groundwater sources by humans, animals, and industry. Changes in climate
can also directly and indirectly affect the flows of environmental services that attract tourists
to specific locations to engage in certain forms of recreation for their own enjoyment. You
can’t skiifthere is no snow and going to the beach is not much fun when the air temperature is
40°C plus and the water temperature is not far behind. You cannot enjoy hearing the birds sing
if they are gone. If climate change causes sea levels to rise, beaches can be lost and valuable
beachfront property inundated. These are just some of the examples of how climate change
can disrupt the flow of environmental services.

Whilst the physical damages of climate change are easy to explain and understand (but often
hard to measure) valuing these damages in monetary terms is less easy to understand. In
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some cases, climate change can affect the demand for a market good: it gets hotter and crops
and humans need more water to survive. In others, it can affect the supply of a market good:
crop yields can fall, water supply can be diminished, and beach opportunities for recreation
may be altered. In fact, climate change simultaneously influences both the supply and de-
mand for a market good: when it gets hotter and drier society generally needs more water, but
there is less of it available.

Climate change can impact the supply and demand of market goods, change the quantities
of some market goods and services that are produced and consumed, and alter the market
prices of these goods (see Figure 2-1). In many — but not all - cases, climate change impacts
will result in reductions in the production of some market goods and increases in their prices.
For example, a warmer, drier climate could reduce domestic crop production and increase
domestic food prices (depending on the situation in import markets). In other situations, a
change in climate can reduce the demand, and hence the prices of these goods or services.
This could happen in the case where much hotter weather makes beach recreation uncomfort-
able; tourists go elsewhere; and local accommodation prices fall.

Crop
Price
(@
(€/MT) %G
P, | S(C,)
P | !
R
Q.Q,Crop Production (MT)

For the supply curve of the crop with the existing climate S(Co), the market clearing price
associated with the demand curve for the crop D is Po€/MT and the quantity produced is Q,
MT. Climate change has the effect of making it more expensive to produce the crop at any level
of production. This is shown by the new supply curve S(C). Climate change increases the price
of the crop to P, €/MT and reduces production to Q, MT. The combined loss in producer and
consumer welfare in € is shown by the welfare triangle in bold, A. This welfare loss is called
Climate Change Damages (Callaway, 2004A)

Figure 2-1: Graphic illustration and text showing how economists measure climate change
damages in welfare terms
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What both of these cases have in common is that when production of a market good or serv-
ice falls, holding everything else constant, so do the profits of firms producing these goods
and services and so does the economic welfare of consumers. When the prices of goods and
services increase, this can help producers of market goods and services recover some of their
lost revenues due to reduced consumption, but it will always reduce the welfare of consumers.
The reduction in the economic welfare of consumers and producers of market goods due to the
impacts of climate change, without taking into account additional measures to adapt to these
impacts, is called “Climate Change Damages” (Callaway 2004a). Economists have a variety of
techniques for exploiting information about these climate-induced changes in market prices,
production and consumption levels to estimate climate change damages for specific sectors.
The flavour of this approach is shown diagrammatically in Figure 2-1, using the example of a
commercial food crop.

The same principles can be applied to valuing the benefits and costs of avoiding these dam-
ages through adaptation (Callaway 2004a, 2004b, 2008, 2009), but the diagrams to show
this are quite complex. The notion is that adaptation options, while they may not eliminate
— or even change - the physical impacts of climate change, can reduce some of these eco-
nomic damages. That is: they reduce damages (at some cost), and the net reduction in climate
change damages (the damages avoided by adaptation) are the “Net Benefits of Adaptation”.
The part of the area A that remains after adaptation has taken place is called the “Imposed
Cost of Climate Change”, or residual climate change damages. These are the climate change
damages that can’t be avoided, either because it costs too much to do so, or else is physically
impossible.

There are really two types of impacts of climate change:
e Welfare impacts — on consumers, producers and investors, and
e Impacts on indicators of economic activity.

Those impacts that are depicted in Figure 2-1 are called welfare impacts, because they are
based on measures of changes in the welfare of economic agents — producers, consumers,
and investors — due to market effects.

e These net changes in welfare measure the enjoyment that consumers lose or gain
when the price of a good and/or the amount they consume changes.

e They measure the changes in net returns to producers: the revenue they receive from
selling goods, less the cost of producing it.

e Finally, for investors these net welfare changes measure changes in the net returns to
investors over time, less their investment costs.

The measurement of welfare impacts on all these economic groups is based on a well-devel-
oped body of economic theory that tells economists not only how to measure them, but also
how to aggregate, disaggregate (and mis-aggregate) them?.

This study focuses on models and methods for measuring these welfare effects, specifically
on approximating the climate change damages due to some impacts of climate change, re-

7 A good textbook introduction is Just et al. 1982, Applied Welfare Economics, Prentice-Hall.
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lated to some economic activities (and human health), in some places and/or parts of an eco-
nomic sector. However, the preliminary quantitative estimates of climate change damages all
fall short of being true welfare measures. This is because the models, methods and/or the
data to make these calculations have either not been developed in or for the country or were
not readily available in published or other, easy-to-access sources.

Impacts on indicators of economic activity are also important to measure — perhaps more im-
portant than welfare impacts in the eyes of public policy makers and elected officials. These
impacts are related to changes in economic activity as measured by gross domestic product
(GDP), consumer expenditures (consumption), investment and government spending, etc.
Labour force participation, employment and unemployment are included in these impact
measures used in national accounting systems. Typically, these impacts are measured in the
macro-economy at the national level. Until approximately thirty years ago, Input-Output (10)
tables were the primary means of estimating these impacts (Miller et al. 1985). But these have
given way to computable general equilibrium (CGE) models, which contain a more realistic
representation of markets and their linkages (Kehoe and Kehoe 1994). In principle, both mod-
els can be used to simulate the transmission of the impacts of climate change on markets (as
shown in Figure 2-1) through the inter-industry structure of the economy to other markets in
other sectors.

An Introduction to Integrated Environmental-
Economic Assessment Approaches

Figure 2-2 is a graphic illustration of all the systems and linkages that can be (and often are)
included in an integrated environmental-economic assessment. It’s hard to know where to
begin, since it’s a matter of everything depending on everything else. However, as good a
place as any is in the box labelled “National, Regional and Global Economies”. This part of
the system actually needs several boxes to show the product and expenditure flows between
sectors and nations. These flows of goods and money act as “conveyor belts” for economic
impacts between sectors and within and between national economies.

The arrow labelled “Emissions” shows that these economies collectively produce GHG emis-
sions that are transported into the global climate system where they mix and their net forcing
effect on climate is determined by the mix of gases, the rates at which they oxidize, and how
large their forcing effect is. These forcing effects are then transmitted to local climate systems,
where changes in local climates interact continually with the global concentration of GHGs
to influence the local environment (both natural and man-made and, directly and indirectly
human health - not shown). These local impacts have the potential to shift both the supply
and demand for market goods and services in (mainly, but not exclusively) natural resource
sectors, such as agriculture, forestry, fisheries, tourism and recreation and water resources
(which overlaps and cuts across many different sectors). These impacts are then transmitted
from the natural environment to natural resource markets and sectors by changes in the flows
of environmental services, some of which are priced in markets and some of which are not.
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Adjustments to climate change in these sectors occur through adaptive management (and by
adaptive investments) that feed back into the local environment and change the flows of envi-
ronmental services back into natural resources sectors, completing the control and feedback
process of adaptation to climate change. Finally, the impacts of climate change, both before
and after the adaptive adjustments have taken place, are transferred to the local, national and
global economies through the conveyor belt(s) of inter-industry and inter-country commodity,
services and money flows. This completes the cycle.

Integrated Sector Model

Production, Consumption,
Investment, Prices, and

Regional Climate Climate Welfare
Model change Physical

: impacts on
Local SRpEE Demand

i Local
Climate and Supply
System Environment L%

Natural Resource
Markets

I Management

Inter-market
effects

- GNP,
Emissions National, GRP,

Regional and GDP,
Global Economies etc

Global Climate
System

Global Climate
Model

Macroeconomic
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Figure 2-2: Graphic illustration of the systems and linkages, globally and locally that
influence the impacts of climate change and adaptive adjustments to these impacts

Each of these systems or, in some cases groups of systems, are also represented by different
types of models that can be used assess the physical and economic impacts that occur in each
system. In fact, one type of model, known as Integrated Assessment Models (IAMs), captures
all of the systems and inter-linkages shown in Figure 2-2. IAMs are widely used to assess the
relationships between emissions policies, GHG emissions, climate change, climate change
impacts and adaptation at the global and regional level®. However, the level of physical and
economic detail in IAMs at the national and local level is often not adequate for assessing
and valuing climate change impacts and the benefits and costs of adaptation at appropriate
geographic or market scales, although there is much debate about where to draw the lines.

A number of the so-called economic sector models that are presented in this study have been
used in integrated environmental-economic assessments of climate change at the local and
national levels to estimate the effects of climate change on commodity markets, to value cli-
mate change damages in welfare terms and to estimate the benefits and costs of adapting to
climate change. Two additional examples of this type of modelling are presented in Box 2-1

8 See reviews by Wyant (1996), Kelly and Kolstad (1999) and Parson and Fisher-Vanden (1997) for a good overview of these
models and their uses.
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Box 2-1:
Examples of economic sector models related to climate change

Two examples of economic sector models related to climate change are two studies by Cal-
laway et al. (2008 and 2009) in the Berg River Basin in the Western Cape of South Africa.
For these studies, global climate models were used to generate information about climate
change over large areas in Africa. This climate information was then downscaled to the basin
level using a regional statistical climate model. A rainfall-runoff model was used to translate
distributed changes in precipitation and temperature around the basin into changes in run-
off, reservoir evaporation and plant water demands in irrigated agriculture for a number of
different climate scenarios. A spatially disaggregated hydro-economic model developed by
Callaway (2008) for the region was then used to simulate how these changes would influence
long-term investment in new dams (the Berg River Dam) and the operation of the system on
a monthly basis. Climate change damages were estimated for the basin without additional
investments in reservoir storage capacity. The benefits and costs of the Berg River Dam to
reduce these damages were also estimated, using a range of assumptions about the future
growth in water demand by Cape Town and irrigated agriculture in the Berg River Basin. A
key finding of this study was that changing the way in which water was allocated, rather
than building a new dam, produced the largest net benefits of adaptation and was the most
immune to climate risk. The finding was important because it highlighted the importance
of “no regrets” adaptation options as being both more economically efficient than climate-
sensitive measure and “safer” in terms of avoiding the adverse consequences of building too
much or too little additional storage capacity in the face of uncertainty about future changes
in climate.

The only type of model, shown in Figure 2-2, which the Berg River study did not include,
was a macro-model of the larger regional and national economy. Since this is the richest
agricultural region in South Africa, such a model could have been useful to project the ef-
fects of climate change and adaptation to climate change in the basin on local and national
employment and on local and national income due to the export of grapes, wine and decidu-
ous fruits, such as peaches, nectarines and plums. Adding such an analysis could also have
helped to estimate the climate change damages in the region, if the demand functions for
food in the model could have reflected up-market economic activity both in domestic and
export markets. However, tracking the monetary exchanges through these markets from food
producers to processors to food marketers and exporters and then to domestic grocery store
transactions and export food demand would not have added anything to the welfare calcula-
tions because all these transactions cancel out. Nonetheless, changes in these flows would
be of importance to policy makers interested in the distribution of the economic impacts of
climate change. A follow-up study for a larger area in the Western Cape is underway and a
macroeconomic model will be utilized to assess the impacts of climate change on various
indicators of regional and national economic activity.
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Making Preliminary Estimates of the Economic
Impacts of Climate Change: What can we learn——

One of the objectives of this study is to try to make preliminary estimates of climate change
damages in selected sectors (energy, agriculture and water resources). The estimates are
preliminary because in every case the data and models, as well as the specific educational
training and experience to develop and apply integrated environmental-economic models to
estimate these impacts is not well developed, if developed at all. At the same time, there does
not appear to be any |0- or CGE-based model for the country to estimate the economic impacts
of climate change on indicators of national economic activity. Without these two types of mod-
els and related databases, comprehensive and reliable estimates of either kind of economic
impact are just not possible at this time.

However, that does not mean that nothing can be done. In countries whose post- World War
Il experience has been dominated by political changes and economic upheavals, natural re-
source and social planners and managers in both the public and private sectors have made
important decisions with the information and models at their disposal. To say that no esti-
mates of the economic impacts of climate change can be made without detailed data and high-
ly sophisticated, state-of-the-art geo-physical, biological or economic models is not correct.
Such models may be able to generate more information that is more reliable and of greater
help to public sector policy and private sector decisions. But preliminary estimates, however
rough, still have their place in decision-making in both the private and public sectors until (or
if) better information is needed.

Making these kinds of preliminary estimates can accomplish three different things:

e First, preliminary estimates can reveal the general scale of impacts that might be ex-
pected.

e Second, making these kinds of preliminary estimates of climate change damages
(or impacts on indicators of economic activity) can help to locate “hot spots” and
“hot sectors” where damages may be especially severe and could spill over to dis-
rupt national economic development. For example, the agriculture and hydro-electric
power sectors have been targeted for aggressive development by the Government
and private sector. The results of this study, as partial as the analyses are, do tend
to indicate that climate change in the future (if not already) could impose limits on
this growth. Better data and models — physical impact models, sector models and
macroeconomic models — are required in all of these cases to confirm this. Also, simi-
lar results of the impacts of climate change on residential and commercial electricity
use indicated that will start to grow rapidly and possibly cause substantial economic
losses after 2030, or so, even though this was beyond the projection period used in
the analysis.

e Third, developing preliminary estimates of the economic impacts of climate change
can tell us how to strengthen the national capacity to estimate the economic impacts
of climate change and the benefits and costs of adapting to it. Performing preliminary I3l
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studies in co-operation with local experts and institutions can show what data and
models are missing and what data and models will and won’t work. This is one of
those cases were “failure” can be instructive.

From the perspective of all three of these types of results, preliminary estimates of the eco-
nomic impacts of climate change are worth making, despite their risks.

Analytical and Institutional Capacity to Estimate
the Economic Impacts of Climate Change,
a “No Regrets” Approach

Another of the objectives of this study is to assess the analytical and institutional capacity
to estimate the economic impacts of climate change. What is meant by analytical and institu-
tional capacity? What are the differences between the two? What is the best way to develop
these types of capacities in a country where, arguably, considerations of climate change may
be secondary to considerations of economic development?

First of all analytical capacity is the capacity to develop and use various types of data bases
and models discussed in this study to estimate the economic impacts of climate change. In-
stitutional capacity refers to the ability of natural resource and social planners and managers
in both the public and private sectors to use the information generated by the new data and
models to make better investments and policies that will reduce climate change damages. The
two do not necessarily go hand in hand and analytical capacity is probably easier to develop
than institutional capacity which has to filter through public and private sector institutions
before it gets adopted.

A bigger issue is why a country that is developing (or wants to develop) quickly should spend
time and resources to develop analytical and institutional capacity to evaluate the economic
impacts of climate change and the net benefits of adapting to it when, arguably, there are
more pressing social and economic development issues. This is where the concept of “no
regrets” enters the picture. A public or private sector policy or plan or law, or even a project,
has “no regrets” associated with it if the benefits associated with its implementation are posi-
tive, whether or not climate change occurs, and are also positive if climate change does occur.

Take, for example, two options for coping with climate change impacts on water supplies.
One option is to build more storage capacity while another option is to change the way in
which water is allocated. Changing the allocation system is a “no regrets” option if it results in
more efficient water use and increases the economic value of water in use whether the climate
changes or not. In that sense, it is good for economic development and it is good for coping
with climate change. Increasing water storage, however, costs a lot of money and it is impor-
tant to size reservoirs correctly, as the “optimal” size of a water supply reservoir can depend a
lot on climate change. So, there is always the possibility of experiencing “regrets” of building

34 @ reservoir that is either too big or too small, based on a future projection of climate change.
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A reservoir that is “too big” is one that can’t be filled and its full storage capacity cannot be
utilized when the climate changes. A reservoir is too small if water that could be stored, and
used later, has to be released downstream before it is needed. In the first case, the “regrets”
come in the form of excessive costs; while in the second case, the “regrets” come in the form
of lost benefits.

A no regrets approach to capacity building is the same as planning for climate change, as
shown in the above example. It involves developing the analytical and institutional capacities
to plan, manage, make policies and set standards, etc. in both the private and public sectors
that are generally needed to guide the economic development of a country and which are also
helpful for coping with climate change. In some circles this is known as a “win-win” situation.
Take the case of the water resources sector, once again. There are a variety of national devel-
opmentissues related to water resources and planning. The most obvious are plans to greatly
increase the generation of power by hydro-electric plants. Developing hydro-economic mod-
els (see Chapter 4) would be a great aid to water resource, agriculture and energy planners,
even without the issue of climate change to worry about. However, since climate change will
affect both the demand for electricity, as well as the supply of water used to generate elec-
tricity, such a model is also valuable for integrating the impacts of climate change into water
resources and energy planning.

[35]



| Assessing the Economic Impact of Climate Change — National Case Studies |

36



Chapter 3

The Economic Impacts
of Climate Change
on Energy Demand

for Space Heating and
Cooling

Summary of Chapter 3:

The Economic Impacts of Climate Change
on Energy Demand for Space Heating and Cooling

in climate by changing their consumption patterns for

heating and cooling. In the Base Case (irrespective of climate
change), by 2030, total electricity demand is projected to grow by
around 65% - including a 72% increase in commercial electricity
consumption and a 46% increase in residential electricity
consumption. The total discounted system cost for this increase
in power production is estimated to be EUR 14.87 billion over the
course of the time period until 2030. This includes investment
in new generating capacity and new demand devices, delivery
costs, operations and Maintenance and fuel supply costs. The
chapter analyses three scenarios for temperature changes in
terms of climate change impacts. Some analysis was carried out
to estimate the net benefits of adaptation, but limitations made
conclusions difficult to come to. Recommendations are also
provided for improving the analytical capacity in this sector —
including improving the capabilities of the MARKAL model which
is used to project costs of changing the power production system.

This chapter examines how consumers might react to changes
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Introduction: Background and Objectives

demand for energy for space heating and cooling. If the summers get hotter, this can

mean a greater demand for air conditioning — putting pressure on electricity grids.
At the same time, if the winters are milder, this can mean a lower demand for heat sources —
resulting in less pressure on electricity grids, on district heating units, or on biomass wood
resources. On the other hand, if climate change results in more extreme temperature days,
this can put pressure on energy resources for both heating and cooling over the course of a
given year. Daily differences in climate variables already have measurable impacts on energy
demand. Long-term trends of temperature changes due to climate change can have a marked
impact on what energy demand requirements will be — necessitating changes in strategic
decisions related to energy.

O ne of the main potential areas where climate change can have an impact is on the

There are four purposes of this chapter, as follows:

1. To explain how the energy model, MARKAL, was used to simulate the climate change
damages due to changes in outdoor temperatures due to climate change and then
simulate the net benefits of adaptation;

2. To explain how the scenarios were developed that linked projected changes in tem-
perature in the country to changes in outdoor temperatures, relevant for space heat-
ing and cooling;

3. Toexplain howthe estimates of changesin outdoortemperature were used to estimate
changes in heating and cooling degree days (HDD and CDD) and how these changes in
HDD and CDD were developed to reflect climate change damages in MARKAL in order
to estimate climate change damages and the net benefits of adaptation;

4. To detail other major assumptions and data inputs to MARKAL, particularly those re-
lated to the Base Case.

Methodology, Data and Scenarios

MARKAL: the Basic Model and Approach

The MARKAL (MARket ALlocation) Model is a dynamic optimization model developed by the
Energy Technology Systems Analysis Programme (ETSAP) of the International Energy Agency
(IEA)s. It depicts both the supply and demand sides of a national or regional power market. It
can be used to simulate both the short-run production and consumption of electricity, based

[38| ° Seegbregts, Goldstein, and Smekens (2001)
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on a given mix of electricity generation plants and distribution infrastructure, as well as in-
vestment in new generation capacity and distribution infrastructure over time.x°

Unfortunately, the model currently in use by national experts does not have the capability to
simulate electricity consumption along price-responsive (i.e., downward-sloping) electricity
demand functions. This means it is not ideal for the long term modelling that is needed for
climate change analysis. (See the functions, Do and D1 in Figure I-1 and Figure I-2 in Annex I).
Additionally, instead of maximizing the sum of producer and consumer surplus in all of the
demand and supply sectors of the national electricity system, it minimizes the net present
value of total cost. However, MARKAL can still be used to shed light on the impacts of climate
change on the supply side of Macedonian electricity sector.

For this, the methodological approach involved several steps:

1. Step 1 was to convert the temperature projections developed by Bergant (2006) into
changes in heating and cooling degree-days over the model horizon.

2. Step 2 was to develop demand projections for the MARKAL model to reflect expected
economic development under the current climate (i.e., the Base Case climate);

3. Step 3 was to develop “climate damage” scenarios to reflect different changes in the
pattern of seasonal heating and cooling degree days due to climate change;

4. Step 4 was to run the MARKAL model for each of the climate damage scenarios, hold-
ing the generation capacities of the various generating resources fixed at levels that
were determined in (and, therefore, optimal for) the current climate. This set of runs
was used to estimate climate changes, assuming only partial adjustment to climate
change;

5. Step 5 was to run the MARKAL model for each of the climate damage scenarios. How-
ever, in these cases, MARKAL was allowed to determine the cost-minimizing capacity
mix of generating resources to simulate supply-side adaptation through new invest-
ment in generation capacity that was optimal for the expected changes in heating
degree days in each of the adaptation scenarios;

6. Step 6 was to calculate the economic value of climate change damages as the differ-
ences in total system cost between the climate damage scenarios and the Base Case.
The net benefits of adaptation were calculated as the difference in total system cost
between the adaptation scenarios and the corresponding damage scenarios.

Modelling Changes in Outdoor Temperatures
due to Climate Change

Changes in daily air temperatures (min, mean and max) have been projected for the country
for the years 2025, 2050, 2075 and 2100 by Bergant (2006) by season. The information on pro-
jected mean temperatures was used to forecast the monthly average temperatures.

° The MARKAL Model for the country was developed in the framework of the USAID project “Regional Energy Security
and Market Development (RESMD) Strategic Planning. The model is maintained, modified, and used by the Macedonian
Academy of Sciences and Arts.
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The planning period in MARKAL Model is 2006 - 2030. Therefore, only the 2025- and 2050- val-
ues for the absolute changes (2C) in temperature (Table 3 from Bergant (2006)) were used to
calculate the temperatures from 2006 to 2030. Monthly temperature projections are needed
to calculate projected heating degree-days (HDD) and cooling degree-days (CDD) over the
planning horizon. Since the absolute changes (2C) in temperature in Bergant (2006) are for
30-year periods, Bergant’s study assumed that 2025 temperature value in the Base Case and
climate damage cases represented the temperature for the period 1996-2025, and 2050-value
is forthe period 2021-2050. Using this assumption, the average annual change in temperature
was calculated for each period, and projections of the monthly temperatures were developed
for each year of the planning period (the temperature projections are shown in Annex |, Figure

1-3.)

Linking Changes in Outdoor Air Temperature
to Changes in Heating and Cooling Degree Days
in MARKAL to Reflect Climate Change

The calculations of HDD and CDD for this study were made following the methodology used by
the District heating company, “Toplifikacija” in Skopje, as described in Annex |, Table I-3. This
approach has already been implemented in the Macedonian version of MARKAL and was used
for the sake of consistency.

Table 3-1 provides the adjustment factors that were the basis for the climate change damage
scenarios. One thing that quickly emerges is that the normalized HDD and CDD adjustments
that are used in MARKAL, based on Bergant’s projections, are actually quite small. The HDD
adjustments range from a reduction in HDD of about 1% to an increase of 3%, while the CDD
adjustments range from a reduction of about 2.5% to an increase of around 6%. This suggests
that space cooling will be more sensitive to the climate changes projected by Bergant (2006)
than space heating.

Table 3-1: Adjustment factors used in MARKAL Model, 2009-2030

C T ooo | zonn | aoss | aou0 | zoms | zoma | zom7] 2030
AdF1(HDD)= 0.996 0.996 0.996 0.996 0.994 0.992 0.992 0.992
AdF2(HDD)= 1.007 1.007 1.007 1.007 1.005 1.003 1.003 1.003
AdF1(CDD)=  1.047 1.044 1.041  1.039 1.050 1.061  1.056  1.052
AdF2(CDD)= 0.977 0.975  0.972 0.970 0.980 0.991 0.986 0.982

The last step in the process was to create the HDD and CDD adjustment factors to reflect cli-
mate change damages. A combination of HDD and CDD adjustment factors were calculated for
three alternative climate change damage scenarios using the information in Table 3-2. These
scenarios are defined qualitatively as follows (the quantitative adjustments can be seen in
Table 3-2):
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e Damage Case 1 (DC1): Hotter in Both Winter and Summer — Decreased demand for heat-
ing and increased demand for cooling, using AdF1 for HDD and CDD;

e Damage Case 2 (DC2): Colder in Both Winter and Summer — Increased demand for heat-
ing and decreased demand for cooling, using for using AdF2 for HDD and CDD;

e Damage Case 3 (DC3): Colder in the Winter and Hotter in the Summer — Increased de-
mand for heating and increased demand for cooling, using AdF2 for HDD and AdF1 for
CDD.

Other Assumptions and Data

The cost-minimizing version of MARKAL requires detailed information to build a Base Case.
Much of this information is related to developing bottom-up estimates of electricity demand.
In the absence of demand functions for electricity, MARKAL finds the cost minimizing long-run
investments in generation capacity and distribution infrastructure, as well as the optimal allo-
cation of short-run variable inputs and outputs that will meet the electricity demand estimates
for various years over the planning horizon of the model.

The Base Case was developed taking into account all available reports and studies for energy
development in the country. The energy resource potential of the country was analysed in
detail in the “Strategy for Energy Development of the Republic of Macedonia until 2030” (Min-
istry of Economy, 2010) and was considered as a key document. All available national data
sources (State Statistical Office, National energy balances, etc.) as well as some International
databases (IEA Databases — OECD/IEA 2008) were also considered for the key input data in
the MARKAL model. It is worth noting that the future temperature changes were not taken into
account in the development of the Base Case.

Figure 3-1 shows the assumptions for the GDP and population growth rates, which are the key
demand drivers used for energy demand projections in all energy sectors.
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Figure 3-1: Key demand drivers - GDP and population growth rates

[41]



| Assessing the Economic Impact of Climate Change — National Case Studies |

Figure 3-2 spells out the allocation of the future electricity demands in the commercial and
residential sector by end-use services for the Base Case.
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Figure 3-2: Electricity demand projection in commercial and residential sector for heating,
cooling and the total under the base case (ktoe)

The average annual growth rate of electricity demand in the commercial sector is about 2.3%.
This implies a roughly 72% increase in commercial electricity consumption by 2030. The av-
erage annual growth rate for the residential sector is lower, about 1.6%, leading to a 46%
increase in residential electricity consumption by 2030. This compares with an average annual
growth rate for commercial and residential electricity demand in the DC2 and AC2 (not shown
in Figure 3-2) of about 1.75%. By 2030, total electricity demand is projected to grow by around
52%.

Figure 3-3 illustrates how the shares of end-use services change over the planning period, in
both sectors for the Base Case for 2006 (inner ring) and 2030 (outer ring).
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Figure 3-3: Shares of end-use services in total energy demand in 2006 and 2030, for
commercial and residential sectors - Base Case
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Over this period, space heating is expected to decrease slightly from around 57% of total
electricity demand to 51% in the commercial sector, while space cooling is expected to in-
crease from about 6% of total electricity demand to almost 18%. In the residential sector,
space heating is also expected to fall as a share of total electricity demand from almost 65%
to about 59%, while the share of space cooling is expected to increase from about 2% of the
total to 5%.

Results

This section presents the main results for the following three sets of scenarios:

e Base Case (BC) - baseline development scenario which gives the optimal generation
capacity mix taking into account only country’s development plans (without climate
change);

e C(limate Change Damage Cases (DC) - scenario which introduces the climate changes by
adjusting the degree days in accordance with the national climate scenarios, while the
generation capacities are fixed to the optimal capacity mix from the Base Case;

e C(limate Change Adaptation Cases (AC) - scenario which establishes the optimal capac-
ity mix for adaptation to the climate change by allowing for endogenous capacity adjust-
ments in the model. (The climate changes are the same as in DC1, but the method of
adjustment to climate change is allowed to differ).

Base Case

MARKAL calculates two important pieces of information for the analysis of the economic im-
pacts of climate change. First, it establishes the system cost-minimizing investment levels in
generation capacity and optimal generating capacity mix that will be used to constrain capac-
ity adjustments in the climate change damage cases. Second, it establishes the total system
cost for the Base Case, which serves as a reference for measuring climate change damages
and the residual damages of climate change.

The optimal capacity mix for electricity generation that will satisfy the estimated future energy
demand in the Base Case is given in Figure 3-4. Coal-fired power plants dominate the Base
Case for the entire period, followed by the hydropower plants. Coal-fired capacity increases
starting in 2021, while hydro capacity increases slowly, pretty much throughout the entire pe-
riod. Oil fired generation capacity disappears after 2012 (due to retirement), while combined
cycle gas and renewable generation grow throughout the period, first replacing the lost oil-
fired capacity and then contributing to the general capacity growth of the system.
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Figure 3-4: Electricity generation capacity mix - Base Case

The total discounted system cost for the Base Case is estimates to be EUR 14.87 billion. The
growth in the energy system requires significant levels of new investment and payments for
fuels. The annual expenditures associated with the energy system are presented in Table 3-2,
where the growth in expenditure for fuel, operating power plants and devices, and the acqui-
sition of new power plants and devices can be noticed.

Table 3-2: Annual energy system expenditure by cost type* (EUR 1076), 2006-2030 — Base Case

—mmmmmm 2024 | 2027 m

Fuel Supply Costs 422 977
Delivery Costs (All 89 87 102 118 125 130 139 145 156
sectors)

0&M* Costs 27 8 18 29 40 48 56 64 72
(Demand devices)**

0&M Costs (Power 161 153 160 165 172 195 184 183 169
plants)

Annualized o 37 86 132 181 217 252 289 325
Investment (Demand

devices)

Annualized (o) o 28 62 74 119 179 224 268
Investment (Power

plants)

* 0 & M = Operations and Maintenance
** Demand devices are heating and cooling devices (such as air conditioning units)

|44] * The annualized investment costs associated with existing power plants and demand devices are not included.
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Climate Change Damage Cases

The optimal generating mix from the Base Case, as previously shown in Figure 3-4 was used
to constrain the capacity adjustment in the climate change damage cases in order to simulate
partial adjustment to climate change. The resulting changes in residential and commercial
heating and cooling demand can be seen in Table 3-3. The percentage changes shown in this
figure are relative to the Base Case. These changes in demand represent the impacts of cli-
mate change on residential and commercial energy consumers, allowing them to adjust to
climate change on both the supply and demand side using only the technology, policies and
know-how in the Base Case. No long-run adaptation is included. As expected the changes in
demand follow the pattern of the simulated changes in heating and degree-days (Table I-3 in
Annex ) and the corresponding adjustment factors introduced into MARKAL (Table 3-1).

The most interesting feature about Table 3-3 is that the cooling impacts, both positive and
negative, dominate the heating impacts in relation to the Base Case. That is: a change in heat-
ing degree-days has a larger impact on the commercial sector than the residential sector. This
is “as expected” due to the relative size of the two sectors in terms of their space air condi-
tioning use and the fact that space air conditioning in the summer is expected to grow more
rapidly in the commercial than the residential sector. However, note that while the percentage
changes in sectoral electricity demand in one of the sectors can be quite large (as high as 40%
to 50% relative to the Base Case) in many of the cases, the percentage change in the total
demand by these two sectors is generally quite small, especially in the first two cases (DC1
and DC2). In DC1 energy demand never increases by more than 3.5% in both sectors and in
DC1 never more than 1.1%. This is because the effects of climate change on electricity demand
in these two scenarios are offsetting. Only in the third scenario (DC3) are the climate impacts
reinforcing in way that increases in electricity demand in both sectors. In DC3, energy demand
increases slowly, relative to the Base Case, in response to climate change, reaching a level
where itis 8% higherin 2030. Finally, itis important to note that, at least in the two most likely
scenarios (DC1 and DC2), the increases in electricity demand due to warmer temperatures in
the summer and/or cooler temperatures in the winter are far higher toward the end of the
projection period than in the beginning. This is line with the temperature projections and sug-
gests that the MARKAL analysis needs to be extended farther into the future.

Table 3-3: Percentage change (from the Base Case) in residential and commercial and
electricity demand for the three Climate Change Damage cases, 2006-2030

|| [ 2006 2009 | 2012 | zo15 | 2018 | 2021 | 2024 | 2027 | 2030

Hotter in the Summer and in the Winter

gtfrir:mercial Cooling 0.0% 4.9% 9.9% 13.9% 17.8% 23.3% 30.4% 37.0% 45.0%
Heating 0.0% -02% 0.2% 0.7% 0.4% -1.2% -1.1% -2.8% -4.6%
DCa: Cooling 0.0% 3.8% 8.8% 13.2% 18.0% 23.7% 30.5% 38.2% 46.3%

Residential Heating  0.0% -0.2% -0.3% -0.2% 0.2% 0.2% -0.4% -0.1% -1.8%
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|| [ 2006 2009 | 2012 | 2015 | 2018 | 2021 | 2024 | 2027 | 2030

Colder in the Summer and in the Winter

gtfr;;l:mercial Cooling 0.0% -3.3% -5.8% -8.2% -10.5% -12.3% -13.3% -14.4% -16.6%

Heating 0.0% 0.4% 0.8% 0.7% 0.8% 0.0% 0.8% 1.3% 1.1%
DC2: Cooling 0.0% -2.5% -5.0% -7.5% -10.6% -12.5% -13.3% -14.4% -15.9%
Residential  Heating  0.0% 0.6% 0.9% 2.6% 1.9% 2.2% 2.5% 3.2%

Hotter in the Summer and Colder in the Winter

g(()::l:mercial Cooling 0.0% 4.9% 9.9% 13.9% 17.8% 23.3% 30.4% 36.9% 42.5%
Heating 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
DC3: Cooling 0.0% 4.5% 8.8% 13.2% 18.0% 23.4% 30.3% 37.5% 46.1%

Residential Heating  0.0% 0.6% 2.0% 2.8% 3.6% 3.6%

Figure 3-5 shows the absolute difference in electricity demand for the two sectors in each of
the three climate change damage cases. (These differences will also hold true for the adapta-
tion cases since the HDD and CDD are the same for both sets of scenarios in which the climate
changes). This figure makes it possible to see that, when hotter summers and winters are
expected (DC1) — which is what most Global and Regional Climate models are predicting for
the future — the impact on electricity demand will largely involve increases in space cooling
demand in the commercial sector, and to a lesser extent residential sector. What is interest-
ing about this scenario is that the reduction in space heating demand does not really set in
until 2030. The DC2 scenario, which simulates colder temperatures year-round, does not fit
the typical projections of Global and Regional Climate Models, nor Bergant’s data. However, it
does help us to see that when these conditions occur simultaneously, for example in a single
year or for several years in the context of climate variability, that the changes in heating and
cooling demands will be virtually offsetting and the net impact very small. DC3, on the other
hand, is more realistic in that combines the effects of warmer temperatures in the summer,
with colder winters. In portions of the country winter conditions are highly variable. Also in
parts of Europe, North America and Northern Asia, warmer summer temperatures have co-
incided with colder winter temperatures. The impacts of such a climate regime are shown in
the DC3 scenario. This is a “worst” case, conceptually, in that both space heating and cooling
demands will increase. Moreover, under these climatic conditions, the relative increase in
demand growth is larger in the residential sector than the commercial sector by 2030.
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Figure 3-5: Difference in the heating and cooling demand for the residential and commercial
sectors in the climate change damage cases compared to the Base Case

As previously mentioned, the version of the MARKAL Model used in this study minimizes the
total fixed (investment) and variable cost of building, operating, maintaining the infrastruc-
ture in the national power system. The demand for electricity in this version of MARKAL is
not simultaneously determined by the interaction between downward sloping demand curves
for electricity and the short and long-run supply curves for the electricity produced by the
system. It is not possible to determine how climate change impacts will affect the market-
clearing price of electricity, nor is it possible to determine the consumer surplus or producer
surplus welfare measures that are consistent with the price changes that occur in response to
climate change. What is possible to do is to calculate the minimum electricity system cost and
compare the cost with that in the Base Case. This would be an acceptable measure of climate
change damages in the case of a cost minimizing industry subject to demand constraints and
where the price of electricity is equal to the marginal system cost.

Table 3-4 presents the MARKAL estimates of the present value of the total system cost for
the Base Case and the three climate change damages cases, which are all in the range of
about EUR 14.8 — 15.1 billion. The difference between this cost in each of the scenarios and the
Base Case represents an approximate estimate of climate change damages under the condi-
tions described above. The system costs in each of the damages cases rises, relative to the
Base Case. This is be expected since the system was constrained in how it could adjust to
climate change, by the capacity levels in the Base Case, although the mix of resources allowed
to produce electricity was able to change. The increase in total system costs due to climate
change that were simulated using the MARKAL Model are relatively small, as low as 0.06% and
as large as 1.74% compared to the Base Case system cost. The relative magnitudes of these
damages conform to the picture presented in Figure 3-5 and are directly related to how much
energy has to be produced in each of the climate change damage scenarios to cope with the
changes in residential and commercial electricity demand due to climate change.
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Table 3-4: Present value of total system cost for the Base Case and Damage Cases (EUR 1076)

Base Case 14,869 --
Damage Case 1 14,987 - 118 (-0.8%)
Damage Case 2 14,877 - 8.8 (-0.06%)
Damage Case 3 15,132 - 263.6 (-1.74%)

Adaptation to Climate Change Cases

The previous section shows the physical and economic damages due to the impact of changes
in outdoor temperatures in the country on space heating and cooling demands for electricity.
In estimating these physical and economic impacts, the adjustment of electricity producers
was constrained by the generation capacity in the Base Case. This is the same thing as saying
the electricity producers remain on their short-run supply curves, as they try to adapt to the
increases in electricity demand. They can adapt partially to climate change with generating
resources they have, and they can invest in any new capacity that was not in the Base Case.
Additionally, efforts can be made to decrease peak consumption of electricity during both
winters and summers through energy efficiency measures such as improved building stocks,
improving heating and cooling devices, and implementing differentiated metering according
to peak times (with increased peak retail consumption costs resulting in reduced consumption
at peak times) — which can have a dramatic impact on overall costs for electricity production.

For the adaptation cases within this study, adaptation is treated generally as a process that
allows industries and firms to move from their short-run supply curves to the their long-run
supply curves and invest in new capital and equipment that is optimal for the adjustment to
climate change. This process is known as full adjustment. Rather than having to use just the
generation capacity they already have at their disposal, they can adjust their generating ca-
pacity and distribution capacity so that it is optimal for climate change. As such, an important
ingredient of the methodology used in this study is that MARKAL simultaneously selects the
long-run cost-minimizing mix of generating plants, their capacities, and operates and main-
tains the new and old plants consistent with short-run cost-minimization.

The heating and cooling degree days used in the Adaptation Cases are the same ones that
were used in the Climate Change Damage. However, they have been re-named as follows to
avoid confusion:
e Adaptation Case 1 (AC1): Hotter in Both Winter and Summer - Decreased demand
for heating and increased demand for cooling, using AdF1 for HDD and CDD;

e Adaptation Case 2 (AC2): Colder in Both Winter and Summer - Increased demand for
heating and decreased demand for cooling, using for using AdF2 for HDD and CDD;

e Adaptation Case 3 (AC3): Colder in the winter and Hotter in the summer - Increased
demand for heating and increased demand for cooling, using AdF2 for HDD and
AdF1 for CDD.
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The projected energy demands in the commercial and residential sectors for the analysed
period are the same as were used in the Damage Cases (See Table 3-3), since the HDD and
CDD adjustment factors (meaning the simulated climate changes) are the same in the Climate
Change Damage and Adaptation scenarios.

In this case, the possibility for endogenous adjustment of the capacity mix by the model gives
the new optimal generation mix (Table 3-5), which is different than the generation capacity
mix used in the Base and Climate Change Damage scenarios (Figure 3-4). The differences in
the capacity mix between the three adaptation capacity cases and the Base Case and Damage
Case Capacity generation capacity are shown in Figure 3-6, Figure 3-7, and Figure 3-8.

Table 3-5: Optimal generation capacity mix (MW) - AC1, AC2 and AC3

T | 2006 | 2009 | 2012 | 2015 | 2018 | 2031 | 2024 | 2027 | 2030

ACa Coal-fired PP 736 736 1036 1018 1109
Gas-fired CHP o 0 260 458 458 458 458 458 491
Hydro PP 536 536 603 704 732 761 844 919 1279
Oil-fired PP 198 198 198 o} o} o} o o o
Renewable PP 4 169 178 187
_---------
AC2 Coal-fired PP 736 736 1036 1018 1109
Gas-fired CHP o 0 260 402 402 402 402 402 486
Hydro PP 536 536 603 704 732 761 844 919 1279
Oil-fired PP 198 198 198 o} o} o} (o] o (o]
Renewable PP 4 113 190 209
_--- -----
AC3 Coal-fired PP 736 736 1036 1018 1109
Gas-fired CHP o} 0 260 463 464 464 464 464 484
Hydro PP 536 536 603 704 732 761 844 919 1279
Oil-fired PP 198 198 198 o} o} o} (o] 0 o
Renewable PP 172 178 187

The capacity adjustments vary quite a bit in each case. In AC1, virtually no capacity is dropped
- only small amounts of renewable between 2024 and 2030 — but modest amounts of com-
bined cycle gas-fired capacity are added (around 38 MW per period) in each period between
2015 and 2030 plus about 15 MW of renewables in 2021. This suggests that, at least in the AC1
case, it will actually be more expensive to adjust capacity to adapt to climate change, relative |,
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to the Base Case, than to do nothing. This only takes into account the adaptation options that
are characterized in the supply side of the MARKAL model and not the demand side.

The results for the AC2 case confirm to expectations that adjusting to climate change along
their long-run supply curves would make producers better-off (reduce their systems costs,
here) than using short-run measures. However, not only is this scenario the one with the
smallest climate change damages, but also the amount of capacity that is shed (mostly gas-
fired) compared to the Base Case (almost 600 MW in total) is greater than the amount of gas-
fired capacity added in the AC1 case!

The results for the AC3 scenario, which had the largest climate change damages, look very
much like the results for AC1. However, the capacity increases in each of the periods between
2015 and 2027 are around 25 MW/period greater than in the AC1 case In both cases, more gas-
fired capacity and, in 2021, more renewable capacity is added to cope with climate change,
however, the added increments of gas-fired and renewable capacity are about twice as great

as in AC1. This is not surprising, since the climate change damages are about twice as great
in AC3 as in AC1.

Difference in generating capacity - AC1 versus Base Case
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Figure 3-6: Difference in generating capacity between the adaptation case AC1 and the Base
Case
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Figure 3-7: Difference in generating capacity between the adaptation case AC2 and the Base
Case
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Ditference in generating capacity - AC3 versus Base Case
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Figure 3-8: Difference in generating capacity between the adaptation case AC3 and the Base
Case

Table 3-6 presents all of the climate change benefit and cost measures that were estimated in
this study to characterize the economic welfare impacts of climate change on the residential
and commercial sectors of the national electricity system in the country. The estimates of the
net benefits of adaptation for the three climate change cases were contrary to our expectations
for the two most economically “damaging” climate cases AC1 and AC3. The largest economic
losses (climate change damages) were associated with the climate case in which summer tem-
peratures were projected to be the warmest and winter temperatures were projected to be the
coldest (DC3). This much is common sense. The second largest climate change damages were
associated with the climate case in which it was hotter in both winter and summer (DC1).

However, in both of these cases, MARKAL projected that electricity producers would add more
capacity and shed very little to adapt to climate change and that this would be more costly.
However, since the demand for electricity (for heating and cooling only) in the climate dam-
age and the adaptation cases have changed compared to the Base Case, this reaction only
added to the utility’s cost without creating any benefits. Thus, as shown in Table 3-6, the net
benefits of adaptation were negative, but also very small — around one million Euros in both
cases. Since the net benefits of adaptation were quite small and the climate change damages
were relatively large in these two cases, the value of the residual damages that could not
be avoided by climate change were also larger than climate change damages by one million
Euros. Only the case in which it was projected to be colder in winter and summer (DC2, AC2)
showed positive net benefits of adaptation. In this case, climate change damages were an
order of magnitude smaller than the other cases (Table 3-6), but the benefits of adaptation
were twice as large. In percentage terms, shedding capacity in this case along their long-run
supply curves reduced climate change damages by about 22%, compared to less than 1% in
the other two cases.
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Table 3-6: Present value of total system cost for the Base Case and Damage Cases (EUR 106)

Case/Scenario System Climate Net Residual
Cost Change Benefits of Damages
Adaptation Damages Adaptation
Climate Case 1 14,988 14,987 -118 -1 - 119
Climate Case 2 14,875 14,877 -8.8 +2 +6.8
Climate Case 3 15,133 15,132 - 263.6 -1 - 264.6

These results lead to the question: why is the projected system cost higher in two of the adap-
tation cost cases (AC1 and AC3) than in the corresponding climate change damage cases (DC1
and DC3), given that the climate changes were identical in each “pair” (DC1 with AC1 and DC2
with AC2) and that the system was constrained to operate with the same generating capacity
in the climate change damage cases and the Base Case (but not the adaptation cases, where
optimal capacity adjustments were allowed).

There are several possible reasons for this:

1. The internal cost accounting framework in MARKAL which allowed relatively large
amounts of “variable capacity” to satisfy the growing demands in DC1 and DC2, but
without changing the system’s capital cost, while all of the capacity changes in AC1
and AC2 did involve changes in capital costs, thus changing the system capital costs.
This would lead to understating the magnitude of the climate change damages, likely
raising them to the point where the avoided damages (adaptation benefits) would
also be larger. This is the most likely cause.

2. The fact that the climate change damages were relatively small compared to the total
system cost could mean that MARKAL is somewhat insensitive to small shocks, al-
though if this were true, why would the cases DC2 and AC2 with the smallest demand
increases turn out to have lower full adjustment costs in the adaptation case and then
in the partial adjustment damage case?

3. The absence of price-sensitive electricity demand functions in MARKAL would make
it possible (and even plausible) for the net adaptation benefits in AC1 and AC3 cases
to be positive through the effect of increases in the price of electricity on consumer
demand that would have differential effects on consumer and producer welfare.

All of these possibilities require further investigation.
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Conclusions

The main objective of this analysis was to use the MARKAL Model to assess the impacts of
changes in outdoor temperatures due to climate change on the space heating demand for
electricity in the country by residential and commercial customers. Part of this involved es-
timating both the economic value of climate change damages due to these changes in tem-
peratures and the benefits and costs (or net benefits) of adaptation by changing the type and
amount of generating capacity needed to cope with the changes in demand.

Since most of the climate change studies done in the country, to date, have focused on mitiga-
tion, the results of this analysis help to fill an important analytical gap. This study also sheds
important new light on the physical and economic impacts of climate change on the Macedo-
nian electricity generation sector, but it also raised a number of questions about how to use
MARKAL to estimate the welfare impacts of climate change and the benefits and costs of adap-
tation. This was a first attempt and what was learned will be extremely important for preparing
future assessments, including the Third National Communication to the UNFCCC and beyond.

The main results of this study are:

1. For the projected changes in temperature, the changes in space heating and cooling
demands for electricity were relatively smallin the early part of the projection period,
but larger for the last ten or so years.

2. For the most likely climate change case (2) involving increases in winter and summer
temperatures, the increase in summer space cooling demand dominated over the re-
duction in winter heating demand, and the net increase — though relatively small -
grew larger over time.

3. The “worst case” in terms of climate change damages involved increases in summer
temperatures and decreases winter temperatures (case 3), as would be expected.

4. Climate change damages as measured by increases in total system cost increased
with the demand for electricity, over time, but were still relatively small.

5. Allowing the electricity supply system to adjust capacity “optimally” to climate
change did not always reduce total system costs, which was the opposite of what was
expected. In fact, in the two most relevant climate change cases, DC1/AC1 and DC3/
AC3, relatively large amounts of capacity were added in the adaptation cases to cope
with climate change, optimally, over time. Only in AC2 did adaptation reduce the dam-
ages in DC2, conforming to expectations.
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The Way Forward — Developing Future Capacity——

This was a preliminary study, one of whose major aims was to look inside the analytical ca-
pacity of national institutions to estimate the economic impacts of climate change. The study
demonstrated in a very positive manner that the tools and expertise to do this are, for the
most part, already in place in terms of the expertise in the Macedonian Academy of Sciences
and Arts and the MARKAL model. However, because the underlying capacity to assess the
economic impacts of climate change on space heating and cooling demands does already ex-
ist, the results of this study provide national researchers with some important challenges for
the future.

These future research challenges include:

1.

Adding Price-Sensitive Demand Functions to MARKAL. The economic theory for this anal-
ysis, described in Annex I, show how changes in temperature can shift electricity demand
curves and influence the market price of electricity. A full accounting of climate change
damages and the benefits and costs of adaptation would include changes in both con-
sumer and producer welfare. However, for this study, changes in electricity demands and
prices were not calculated by the model to be an outcome of market processes. To do
so would have required using the “Elastic” version of MARKAL, which allows the simu-
lation of market clearing along downward sloping (price-sensitive) demand curves. This
requires additional information about the demand curves for electricity in the country,
which is not currently available, namely: the price elasticity of electricity demands in the
different end uses and sectors in the model. To generate this information would require
a competent economic statistician (“econometrician”) to collect information about elec-
tricity end uses and prices from a number of households and merge this with new survey
information about the energy-using durable goods in commercial buildings. These data
could then be used to estimate demand the parameters of “empirical” regression equa-
tions for individual end uses and aggregate electricity demand in both sectors. The infor-
mation from this type of study would then feed into the MARKAL-ELASTIC model. However,
the type of project needed to generate this type of information might take as much as 2-3
person years of full-time effort plus the expenses of a survey of 300-500 households and
an equivalent number of commercial buildings. An interim alternative to this approach
would be to use this version of MARKAL to conduct a sensitivity analysis of electricity con-
sumption and production, climate change damages and the benefits and costs of adapta-
tion to different assumptions about these price elasticities of demand, obtained from the
literature. The capacity to do this currently exists in the country.

Extending the MARKAL Planning Horizon Beyond 2030. The results of this study showed
that climate-driven increases in residential and commercial electricity demand will in-
crease rapidly over time. This is consistent with the projections in Bergant (2006), which
show substantially increased temperatures, especially in the summers, by 2050 and 2100.
Extending the MARKAL model this far into the future involves a great deal of uncertainty
with respect to the economic drivers of electricity demand and the state-of-the art in both
generating and demand-side conservation technology. However, the fact that some forms
of generation capacity, particularly hydro-electric plants, take a long time to build and
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will operate far into the future will require some kind of advance warning built into the
planning process if electricity demands increase very rapidly. A first-look approach to this
problem would be to use the model in a “what-if” framework to evaluate future 30-year
periods, for example 2030-2060 and/or 2060-2090, etc.), assuming a range of economic
growth scenarios, but holding technological engineering parameters of the various gen-
erating technologies constant at today’s state-of-art. This would provide somewhat of an
upper bound on climate change damages and a lower bound on the net benefits of adap-
tation and would be a useful to place to start investigating the potential for judging just
how much capacity might be needed in the “distant” future to avoid developing too much
or too little capacity in the near “future”. The capacity to do this type of analysis currently
exists in the country.

3. Make the Analysis “Comprehensive”. This would involve adding two additional elements
to the study. First, since renewable resources (hydro-electric, biomass-fired, and wind
and solar electricity generating plants) are all likely to be influenced by climate change,
these supply-side impacts should be included in the MARKAL Model analysis. Of these
resources, hydro and biomass are, perhaps, the most important; hydro — because of the
influence of climate change on runoff that provides the pressure to run the turbines that
generate electricity and biomass because climate influences the net primary productiv-
ity (growth rates) of forests that will provide some of this biomass. At the current time,
the capability to estimate the effects of climate change on runoff in catchments in the
country using rainfall-runoff models does not exist. The capacity to estimate the impacts
of climate change on the growth rates of different forest species and forests types exists
for the Balkans, but the problem is that such studies are very long-term in nature and the
results are highly sensitive to a number of factors, making it generally difficult to forecast
changes in forest growth rates due to climate change alone. In fact, existing studies using
state of the art vegetation models suggest that forests almost everywhere in Europe and
North America are expected to benefit from the fertilizing effect of elevated CO, concen-
trations for the next 20 to 30 years before the drying effect of higher temperatures sets in
(IPCC 2007). Second, since the country is embarking on an aggressive policy to mitigate
GHG emissions, the impacts of these mitigation policies need to be factored into future
climate damage and mitigation assessments. This would be done by adding annual or
decadal GHG mitigation targets to the MARKAL model and allowing the model to achieve
the optimal capacity mix and electricity output that maximizes the welfare of producers
and consumers on the electricity sector and meets the mitigation targets. The capacity to
do this currently exists.

4. Adding Additional Adaptation Technologies on the Demand and Supply Sides of MARKAL.
MARKAL is a bottom-up model. This means that the supply-side and end-use technologies
in the model are represented as activities which have input-output efficiencies, capac-
ity limits, performance parameters and both fixed and variable costs both for generating
and consuming electricity and for generating GHG. Adding more of these activities — the
ones that are relevant to the country — increases the amount of potential adaptation and
mitigation that can be simulated by the model; however, the activities that the model
chooses as optimal for coping with climate change and/or meeting specific GHG targets
are selected based on satisfying economic conditions.
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5. Looking further into the Partial- and Full- Adjustment that was encountered in the Cur-
rent Study. In this study, allowing electricity producers to adjust their generating capacity
to adapt to climate change, as opposed to holding this capacity fixed at Base Case levels,
increased total system costs and this came as somewhat of a surprise. Some of the pos-
sible reasons have been listed and the finding out which is correct and explaining and/or
fixing this phenomenon is well within the current capacity of national researchers, given
additional investigations with the current version of the model.

On balance, then, extending the time horizon of the analysis (2), making it more comprehen-
sive by including mitigation targets (3), adding additional supply- and demand-side adapta-
tion and mitigation technologies, (4) dealing with the adaptation issue that appeared in this
study, and perhaps adding electricity demand functions based on existing information about
the general range of price-sensitivities of commercial and residential electricity demands, as
reported in the literature, (1) are the main improvements that could be made to this analysis
for the Third National Communication.
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The Economic Impacts
of Climate Change on
the Hydro-Electric Sector:

A Case Study of
the Mavrovo Hydro Plant

Summary of Chapter 4:

The Economic Impacts of Climate Change on the Hydro-
Electric Sector: A Case Study of the Mavrovo Hydro Plant

on Macedonian hydropower production. Climate change is

expected to have impacts on hydropower production due to a
change in the quantity and distribution of rainfall and snow melt.
The chapter examines the Mavrovo Hydro Plant system as a case
study to examine possible impacts from climate change. Already,
variability from year to year can result in drastic differences in
hydropower production. Nationally, the levels of production can
vary from 600 to 1650 GWh — depending on climate conditions. In
the Mavrovo Hydro Plant system alone, the annual total system
costs due to impacts from climate change are expected to be up
to 2.54 million by 2050 and up to 7.14 million by 2100. This takes
into account adaptation efforts to maximize power output from
the entire energy system while minimizing costs. A number of
shortcomings in analytical capacity were identified. The primary
shortcoming was the lack of capacity to simulate the effects of
climate variables — and subsequently climate change — on runoff
in catchments. Improving this capacity would be a “no regrets”
option as it would also assist in other water management issues.

This chapter examines the potential impacts of climate change
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Introduction: Background and Objectives

sequently hydropower resources is important for such country with a large hydropower

sector. The treatment of the impacts of climate change on water resources in both the
Firstand Second National Communications to the UNFCCC (2003 and 2008) is limited to a brief
discussion of recent historicaltrends. This chapterincludes additional analysis of the potential
impacts of climate change on water resources as they relate to hydropower production.

l I nderstanding the expected impact of climate change on water resources and sub-

The main objectives of this chapter are therefore:

1. To simulate how climate change will reduce power production in 2050 and 2100 from
the Mavrovo hydropower plant (HPP) system; and

2. To try to value these impacts in terms of the additional cost imposed on the system
by having to meet the same level of energy demand despite reductions in hydropower
generation capacity.

The hydropower sector was targeted for investigation because hydro-electric generation
already makes a significant contribution to the national power supply and more plants are
scheduled to be built to keep up with the fast-growing demand in the future. In addition, there
were good models, data and analytical capacity to simulate the hydrologic operation and pow-
er generation aspects of the Macedonian hydro system and other power plants in the larger
Macedonian energy supply system.



Chapter 4 The Economic Impacts of Climate Change on the Hydro-Electric Sector: A Case Study of the Mavrovo Hydro Plant

Methods for Valuing the Economic Impacts
of Climate Change on Hydro-Electric
Power Generation in the country*?

In this study, there are at least four important linkages and sets of relationships that have
to be characterized in order to simulate the economic impacts of climate change on hydro-
electric power generation. These include:

1. Therelationship between changes in temperature and precipitation on runoff into the
hydropower reservoirs;
2. The relationship between changes in runoff and reservoir storage (water elevation);

3. Therelationship between changes in storage (water elevation) and power generation;
and

4. The relationship between changes in hydro-electric power generation and the cost
and supply of additional power from other generating units in the system.

Items 1-3 are explored in Box 4-1.

Box 4-1:
Important characteristics of hydropower related to climate,
runoff and water availability

Before delving into the analysis of climate change’s impact on hydropower, it is useful to
point out a few important characteristics of hydropower related to climate, runoff and water
availability, as described below:

Changes in temperature and the amount, type and timing of precipitation will affect runoff
into a hydro reservoir. A reduction in precipitation and an increase in temperature (as pro-
jected in this case) will reduce runoff, as will a reduction in precipitation (unless the loss in
precipitation is offset by a reduction in evaporation through cooler temperatures).

A change in the type of precipitation (rain vs. snow) will affect the timing of the peak run-
off season. Water stored as snow takes longer to melt and become runoff, than precipitation
does.

Storage reservoirs act as a dynamic filter for runoff. The amount of storage increases as
runoff increases, but at some point the maximum capacity of the reservoir is reached and the
operators will have to release water. Alternatively, reservoir operators in the country must
release water (or let runoff pass through the reservoir) to maintain storage for flood flows.

2 This section is based on information gathered for a previous study by Callaway, et al. (2010), dealing with the economic
impacts of climate change in Montenegro. 59
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Multi-purpose reservoirs, where the timing of water supply and demand is also attenu-
ated further, complicate the operational problem. This is because storage for these uses can
compete with storage for hydro-electric generation.

In general, operators have specific preferences for water elevations given different cir-
cumstances. They will want the water in the dam to be at relatively high water elevations (to
provide more kinetic energy to drive turbines) when electricity is in high demand and lower
water elevations when there is less demand.

Finally, one must account for the economic “balancing” of the system, either (or both) in
the short-run and/or the long-run: In the short-run, the capacity of the generating and dis-
tribution system is fixed, so that decisions about how to make up for power losses are based
on short-run marginal costs. In the long-run, investment in new capacity and distribution
is variable and the balancing is based on equating long-run marginal costs with expected
economic benefits. It is from these economic calculations that estimates of climate change
damages can be computed.

What kind of models and data are needed to characterize these relationships and estimate
the economic damages of climate change due to the impacts of climate change on runoff into
hydro reservoirs? And what are the possibilities for using these approaches in the country,
given the current capacity of national experts and institutions to estimate the economic losses
due to climate change?

The following types of models would need to be used to conduct a complete analysis to es-
timate the economic impacts of climate change on the hydro-electric sector due to climate
change:

e Arainfall-runoff model to convert changes in temperature and precipitation into run-
off into system reservoirs;

e A reservoir operation model in the form of a so called “hydro economic model” or
more traditional, systems simulation model to determine when and how much water
to release through the hydro turbines to generate electricity; and

e Anenergy sector model to simulate electricity production from all units in the country
and imports to local and export demands.

Rainfall-Runoff Models and Hydro-Economic Models

Rainfall-runoff models simulate the effects of weather and climate on river discharges over an
entire catchment or larger river basin. To calibrate these models to a single catchment requires
observed data on discharges at gauging stations, recorded precipitation and temperature at
weather stations and other information on the morphological and geophysical characteristics
in a catchment or a larger basin. This information makes it possible to set certain parameters
of physically-based relationships needed to simulate the effects of weather and climate on
runoff for a specific reservoir.
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Hydro-economic models take this information about runoff and other information about the
impacts of climate change on reservoir storage and on the demand for water and simulate
the operation of the reservoir and conveyance system in the basin over time and space. The
models can then use this information to maximize the net economic returns due to water use
under alternative allocation systems. The number and type of water uses in the model can vary
depending on the situation.

These two types of models are discussed in greater detail in Annex II.

Hydro-electric generating plants are easily encompassed in this framework. The amount of
power that can be generated from a given plant over a given period of time is based on the
initial storage at the start of the period, on the change in storage over the period and on the
capacity and other operating parameters of the plant.

Hydro-economic models are always built from the bottom-up, using a unique approach for
every basin and they require a fairly good knowledge of optimization modelling techniques to
build them. However, in recent years, several new modelling systems have been developed
to do physical basin modelling for policy purposes that are much easier to build due to very
user-friendly geo-referenced interfaces.

One of these is the Water Evaluation And Planning model (WEAP). It would be relatively easy
to set up WEAP to model all of the individual hydro-plants and reservoirs in the country in
order to estimate the economic impacts of changes in runoff due to climate change. It would
also be possible to estimate climate change damages and the costs and benefits of some type
of adaptation options, under somewhat restrictive economic assumptions about electricity
demand. An advantage of WEAP is that it is easy to modify the characteristics and location of
hydro plants and demand levels, as well as a number of other parameters. It is also very easy
to play “what if” games to test various assumptions. Accordingly, it is being more and more
widely used in climate change studies and is currently being used by the World Bank to con-
duct a large scale water resource assessment of the impacts of climate change on the country
agriculture.

Hydro-Generation and Energy Sector Models

Both hydro-economic models and WEAP-like models could be developed and used to simulate
the effects of climate change on investment and operation of hydropower plants in the coun-
try. However, neither of these types of models could be used to determine how this would
affect investment and operation of other power plants in the country. To do this would require
an energy model of the national power system as a whole.

There are basically two kinds of models that can be used for this purpose: short-run and long-
run models. The difference is that short-run electricity system models simulate the operation
of the system over hourly, daily or monthly periods with its generating capacity and distribu-

3 http://www.weap21.org/index.asp?doc=04

14 See Strzepek 2011
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tion system fixed. Whilst long-run models can do this (usually at a larger time step) and they
can also simulate investment in new capacity and distribution.

The country has both kinds of models. The short-run model, OPTimization Model (OPTIM) (Cau-
sevski and Bosevski, 2003 and 2004), is very interesting because it simulates the operation of
all hydro-reservoirs and associated hydropower plants and run-of-river hydropower plants in
the country on variable time steps, as short as an hour over a period of one year. It also simu-
lates the operation of all other types of power plants (thermal, fossil fuel). In the model, the
hourly and daily loads over the year are fixed and the model decides which plants satisfy the
load based on available and expected generating capacity and minimum total cost. The model
is somewhat unique in thatitincludes, jointly, the hydrologic operation of the reservoir, along
with power production from all generating resources. It should be noted, however, that while
it is possible to adjust basin runoff into the various hydropower reservoirs in the system, the
OPTIM model cannot simulate the climatic and hydrologic processes that govern runoff itself.

The long-run model available to national experts is the MARKAL model, which was used in
the previous chapter covering the economic impacts of climate change due to changes in the
climate-driven demand for space heating and cooling. MARKAL is a multi-year model that runs
on a monthly time step. It can be used to determine the retirement of existing plants, the dis-
tribution infrastructure and the long-run cost-minimizing mix of generation and distribution
resources that will replace the older units to meet future electricity demands. MARKAL also
simulates monthly power production by each of the generating units that are available. While
it does contain a hydro-electric generating sub-sector, the available maximum capacity of the
hydro plants in each month of the planning period must be based on information obtained
from OPTIM.

Evaluating the Capacity to Estimate the Economic Losses due to
Climate Change in the Hydro-electric Generation Sector

The capacity of experts and institutions to estimate the economic losses due to climate change
in the energy sector, with a special focus on providing additional water for power generation
to adapt to climate change, can be broken down into the following parts:

e C(apacity to simulate the effects of climate change on runoff;

e Capacity to simulate the joint hydrologic operation of the reservoir and power produc-
tion by a hydro-electric power plant (HPP);

e (Capacity to optimally “balance” energy supply and demand across the entire generat-
ing system; and

e (Capacity to estimate the value of the climate change damages due to changes in run-
off and the benefits and costs of adaptation measures to avoid some of these dam-
ages.
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Capacity to Simulate the Effects of Climate Change on Runoff

MIKE SHE is an advanced integrated hydrological modelling system that simulates water flow
in the entire land-based phase of the hydrological cycle from rainfall to river flow, via various
flow processes such as, overland flow, infiltration into soils, evapotranspiration from vegeta-
tion, and groundwater flow. According to various actors, some initial capacity was built to
calibrate and use the MIKE SHE model in the country. However, this initial capacity appears to
have been lost.

Therefore, there is no systematic way to relate changes in temperature and precipitation at
any time step or scale to runoff. Several local experts attributed the failure to use the MIKE
SHE model to the poor quality of the climate and discharge data needed to calibrate the model
and to the fact that the hydrology of many catchments areas (high elevation with steep slopes
and very high energy discharges) made it difficult to calibrate the model. These issues need
to be further investigated.

Capacity to Simulate the Joint Hydrologic Operation of Hydro-
Reservoirs and Power Production by an HPP

This capacity exists in the form of OPTIM, which is currently maintained and used by various
faculty members of the Macedonian Academy of Sciences and Arts. The model has been un-
dergoing a series of refinements that have been published and was recently used in the Sec-
ond National Communication to the UNFCCC to investigate how the country could reduce GHG
emissions by increasing the capacity of renewable resources, including hydro-electric plants,
to displace fossil fuel plants.

Capacity to Optimally Balance Energy Supply and Demand across
the Entire Generating System

This capacity also exists in the form of OPTIM, which is a short-run model of the Macedonian
electricity generating system, and MARKAL, which can function as either a short- or long-
run model, depending on how investments in new generating and distribution capacity are
treated. The OPTIM model can be used to supply information about the capacity of the hydro
system (based on hydrologic conditions) to the MARKAL model. Both models are maintained
at, and used extensively by, members of the Faculty of Electrical Engineering & Information
Technology in Skopje and of the Macedonian Academy of Sciences and Arts.

Capacity to Estimate the Economic Value of Climate Change
Damages and the Adaptation Benefits and Costs of Avoiding
some of these Damages

Both the OPTIM and the MARKAL models are least-cost optimization models with exogenous
prices. Neither model incorporates the downward sloping demand functions of consumers
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for energy service, or for energy (the demand which is derived from the demand for energy
services). However, both models can provide estimates of these metrics consistent with the
assumption of a cost minimizing producer. In the case study that follows, measures of re-
placement cost and the change in total system cost were used to approximate climate change
damages and were compared. This is not exactly correct, but more theoretically correct meas-
ures of changes in short-run profits were hard to develop from the model output data bases.
This, hopefully, can be remedied in the near-future.

The Mavrovo Case Study

Existing hydropower plants in the country, with a capacity of around 581 MW, currently supply
from 10 to 20 per cent of annual average energy consumption in the country, depending on
energy demand and hydrologic conditions. Of the existing HPPs, roughly 94 per cent of the
generating capacity comes from seven large hydropower plants, while the remaining 6 per
cent comes from 10 small hydropower plants. With an expected average annual growth rate
in energy demand of about 2.5 per cent, the country has plans to add six new large HPPs with
a total installed capacity of 690 MW. However, these plans have not factored in the effects of
long-term climate change on hydropower generation potential of existing and new plants due
to future reductions in the magnitude and seasonal distribution of runoff due both to reduced
precipitation and higher temperatures, especially in the second half of the century (Bergant
2006).

In that context the purpose of this study was to try to analyse the impact of future changes in
precipitation on runoff and the resulting impact on power generation. Presumably, decreases
in precipitation and higher temperatures will reduce runoff available to the HPPs and this, in
turn, will result in reduced water storage and pressure head to drive the generating turbines,
resulting in reduced capacity to produce electricity. In this case, the lost generation will have
to be replaced by either imported electricity or electricity generated by other types of power
plants, principally coal- and oil- or natural gas-fired plants.

To look at this set of issues, it was decided to focus the investigation on the hydro system.
Mavrovo, and apply what was learned in this analysis to help improve the capacity of national
experts to do more thorough studies in the sector.

The Mavrovo energy system was selected for this exploratory study for several reasons:

e The system is the largest in the country, consisting of three HPPs and a large storage
reservoir.

e The hydrology and geomorphology of the Mavrovo basin is fairly typical of existing
and potential hydro sites.

e Asimulation model of the Mavrovo system is available for use by the project.
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The Mavrovo hydro system (See Box 4-2) is composed of three HPPs (Vrutok, Raven and Vrben),
which together have an installed generating capacity of around 200 MW, representing about
35 per cent of the country’s total hydro-electric generating capacity. The total contribution of
the Mavrovo hydro energy system to average annual electricity production in the country is
around 488 GWh, or almost 34 per cent of the whole hydro generation.

Box 4-2:

The Mavrovo System

Figure 4-1is a schematic diagram of the Mavrovo system, which was originally constructed in
the 1950s. As shown, the Mavrovo complex is a cascade system. The first plant in line is HPP
Vrben, which is rated at 12.8 MW. After passing through the Vrben powerhouse, runoff is dis-
charged into Mavrovo Reservoir. This is a large, multi-year, storage reservoir with an average
annual capacity of 270 million m3. It receives most of its runoff from catchments in the Shara
Mountain region. Water that is released from the Mavrovo reservoir then travels by gravity to
HPP Vrutok (150 MW) and from there to HPP Raven (19.2 MW). The discharge from the Raven
power house flows into the River Vardar that flows through Skopje. The system is intercon-
nected through power lines to the national power grid.

Inflow » 1450 a.s.l.

MAVROVO HPP Vrben

Reservoir

1231 a.s.L

=

- HPP Vrutok
[é HPP Raven
657 a.s.l

Figure 4-1: Schematic Diagram of Mavrovo Hydroelectric Generating System
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Models, Methods and Data

The model used in this exploratory study case — OPTIM — was originally developed by Bosevski
and Causevski (1996) and has undergone a number of new developments over the years, as
documented in Janicek et al. (2008). It is a dynamic optimization model of a complex electric
power system, including hydro-electric generation and all other generating resources. The
objective of the model is to manage the hydro system such that least-cost energy is used to
meet the hourly electricity demand, taking into account the operating conditions of the power
generating stations. The model includes energy balancing, the power balancing in each time
interval, as well as water balancing for the hydropower plants.

The Methodology for this study consisted of three parts:
e Developing Base Case data;
e Introducing climate change in the analysis; and
e Estimating the economic value of climate change damages.

Base Case

The purpose of the Base Case analysis was to establish a reference for runoff and power gen-
eration that coincided with current climatic conditions and to establish the electrical loads
that the system would have to meet in the present and the future. For this analysis, climate
change impacts on electricity supply, as presented in Chapter 3, were not taken into account.
The load profile for electricity demand in the country is based on historical consumption pat-
terns obtained by using the database for historical consumption (see Figure 4-2).

Box 4-3:
Load Profile for electricity demand in the country

The load profile for electricity demand in the country is based on historical consumption pat-
terns obtained by using the database for historical consumption. The base year is 2010 where
the annual electricity needs are 9500 GWh and peak load (in December) is 17700 MW. The pro-
jected electricity needs for the period until 2100 can be divided into 3 scenarios depending
on growth rate: low, medium and high growth. The growth rate and annual electricity demand
for three scenarios are shown in Figure 4-2. The growth rates used in these projections are
larger until 2030 (1.5, 2.0 and 2.5%) and after that the growth rates are smaller until 2100
(1.0, 1.5 and 2.0%). These predictions are made based on economic development studies for
the country and on the national energy strategy of 2010.
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Figure 4-2: Projections of Annual Electricity Demand for 2050 and 2100

The Base Case climate was assumed to remain constant over all periods (current, 2050 and
2100). The calculation of the electricity generation of each HPP is based on water inflow (run-
off) and other parameters. The databases of all HPPs consist of average monthly inflow for the
period from 1946 until 2007. Based on the water inflow of around 60 years, the inflows are
divided into 3 hydrology representatives:

e Representative of dry hydrology (low runoff) with 14 % of the driest years;

e Representative of average hydrology (average/medium runoff) with 74 % of the aver-

age years; and
e Representative of wet hydrology (high runoff) with 12 % of the wettest years.

The representative of the dry, average and wet hydrology years is made with the water month-
ly database of each HPP sorted by ascending order of the average yearly inflow. Figure 4-3
gives the representatives for the minimum, medium and high runoff for the entire system.

Base Case Runoff for Mavrovo Reservoir for High, Medium and Low
Precipitation Conditions
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Figure 4-3: Monthly runoff for the Base Case (Current Climate) for low, average (medium) and

high precipitation Conditions 67
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Results for Climate Change Analysis:
Runoff and Electricity Generation

To introduce climate change into the analysis, it is necessary to change the runoff available
to the Mavrovo part of the electricity supply system in the model. To project the runoff for the
Mavrovo hydro system one must take into account the fact that the Mavrovo hydro system is
located on north-western part of mountain region where the main water comes from melting
snow of Shara Mountain. This means that the runoff season for the Mavrovo reservoir in the
spring (April, May and June) is due largely to snow melt, while runoff in winter period (from
December until March) is mainly from snow precipitation as precipitation and not snow melt.
The runoff for other periods of the year is mainly from rainfall.

Following Bergant (2006), the closest meteorological station to the Shara Mountain water-
sheds is the Popova Sapka weather station, located in a sub-alpine climate. The projected
runoff values for 2050 and 2010 for the low, average/medium, and high precipitation condi-
tions were determined by normalizing the changes in precipitation at this site (as projected by
Bergant) and applying these percentage changes to runoffs.

Climate Change Impacts on Runoff

The runoff projections for the three sets of precipitation conditions share three things in com-
mon. First, runoff in March, April and May is projected to increase (or at least not decrease) in
2050 and 2100 relative to the Base Case. Since the amount of runoff that occurs during this pe-
riod is larger than for any other 3-month period during the year, this increase will have a sub-
stantial positive impact on both inter- and intra-annual reservoir storage. Second, projected
runoff in all of the remaining months is reduced by climate change in 2050 and 2100 relative
to the Base Case. Finally, the net effects of these changes in runoff on average monthly and
annual runoff are most severe under low precipitation conditions and least severe under high
precipitation conditions. In fact, the projected change in average monthly and annual runoffis
actually positive for 2050 under high precipitation conditions. This makes sense, because the
dryer the soil, the lower the percentage of precipitation that becomes runoff and the higher
the percentages that infiltrate the soil and are evaporated or percolate to groundwater.

Box 4-4:
Results for the Climate Change Analysis: Runoff

The projected runoff changes are shown for 2050 and 2100 are shown below for the low runoff
scenario (Figure 4-4 the average/medium runoff scenario (Figure 4-5), and the high runoff
scenario (Figure 4-6). The Base Case values are shown in each of the projections for the case
of comparison

5 The preferred method would have been to use a rainfall runoff model as discussed previously in this chapter. But no such
model available was available to the study and the local capability to calibrate such a model is extremely limited.
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Projected Monthly Runoff for Mavrovo Reservoir, Low Precipitation
Conditions: Base Case with No Climate Change and 2050, 2100 With
Climate Change
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Figure 4-4: Monthly Runoff for Mavrovo Reservoir for Low Precipitation Conditions in 2050

and 2010 (With Climate Change) Compared to the Base Case (Without Climate Change)

Projected Monthly Runoff for Mavro Reservoir, Medium Precipitation
Conditions: Base Case with No Climate Change and 2050 and 2100
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Figure 4-5: Monthly Runoff for Mavrovo Reservoir for Medium Precipitation Conditions in

2050 and 2010 (With Climate Change) Compared to the Base Case (Without Climate Change)
(m3/sec)
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Projected Monthly Runoff for Mavrovo Reservoir, High Precipitation
Conditions: Base Case with No Climate Change and 2050 and 2100

with Climate Change
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Figure 4-6: Monthly Runoff for Mavrovo Reservoir for High Precipitation Conditions in 2050
and 2010 (With Climate Change) Compared to the Base Case (Without Climate Change)

Table 4-1: Projected Runoff for Low, Medium and High Precipitation Conditions for the Base
Case (No Climate Change) and 2050 and 2100 (With Climate Change)

Monthly Average Runoff (m3/sec) % Change

Base 6.03 -
2050 5.81 -3.53%
2100 5.45 -9.58%

Base 9.66 -
2050 9.51 -1.52%
2100 9.12 -5.56%

Base 13.15 -
2050 13.24 0.63%
2100 12.96 -1.45%
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Climate Change Impacts on Electricity Generation

Box 4-5 shows the results of expected changes to power generation due to climate change un-
der various precipitation scenarios. Within each precipitation condition scenario, the results
for power generation fairly closely mirror the pattern of runoff changes for the medium and
high precipitation conditions. That is: there is either no decrease or a small increase in power
generation during the March-May period in 2050 and 2010, relative to the Base Case, and
small reductions in the remaining months. This is due to the fact that the main impacts of cli-
mate change in these two scenarios are to change the seasonal distribution of runoff and res-
ervoir operators are able to change reservoir operation sufficiently to accommodate for these
changes. However, under low precipitation conditions, there are decreases in power genera-
tion in all of the months in 2050 and 2100 relative to the Base case. Furthermore, under low
precipitation conditions, the ability of the hydro system to meet the April and May peaks in all
periods is less than for the other two sets of precipitation conditions. Under climate change,
this gap is exacerbated for low precipitation conditions. However, under medium precipita-
tion condition, the system does not have to reduce power generation in 2050 or 2100 relative
to the Base Case and under high precipitation conditions; the system can actually increase
power generation under the projected climate changes in 2050 and 2100.

Box 4-5: Results for the Climate Change Analysis: Power Generation

The projected changes in hydro-electric power generation are shown for 2050 and 2100 are
shown below for low precipitation conditions (Figure 4-7), average/medium precipitation con-
ditions (Figure 4-8), and for high precipitation scenario (Figure 4-9). These results are tabu-
lated and the changes in electricity generation are shown in Table 4-2. The Base Case values
are shown in each of the projections for the case of comparison.

Average Monthly Power Generation from the Mavrovo Power Plant for
Low Precipitation Conditions in the Base Case with No Climate Change
and 2050 and 2100 with Climate Change
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Figure 4-7: Monthly Hydro-electric Power Generation for Mavrovo for Low Precipitation

Conditions in 2050 and 2010 (with Climate Change) Compared to the Base Case (without
Climate Change) (GWh/month)
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Average Monthly Power Generation from the Mavrovo Power Plant for
Medium Precipitation Conditions in the Base Case with No Climate
Change and 2050 and 2100 with Climate Change
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Figure 4-8: Monthly Hydro-electric Power Generation for Mavrovo for Medium Precipitation
Conditions in 2050 and 2010 (with Climate Change) Compared to the Base Case (without

Climate Change)

Average Monthly Power Generation from the Mavrovo Power Plant for
High Precipitation Conditions in the Base Case with No Climate Change
and 2050 and 2100 with Climate Change
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Figure 4-9: Monthly Hydro-Electric Power Generation for Mavrovo for High Precipitation
Conditions in 2050 and 2010 (with Climate Change) Compared to the Base Case (without

Climate Change)
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Table 4-2: Projected Hydropower Generation for Low, Medium and High Precipitation
Conditions for the Base Case (With No Climate Change) and 2050 and 2100 (With Climate
Change)

Monthly Average Power Annual Average Power % Change
Generation Generation

GWh GWh

Base 26.28 315.32 -
2050 25.35 304.25 -3.51%
2100 23.98 287.70 -8.76%

Base 42.22 506.62 -
2050 41.47 497.69 -1.76%
2100 39.68 476.18 -6.01%

Base 57-37 688.39 --
2050 57.66 691.91 0.51%
2100 56.46 677.54 -1.58%

The projected changes in average annual hydro-electric generation by Mavrovo for 2050 and
2010, under climate change, compared to the Base Case, are shown in Figure 4-10 and in
Figure 4-11 (derived from the results in Table 4-2). The first figure — Figure 4-10 — shows the
changes in power production in GWh, relative to the Base Case, and the second one - Figure
4-11 — shows the relative changes in percentage (%) compared with base case scenario.
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Change in Annual Electricity Generation from Mavrovo Power Plants
for the High, Medium and Low ClimateProjections in 2050 and 2100
Compared with Base Case with no Climate Change
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Figure 4-10: Change in Annual Hydro-Electric Power Generation for Mavrovo for Low, Medium
and High Precipitation Conditions in 2050 and 2100 (with Climate Change) Compared to the
Base Case (without Climate Change) in GWh
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Figure 4-11: Change in Annual Hydro-Electric Power Generation for Mavrovo for Low, Medium
and High Precipitation Conditions in 2050 and 2010 (with Climate Change) Compared to the
Base Case (without Climate Change) in percentage (%)
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Results for Climate Change Damages

Two approaches were used to value the climate change damages due to runoff reductions
at the Mavrovo hydro-electric power system. The first approach was simply to calculate the
cost of replacing the hydropower production that was lost in 2050 and 2100 relative to the
Base Case, using the cost of replacing this power from different types of power plants. This
was done using the annualized life-cycle cost data for different types of electricity generation
plants.

Results for Climate Change Damages Analysis

Two approaches were used to value the climate change damages due to runoff reductions at
the Mavrovo hydro-electric power system. The first approach was simply to calculate the cost
of replacing the hydropower production that was lost in 2050 and 2100 relative to the Base
Case, using the cost of replacing this power from different types of power plants. This was
done using the annualized life-cycle cost data in Table 4-3 for different types of electricity
generation plants.

Table 4-3: Annualized Life-Cycle Generation and Total Cost Estimates for Different Types of
Power Plants in FYR Macedonia in 2010

Plant Tvpe Generation Cost Total Cost
P (EUR/kWh) (EUR/kWh)

Coal-Fired 0.04 0.100
Gas-Fired 0.058 0.118
Nuclear 0.053 0.115
Import ¥0.055 %0.115
Wind Power 0.089 0.152
PV Systems 0.260 0.350

Source: National Energy Plan, 2009

It must be mentioned that the prices for renewable (both wind and PV in the last rows) reflect
feed-in tariffs (beneficial prices) which are much higher than the regular commercial price —
though this commercial price is expected to rise dramatically in the coming decade as current
commercial prices do not reflect the economic price. Two estimates were used to bound the
cost of replacing the power that is lost as a result of reduced runoff due to climate change,
generation and total cost. The Generation Cost includes investment, fuel and operating and
maintenance costs. Total costincludes the generation cost plus the transmission and distribu-
tion cost. The replacement cost results are presented in the text.

The OPTIM was used to simulate reservoir management and power production at Mavrovo
and at all of the other HPP sites and for all of the other fossil fuel-fired plants in the country
in the Base Case and 2050 and 2010 with and without climate change (changes in runoff). In |,
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general, the reductions in power generation by the Mavrovo system were surprisingly smallin
comparison to the Base Case (No climate change), but were largest in relative terms for the dry
precipitation conditions when there were both changes in the type and seasonality of precipi-
tation and also sharp reductions in precipitation and runoff in the runoff season.

The relative changes in power production by the Mavrovo system depended on the nature
of the precipitation conditions for which the reductions in runoff were projected. Under the
driest conditions, the projected reductions in average monthly power production were about
3.5 per cent in 2050 and about 8.8 per cent for 2100, compared to the Base Case, whereas
the comparable projected changes in power production at Mavrovo under high precipitation
conditions were an increase of about 0.5 per cent for 2050 and a reduction of about 1.6 per
cent for 2100.

Two different approaches were used to value the annualized climate change damages in 2050
and 2100 associated with these reductions:

The first approach was to assume that the reductions in power, relative to the Base Case, were
replaced 1 for 1 with production from either coal- or gas-fired, or nuclear plants — then again by
replacing the production with that from renewable energy sources. For this approach, the pro-
jected annualized value of climate change damages for 2050 ranged from a benefit of about
EUR 140,000 per year to a cost of about EUR 1.3 million per year, depending on the type of
power plant and precipitation conditions. For 2100 these projections ranged from a cost of
EUR 575,000 per year to about EUR 3.6 million per year. For the replacement with renewables,
the same amount of reduced electricity can reach a cost of nearly EUR 10 million. The replace-
ment cost from renewable is much higher comparing with the same ones from base load con-
ventional power plants, mainly because of relatively higher production and feed-in tariffs for
renewables.

The estimated climate change damages for replacing lost production with traditional sources
of power are shown in Table 4-4. The estimated climate change damages for replacing lost
production with renewable energy sources are shown in Table 4-5.

Table 4-4: Annualized Cost (1076 EUR/year) of Replacing Lost Hydropower Production due to
Climate Change with Coal, Gas and Nuclear Alternatives

Pecipitation | 200 | a0 |

Low -0.443 -1.107 -1.100 -2.751
Medium -0.358 -0.894 -1.218 -3.045
High 0.141 0.352 -0.434 -1.084
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Precipitation

Condition

Low -0.642 -1.306 -1.596 -3.246
Medium -0.519 -1.055 -1.766 -3.593
High 0.204 0.415 -0.629 -1.279
Low -0.587 -1.273 -0.575 -3.164
Medium -0.474 -1.028 -1.614 -3.502
High 0.187 0.405 -0.575 -1.247

Table 4-5: Annualized Cost (1076 EUR/year) of Replacing Lost Hydropower Production due to
Climate Change with Renewable Energy Alternatives

Condition

Low -0.985 -1.683 -2.458 -4.198
Medium -0.796 -1.360 -2.710 -4.629
High 0.312 0.534 -0.965 -1.649
o evsstens
Low -2.879 -3.875 -7.180 -9.666
Medium -2.326 -3.131 -7.918 -10.659
High 0.913 1.229 -2.820 -3.797

The second approach was to calculate the change in total system cost, as estimated by OPTIM,
associated with the changes in generation in 2050 and 2100 relative to the Base Case. For the
total system coach approach to estimating climate change damages, the projected annualized
climate change damages for 2050 were losses of about EUR 1.2 to 2.5 million per year and EUR
4 to 7.1 million per year for 2100. The systems cost estimate is probably preferable, since it
captures all of the disaggregated power substitutions, such as in base and peak-load that are
covered up by the more aggregate replacement power cost approach. The results are shown
in Table 4-6.
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Table 4-6: Projected Increase in Annualized Total System Cost in 2050 and 2100 due to
Reductions In Runoff from Climate Change for Mavrovo Hydro System Under Low, Medium
and High Precipitation Conditions

Precipitation 2050-Base 2100-Base
Conditions (10”6 EUR) (1076 EUR)

Low 2.540 7.140
Medium 1.210 4.010
High 2.070 5.380

The estimated value of the climate change damages shown for the system cost approach is
roughly twice as high as the total replacement power cost calculations. To understand this dis-
crepancy, one has to think about what happens when climate change reduces the generation
of electricity by hydropower plants and replaces it with electricity generated by coal- and gas-
fired plants or imports. The replacement cost approach assumes that the only cost of closing
this gap is the increase in the cost of alternative fuels. This assumes no change in the cost of
hydropower production and that all of the substitutions (kWh from a fossil fuel plant for a kWh
from a hydro plant) are all made at the same cost. Neither of these assumptions is necessarily
correct and the results are telling us that these assumptions are indeed not correct, at least
insofar as the system is modelled.

One example of this is the substitution of base load plants for peaking load plants. In the
country, the least cost solution is to use fossil fuel plants to provide most of the base load and
for hydro plants to provide most of the peak power. When climate change reduces this pos-
sibility in 2050 and 2100 relative to the Base Case, then it costs more both to run the hydro
plants as base load plants and to run the fossil fuel plants as peak load plants. Thus, the costs
of using both types of generating resources rise. This is reflected in the total systems cost es-
timate of climate change damages, but not in the replacement cost estimates. In other words,
the replacement cost measure of climate change damages only reveals part of the picture and
excludes the cost of not using hydro-electric plants optimally as well as costs related to meet-
ing peak loads with base load plants.

Finally, it should be pointed out that, while this study did not estimate the benefits and costs
of any adaptation measures, this does not mean that simulated adaptation was not captured
by this approach. The fact that the analysis was conducted with a model that captured both
changes in reservoir and power system operation in a least-cost optimization framework indi-
cates that a great deal of adaptation was included in the analysis. In reality, the estimates of
climate change damages that were developed in this study are actually estimates of residual
damages - that is the value of climate change damages that cannot be avoided by adaptation.
The problem with estimating the net value of the climate damages that can be avoided and
those that cannot is three fold:

1. There is no single theory to suggest which adaptations should be included in the es-
timate of climate change damages and which should not. However, assuming that no
autonomous adaptation will take place in response to climate is simply wrong.
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2. The costs of adaptation are more difficult to calculate than most non-economists im-
agine because these costs include both changes in technology and behaviour.

3. There is a real lack of studies that estimate the basic engineering costs associated
with adaptation technologies. This is not the kind of dirty work that economists like to
do and engineers have different approaches to measuring costs than do economists.

Despite these problems, an approach for trying to separate out short-run from long-run ad-
aptation will be discussed in the last section of this chapter, covering improvements to this
study.

Conclusions

Overall, this chapter had two main objectives. The first was to assess the capacity of national
experts and institutions to estimate the economic value of climate change damages associ-
ated with reductions in runoff that reduce the capacity of hydro-electric plants to generate
electricity and the benefits and costs of adaptation measures to avoid some of these dam-
ages. The second was to undertake an exploratory case study of the Mavrovo hydro-electric
system, to see how far one can go with these methods and find out what additional work has
to be done to go farther. Following the conclusion, the chapter will address the question of
how to fill these capacity gaps in the short and longer term.

Capacity Building

The national capacity to estimate these economic impacts was assessed in four different ar-
eas:

e C(apacity to simulate the effects of climate change on runoff;

e C(apacityto simulate the joint hydrologic operation of the reservoir and power produc-
tion by an HPP;

e Capacityto optimally “balance” energy supply and demand across the entire generat-
ing system; and

e (Capacity to estimate the value of the climate change damages due to changes in run-
off and the benefits and costs of adaptation measures to avoid some of these dam-
ages.

The capacity to calibrate a rainfall runoff model in catchments and to use the calibrated mod-
el to simulate the effects of climate change on runoff does not exist (although it may have
existed at one time). This is a fundamentally important limitation to overcome, not just for
climate change analyses — as the impact on runoff is perhaps the most crucial physical impact
of climate change in water resources — but perhaps even more importantly this shortcoming
limits water resource planning and management activity related more generally to climate
variability and economic development, where the tangible costs and benefits of various devel-
opment projects are far more apparent than in climate change studies.
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The capacity to simulate the joint hydrologic operation of the reservoir and power production
by an HPP currently exists in the form of OPTIM, a power systems model that also includes
reservoir operation for power production by HPPs. The capacity to optimally “balance” en-
ergy supply and demand across the entire generating system is present in the form of OPTIM
for short-run assessments and is satisfied for both short- and long-run assessments by the
MARKAL model (which must be used in tandem with OPTIM). In both cases, these models are
widely used and updated by staff members of the Macedonian Academy of Arts and Sciences.
However, until now, these models have not been used in studies to estimate the economic
impacts of climate change.

Finally, the capacity to estimate the value of the climate change damages due to changes in
runoff and the benefits and costs of adaptation measures to avoid some of these damages
really did not exist prior to this study, although the models did. This was the first time OPTIM
had been used for that purpose (just as this was the first time that MARKAL had been used to
assess the impacts of changes in heating and cooling degree days due to climate change).
In the course of the case study a number of issues emerged about the best way to use both
models to estimate climate change damages and the benefits and costs of adaptation. Recom-
mendations from this study should be helpful in accomplishing this objective.

As in the studies for energy and agriculture, the case study of the impacts of projected reduc-
tions in runoff due to climate change was a very worthwhile exercise for investigating the
strengths and limitations of the local capacity to estimate climate change damages. While the
benefits and costs of alternative adaptations were not specifically investigated in this study,
the Mavrovo study was helpful in educating local experts how this could be done with exist-
ing models and data (for the most part). As with the other two studies, the analysis contained
in this chapter was performed entirely with existing models and data and most of the hard
analytical work was done by local experts under the guidance of a single international expert.

The Way Forward — Developing Future Capacity ——

Like all of the studies in this study, the Mavrovo study is preliminary and designed to test
the local capacity (expertise, models and data) to estimate climate change damages and the
benefits and costs of adaptation and to reveal problems with and improvements to the meth-
odology. At the same time, this study revealed the importance of including climate change
into future hydropower development plans and doing so in a power systems framework for
the entire country. This study also reveals a clear way forward to develop the local capacity to
improve upon this study.

These improvements include:

1. Take Steps to Improve the Local Capacity to Simulate the Effects of Climate Change
on Runoff in Catchments. The methodology used in this study to project the effects of
changes in temperature and precipitation and other meteorological variables on runoff at
appropriate time steps and spatial scales were flawed compared to the current state-of-
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the-art. Local water resource experts need to become familiar with how to calibrate and
implement one or more rainfall runoff models that are suitable for Macedonian hydrologic
and climatic conditions. The acquisition, training and use of the model also needs to be
set in a larger context, involving both a thorough investigation of the data needs of vari-
ous rainfall runoff models and the availability of this data in the country as well as a plan
to expand and improve the quality of hydrologic and meteorological data gathering net-
works and systems.

2. Improve the Methodology in this Study to Dispense with the Projection of Runoff Based
on Wet, Average and Dry Precipitation Conditions. Simulating the physical impacts of
climate change in this study was hindered by the fact that there was no way to tell how,
for example, average precipitation conditions in the Base Case became wetter or drier
relative to the other precipitation conditions in the climate change cases. In other words,
it was not easily possible to show how climate change affected the distribution of pre-
cipitation conditions. This problem appears to be due to the reliance of OPTIM and local
experts on historical runoff data. This situation will change if the first recommendation is
followed, as the ability to use rainfall-runoff models to project future conditions breaks
the need to be wholly dependent on historical data.

3. Improve the Methodology in this Study to Disentangle the Effects of Climate Change and
Economic Development on Climate Change Damages. The question is how large is a share
of the damages due to climate change and how much of the benefits of avoiding these
damages are due to climate change and how much is due to economic development? The
usual approach is to hold one of the two constant and “partial” out the contribution of
the other effect. However, there is a limitation to this approach in that it does not in-
clude the interaction between climate change and economic development on benefit and
cost measures. In fact, when both climate and economic development are changing at
the same time, the benefits and costs that are estimated for this interaction must, by
definition, have something to say about the vulnerability of what we do (or don’t do) to
adapt to climate change. Decomposing climate change damages and the net benefits of
climate change into the partial effects of climate, economic development and the interac-
tion between the two should be possible with the models used in this study. However, the
experimental design of the scenarios is very important in order to isolate these effects.

4. Link the OPTIM and MARKAL Models in order to Better Simulate Long-Run Physical Im-
pacts and Adaptation. The MARKAL model was not used in this analysis. However, the
models have been used together in a previous study to assess the costs of reducing GHG
emissions. The benefit of integrating the models is that OPTIM can be used to provide
information about the technology and operating parameters of existing and future HPPs
that is used in MARKAL. In addition, OPTIM can provide this information for different cli-
mate scenarios that will also be used in the multi-year analysis conducted using MARKAL.
In theory, the models should interact simultaneously, but this is perhaps too much to ask.
However, for the Third National Communication efforts should be undertaken to develop
a methodology to look at multiple climate impacts over a number of years in the entire
energy sector, using both models.

5. Better Develop the Methodology to Decompose Residual Damages into Climate Change
Damages and the Net Benefits (Benefits minus Costs) of Adaptation. One way to do this

proposed by Callaway (2004A) is to use capital investment in new plants and distribution 84
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systems as the demarcation point for estimating the benefits and costs of adaptation.
This approach, which was used in this study to estimate the economic impacts of changes
in heating and cooling degree-days, involves allowing all short-run adaptation modelled
in OPTIM on an annual basis to be included in the estimation of climate change damages.
Estimates of the benefits and costs of adaptation are then based on the long-run adjust-
ments as simulated in MARKAL. This approach allows a systematic, and not altogether
arbitrary, approach for modelling damages from and adaptation to climate change, while
at the same time allowing for the correct accounting of short-run and long-run benefits
and costs. Such an approach could be implemented in the Third National Communication
to the UNFCCC consistent with a similar recommendation made in the energy chapter.
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The Economic Impacts
of Climate Change
on Agriculture

Summary of Chapter 5:

The Economic Impacts of Climate Change on Agriculture

n Macedonian agricultural production. Climate change is

expected to impact crop yields and water needs due to increased
temperatures and less precipitation in the future. The chapter examines
agricultural production associated with the Strezevo irrigation project
in order to evaluate the potential levels of impacts of climate change
on crop yields and farm incomes. In the rain-fed part of the region,
without adaptation the climate change damages for the most severe
climate change scenario roughly equal the net income in the Base
Case by 2050. In the irrigated part of the agricultural sector in this
region, the magnitude of climate change damages reaches the level
of netincome in the Base Case by 2100 under medium climate change
conditions — and far surpasses the Base Case netincome levels under
the high climate change scenario. However, this does not account for
adaptation by farmers such as changing crop rotations, changing farm
management techniques, etc. The chapter also carries out an initial
cost-benefit analysis of implementing the expansion of irrigation in
the area. The initial cost-benefit analysis in the Strezevo area shows
that — if the water is available — it may be a cost-effective measure to
increase irrigation. A number of shortcomings in analytical capacity
were identified. This includes a lack of capacity to estimate the impacts
of input variables (including climate change) on crop yields via crop
models. It also includes a lack of capacity to model hydrological cycles
— which limits projections of climate change impacts and also impacts
the ability to manage water needs given current climate variability.

-I-ni5 chapter examines the potential impacts of climate change
)
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Introduction: Background and Objectives

The collapse of Yugoslavia and the overnight “privatization” of the agricultural sector in FYR
Macedonia have created a number of challenges for the invigoration and future development
of the sector. According to the National Agricultural and Rural Development Strategy (Ministry
of Agriculture, Forestry and Water Economy 2007), the major weaknesses of the agricultural
sector include the small size and fragmentation of farms, low physical productivity, high pro-
duction costs, lack of credit for production loans, difficulties in attracting direct foreign invest-
ment, declining land prices, and unstable market conditions in many subsectors. For these
reasons, the country imports over half of its food; there is high rural unemployment; and ex-
tensive rural-urban migration. The response of the Government has been to subsidize the
production of key crops, and while this has led to increased production of subsidized crops; it
has not solved the underlying problems in the sector.

The problems faced by the country are not at all unique in the Balkans and they are all inter-
related. The small size of farms, low productivity, high production costs, unstable commod-
ity prices and low net farm incomes are all related to the fact that farmers lack the economic
incentives to expand and consolidate farm holdings. These incentives can only be created by
stronger domestic and international markets for local agricultural commodities and by the cre-
ation of modern, private sector market institutions, both in the finance and agricultural sector.

Based on future projections of temperature and precipitation for the country (Bergant 2006),
the most likely long-term effects of climate change will be reductions in the net primary pro-
ductivity (i.e., yields) of most crops. This will be accompanied by reductions in runoff, which
will reduce the potential supply of irrigation water. Both irrigated and rain-fed crops will have
higher water requirements due to increased crop water demands, driven by higher tempera-
tures, 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.

Given the current situation of the agricultural sector in the country and the potential effects of
climate change, the major objective of this chapter of the study is to use a case study to show
how climate change might impact crop yields and net farm incomes in the long-term - defined
here in terms of the last half of this century. Before doing this, it is important to take a quick
look at the data and models that can be used to do this and compare them with the data and
models currently available in the country. Finally, by putting the conclusions of the case study
together with the knowledge gained about the capacity of Macedonian institutions to esti-
mate the economic impacts of climate change, recommendations will be presented for making
future improvements to this capacity.
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Methods for Valuing the Economic Impacts
of Climate Change in the
Agriculture Sector in the country*¢

For this study and perhaps more generally, there are two broad types of welfare impacts to
consider. Reductions in crop yields can result in losses in the welfare of farmers as measured
by net farm income and a reduction in the welfare of consumers in cases where climate change
leads to increases in commodity prices”. Losses in producer welfare occur because, as aver-
ageyields — measured in kg per hectare - fall, revenues from the sale of the product fall while
production costs per kg of output rise (even if costs per ha remain constant). This results in
a reduction of net farm income (revenues — cost). A rise in marginal production costs, which
causes an increase in the price of the product, has the effect of reducing the welfare of con-
sumers (but not necessarily producers).

The other impact that is important to consider is the need for additional water supply, both
for existing irrigated agricultural land and for rain-fed areas that are converted to irrigation.
This impact cuts both ways. In general, reducing the supply of water will increase its scarcity
value and, if the policy of the government is to price water at its economic value, this will raise
the cost that farmers must pay for water, reducing their net income. If new reservoirs have
to be built to supply water, then this will create additional costs that farmers might have to
pay depending on government policy. However, increasing irrigation water supply is also an
adaptation measure that has the potential to offset some of the economic losses caused by
climate change. As long as the benefits of developing these additional supplies is greater than
their cost, the economic losses due to climate change will be reduced, creating positive net
adaptation benefits.

So, what kind of models and data are needed to estimate these economic impacts — both the
economic damages of climate change due to long-term yield reductions and the benefits and
costs of additional irrigation water supplies? And what are the possibilities for using these
approaches in the country, given the current capacity of national experts and institutions to
estimate the economic losses due to climate change in the country?

6 This section is based on information gathered for a previous study by Callaway, et al. (2010), dealing with the economic
impacts of climate change in Montenegro.

7 How this effect occurs is shown graphically in Figure 2-1. For a more detailed exposition of the economics, see Callaway
2004A. |85
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Valuing the Economic Damages of Yield Reductions in the
Agricultural Sector from the Bottom-Up

Bottom-up approaches for valuing the economic losses associated with yield reductions start
with the effects of climate on crop yields and then work up to farm level production and further
to market and sector level production. This is in contrast to top-down methods which generally
rely on the observed variation in net farm incomes or land prices over space and then use this
variation to project how a change in climate at any given location will affect net farm income.
As such, for this type of approach it is necessary to know how yields will change in order to
estimate the economic losses due to climate change?®.

There are at least two distinct approaches that have been used to value the impacts of climate
change in agriculture and many other sectors/impact categories, as well:

e Agronomic. This approach relies on the observed response of crop yields to different
soils, climates, and management regimes to simulate changes in average annual crop
yields. Independent projections of crop prices and crop areas are used to convert these
yield changes into economic values.

e Agro-economic. This approach combines the agronomic approach to determine the im-
pacts of climate change on crop yields with agricultural market models to determine crop
production, prices and economic gains and losses due to climate change. These methods
are often “normative” (optimization-based) in that the results are consistent with both
agronomically “optimal” and economically efficient management.

Detailed elaboration of these approaches is provided in Annex I.

Valuing the Economic Damages of Climate Change on Irrigation
Water Availability and the Benefits and Costs of Additional
Reservoir Storage for Irrigation

For this type of study, under ideal circumstances, two additional types of models could be
used to value the economic losses due to climate change:

e Arainfall-runoff model. This type of model is used to determine how changes in tem-
perature and precipitation, derived from global and regional climate models will af-
fect runoff from one or more catchments into water supply reservoirs for irrigated
agricultural crops.

e A hydro-economic model. This type of model, mentioned in the previous chapter, is
used to simulate the flow of water from runoff to reservoirs and points of water de-
mand and to simulate the operation of the reservoirs over time in the system so as to
allocate the reservoir releases to the demand points according to economic criteria.

*® The top-down approach in agriculture is best represented by the Ricardian approach, pioneered in Mendelsohn et al.
(1994) and has been used to estimate the economic losses due to climate change in Africa by Kurukulasuriya et al. 2008
and Seo and Mendelsohn 2008A, in Sri Lanka (Seo, et al. 2005) and in South America (Seo and Mendelsohn 2008b), and

(86| China (Wang et al. 2009).
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Hydro-economic models are often linked to, or contain, agro-economic (sector) mod-
els to simulate the demand for water from irrigated areas.

Both of these types of models are discussed in greater detail in Annex II.

Evaluating the Capacity to Estimate the Economic Losses due to
Climate Change in the Agricultural Sector

The capacity of experts and institutions to estimate the economic losses due to climate change
in the agricultural sector, with a special focus on providing additional irrigation water to adapt
to climate change, can be broken down into the following parts:

e C(apacity to estimate the effects of climate change on crop yields;

e C(apacity to estimate the effects of changes in crop yields on net farm income;

e (Capacity to estimate the effects of changes in climate on irrigation water supply; and
e (Capacity to estimate the benefits and costs of additional irrigation water supplies.

In general, itis clear thatin almost all of these categories, the models and data to estimate the
physical and economic impacts of climate change are limited. However, we also found that,
even though so little is currently known about the physical and economic impacts of climate
change in the country, at least for now it is possible to get around, and minimize the level of
hindrance caused by, these limitations.

In the conclusions to this chapter, as in the previous and coming sector chapters, a “way
forward” is mapped out to try to overcome these limitations. There is great awareness in the
country by local experts about the current level of analytical capacity in these areas. There
also exists a great deal of local ingenuity to get around some of these problems and make do
with what currently exists to arrive at some important and suggestive results about what may
be important to look at in the future.

Capacity to Estimate the Effects of Climate Change on Crop Yields

At the time of this study, there was no evidence that there are any mathematical models that
relate changes in climatic, soils, and management variables to crop yields (crop yield models).
This includes an absence of both empirical models and process models. There are estimates
of current crop yields for different areas, given identified inputs, in the framework of crop
budgets. However, these crop budgets do not allow for varying production inputs - such as
fertilizer. They also do not allow for changing or climate variables - such as growing season
temperatures and precipitation - and estimate the impacts of these changes on specific crop
yields. There also do not appear to be fine-grid-scale soils budgets such as are available in the
EU for calibrating crop models.
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Capacity to Estimate the Effects of Changes in Crop Yields
on Net Farm Income

Currently, no agricultural sector (agro-economic) models for the country exist. There are also
no studies and hardly any organized data that would make it possible to estimate economic
demand functions for domestic consumers. What do exist for some regions are the crop budg-
ets and bottom-up engineering cost estimates for irrigation building projects and region-level
farm models for both irrigated and non-irrigated farms. These are exactly the right kind of
tools for estimating the economic impacts of climate-driven yield changes on farmer behav-
jour and net farm income.

The limited availability of resources for the current scoping study did not make it possible to
fully realize this opportunity. However, some preliminary work with a small scale model (farm
level optimization model) did yield some interesting results regarding how a profit-maximiz-
ing farmer would alter their crop mix to adapt to climate change. In addition, the crop budgets
for both irrigated and non-irrigated crops were used extensively in the case study to estimate
the economic value of climate change damages and the benefits and costs of avoiding these
damages by irrigation.

It is worth noting that the fact that the country imports so much of its food from international
markets at fixed prices, combined with the relatively small size of Macedonian farms (on the
order of a few hectares) and the volatility of local markets for many products means that the
consumption of domestic consumers in many cases does not have that great an impact on
food prices.

Capacity to Estimate the Effects of Changes in Climate on
Irrigation Water Supply

FYR Macedonia has previously invested in developing the capacity to calibrate the MIKE-SHE
rainfall-runoff model and implement it in water resources planning and management assess-
ments. However, there are some problems with fully utilizing it. One reason cited for this is
that Macedonian hydrologic conditions are, for many basins, so unique (especially mountain
catchments with steep gradients and high energy flows) that either the model was very hard
to calibrate and/or the results from these calibration exercises did not fit the observed data
very well. Another reason is that the stream flow records for many catchments are not ho-
mogeneous or are unreliable for other reasons. It is hard to verify these reasons without ex-
tensive knowledge and information about the gauging network, stations and data collection
methods. However, the inability to translate changes in precipitations and temperature into
changes in runoff, at least on a monthly time scale, represents a serious shortcoming.
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Capacity to Estimate the Benefits and Costs
of Additional Irrigation Water Supplies

For this study, it was possible to use the crop budget information to estimate the benefits
and costs of additional irrigation water supplies for both fully irrigated and supplementally
irrigated crops. However, the optimal level of irrigation water applications and the associated
crop yields were based not on yield models per se, but on a very simple model of crop water
use. This model simulates the effects of temperature on plant evapotranspiration and precipi-
tation. These two factors influence the soil water budget for each crop. The change inyield due
to a change in temperature was assumed to be proportional to the ratio of actual water use by
the crop (as measured by evapotranspiration) to the maximum water use by the crop®. Given
the likely importance that deficit irrigation practices could have under extremely dry and hot
conditions, this assumption of proportionality does not make a lot of sense. Furthermore, very
high, sustained daytime temperatures due to climate change could limit many important crop
functions. These limitations due to temperature would probably have a profound effect on irri-
gation efficiency. This further underscores the need to have better crop yield models available
in the country for studying climate change impacts.

The Strezevo Case Study

The Strezevo irrigation project is a multi-purpose water project. It was originally designed
to provide water storage for municipal and industrial use, irrigation, waste treatment, small
hydropower generation and flood control. It is located in the southern part of Pelagonia Valley
in the Bitola municipality. The useful storage capacity of the reservoir is around 110 million
cubic meters.

The maximum irrigated area for which the project was designed was roughly 20,200 ha. Over
time, however, following the breakup of Yugoslavia, the amount of land that is fully irrigated has
fallen to a current level of 5208 ha and the system has fallen into disrepair due to lack of use and
the stealing of irrigation equipment, such as metal pipes and valves, for sale as scrap metal.

The project area was selected for this case study for several reasons:

e It has a hot, dry climate which is typical of much of the country’s agricultural regions
and which is likely to be most severely impacted by climate change in the long-run;

e The national experts who worked on this study are familiar with the area and the ag-
ronomic and economic data that are available to conduct such studies;

e The systemisin need of refurbishment, which is not at all atypical of socialist-era ag-
ricultural and water projects — making this a representative example for other, similar
projects. This issue poses both important problems for future agricultural develop-
ment and water resource development; and

19 This relationship is included in the CROPWAT model, to be discussed later.
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e The system’s capacity is under-utilized, which makes it difficult to value the economic
damages of climate change and the benefits and costs of avoiding these damages.
This is because in practical terms, there is a lot of water available, but not much land
that can be irrigated because the infrastructure has been scavenged.

Methods and Data

The Methodology for this study consisted of three parts:
e Developing the Base Case,
e Developing the Climate Change Case, and
e Developing the Adaptation/Adjustment Case.

Base Case

The purpose of the Base Case analysis was to establish a reference for crop and irrigation
water use, crop yields, and net income by both irrigated and non-irrigated (rain-fed) crops in
the area. The model was used to calculate the soil water deficit in the area for the various ir-
rigated crops under the climatic conditions of the Base Case. This took into account the effect
of temperature on crop water demand. It also took into account the availability of soil moisture
carry-over from previous periods as well as inputs of water from precipitation. The amount of
irrigation water required to bring each crop to maximum yield was determined through a sim-
ple empirical formula — the same for all crops -- developed by Stewart et al. (1977)>° that is a
part of CROPWAT. Given the estimated yields and water use, information about average prod-
uct prices and crop budgets for the area were used to calculate net revenues for each crop.
These values were totalled for all crops (twenty-five irrigated and seven non-irrigated) using
the observed crop mixin the region. The same approach was used to calculate the yields and
net income for crops in the Base Case. However, the crop water requirement for these crops
was limited by the amount of precipitation that could effectively reach the root zone of the
crops. These detailed data are shown in Annex I, Table II-1.

Climate Change Case

The purpose of the climate change case was to show how high, medium and low changes in
temperature and precipitation, as projected by Bergant (2006) for 2050 and 2100, would affect
crop yields and the net income from irrigated and rain-fed crop production in the region. The
detailed temperature and precipitation projections for the climate change cases are shown in
Table 5-1. CROPWAT was used to calculate the effects of reduced rainfall and higher tempera-
tures on the soil water balance, crop water demands, and crop yields. Irrigation quantities on
irrigated lands were held constant and no additional water was applied to the rain-fed crops in

20 Stewart, et al. (1977) represents an interesting and straightforward presentation of how CROPWAT can be used in deficit
irrigation studies.
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order to estimate the physical damages of climate change without any corresponding adjust-
ments by farmers?.

Box 5-1:

Projected monthly precipitation and temperature values
for the “Medium” climate change scenarios for the area
in 2050 and 2100.

Table 5-1 presents the projected monthly precipitation and temperature values for the “Me-
dium” climate change scenarios for the area in the years 2050 and 2100. The projections
for this scenario show consistent increases in temperature and consistent decreases in pre-
cipitation across all months of the year. From a crop perspective, this means that plant water
demands will increase due to higher temperatures and that the existing amount of soil water
that contribute to plant growth will decrease due to reduced rainfall. Thus, without additional
irrigation water, one can expect that crop yields will fall on irrigated lands, unless irrigation
quantities are increased, and that crop yields on rain-fed land will also fall and probably re-
quire supplemental irrigation water to replace the lost precipitation.

Table 5-1: Base Case and Climate Projections for Average Monthly Temperature and
Precipitation for the “Medium” Climate Change Scenarios

I 7
in Degrees C by Month change

Case Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year Annual

Base -0.8 2.1 6.2 10.9 15.7 20.1 21.9 21.3 171 11.4 5.6 1 11

CC2050 1.9 4.8 8.5 13.2 18 22.8 24.6 24 19.2 13.5 7.7 3.7 13.5 22.24

CC2100 4.7 76 11 157 20.5 258 276 27 21.6 15.9 10.1 6.5 16.2 46.49
Average Monthly Precipitation in mm by Month

Base 47 53 47 50 56 37 39 37 41 64 75 65 611 o
CC2050 47 52 44 47 52 33 34 33 39 61 71 64 576 -5.72
CC2100 46 51 40 43 48 29 30 29 35 54 64 63 533 -12.8

Forirrigated crops, the fact that much of the land in the Strezevo project has been abandoned
means that there is sufficient irrigation water to meet the higher demand for irrigation water
due to climate change. However, this is not the case for rain-fed (dry land) agriculture for
which yields are limited by effective rainfall. To measure the physical damage from climate
change, the amount of water available for irrigation was held constant at Base Case values.
Since higher temperatures, due to climate change, increase a crop’s need for water compared
to the Base Case, the result is that crop yields will fall if more water is not supplied compared
to the Base Case.

The following steps were carried out to evaluate damages in the Climate Change Case:

22 The CROPWAT calculations are not shown, but can be obtained from the authors. 91
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e For rain-fed crops, soil water availability was determined by projected precipitation,
whereas for irrigated crops, this was determined by the availability of irrigation water
and rainfall.

e Cropyields for both types of crops were calculated for the Climate Change Case using
the empirical formula in CROPWAT and FAO Irrigation and Drainage Paper 33.

e The netincome from the production of irrigated and rain-fed crops was calculated us-
ing the yield information from CROPWAT and the budget data.

e Theyields and net income estimates were compared to the Base Case values to de-
termine the extent of the yields reductions and net income losses (climate change
damages) due to climate change.

Adaptation Case

This study is not a comprehensive assessment of the costs and benefits of a wide variety of
adaptation options, but is intended to be an illustrative analysis to show how these benefits
and costs can be measured and estimated in applied analysis. It is clear from the observed
responses of farmers to climate variability that there are number of ways to soften the blows
of fluctuating temperatures and precipitation. The most prominent of these is adjustments in
crop mixes, deficitirrigation practices, input substitution and changing the timing of manage-
ment activities to offset adverse climate variability. These types of actions will probably occur
without any planned government action, simply because it is in the economic interest of farm-
ers to undertake them to avoid some of the damages of climate variability and climate change.
Adaptation actions which take place without a planned intervention are often referred to as
“autonomous adaptation”.

In this analysis, we looked instead at how the existing water available for irrigation could be
used to avoid the climate change damages by three means:

e Supplying the existing irrigated area with enough water to restore the Base Case
yields;

e Supplying the agriculture area with supplemental irrigation water for their crops;
and/or

e Expandingand refurbishing the irrigated area to the maximum available area, subject
to the availability of water supply from the reservoir.

The following steps were carried out to evaluate damages in the Adaptation Case:
e The CROPWAT model was used to determine the full and supplemental irrigation wa-
ter requirements of all crops, consistent with achieving the Base Case yields.
e Crop yields were not optimized in economic terms, but this can be done with a bit
more time and data manipulation.

e Available water supply was calculated for each of the climate scenarios (high, me-
dium and low for 2050 and 2010) by reducing the existing irrigation capacity of the
system by the per cent reduction in precipitation in each scenario.
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e Estimates of adaptation benefits and costs were calculated taking into account refur-
bishment and additional water costs as well as the improvement in yields due to the
adaptation. These were estimated to show the net reduction in climate change dam-
ages that could be achieved through each of the measures.

Results

Figure 5-1 shows the aggregated results for the per cent yield reductions (in relation to the
Base Case) simulated by CROPWAT using the climate change projections for 2050 and 2100.
Simulated crop yield losses become greater as the projected climate changes become more
severe (low-medium-high) and over time. Moreover, the rain-fed yield reductions are observ-
ably (20 to 25 per cent) greater than the yield losses for irrigated agriculture, where irrigation
quantities were held constant at Base Case values.

0.00%
205 2050 2050 210 2100 2100
-5.00%
-10.00%
-15.00%
Irrigated Crops
-20.00% .
® Rain-fed Crops
-25.00%

Per Cent Change

-30.00%
-35.00%

-40.00%
Weighted Crop Yields

Figure 5-1: Per Cent Reduction in Area-Weighted Crop Yields due to Low, Medium and High
Climate Change Projections for 2050 and 2100

The results shown in Figure 5-1 hide the fact that there is a great deal of disparity in the yield
losses of different crops. In fact, the five irrigated crops that currently share the largest planted
area (See Annex I, Table II-1) are among the least valuable in terms of their net income per ha,
but among the most sensitive to climate change, while the five most valuable crops in terms
of their net returns have very small planted areas but are among the least sensitive to climate
change. This suggests that changing cropping patterns to substantially increase the planted
area of high-value, less climate-sensitive crops would be one way for farmers to reduce their
yield and - as we will see, shortly - their net income losses. However, the effectiveness of this
93]
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type of adaptive response will depend very much on market conditions for these high-valued
crops. If prices are unstable and the markets are thin, or if local farmers cannot compete effec-
tively in these high-valued product markets, income losses could actually increase because of
declining revenues and high production costs.

These factors related to the relative economic viability of certain crops underscore two things.
First, they show how important it is to model the physical impacts of and adaptation to cli-
mate change in an economic and not just a physical, bottom-up, framework. Second, they also
demonstrate the important role that markets and marketing and the industrial structure of the
agricultural sector play in determining the profitability of farmers. This is in contrast to the
view-point that tends to see agricultural development issues almost strictly from a production
efficiency viewpoint.

Figure 5-2 shows the aggregated results for the per cent reductions in net income per ha (in
relation to the Base Case) due to the projected yield losses. Not surprisingly, these reduc-
tions show the same general patterns as for crop yield losses across time, the severity of the
climate scenarios in each year, and land uses (irrigated and rain-fed) in agricultural sector.
However, the per cent losses are much larger. There are at least three reasons for this:

e First, both the yield and net income losses are calculated without any type of adapta-
tion taking place. As such, losses of this magnitude will probably not be observed, ex-
ceptin cases where the adaptation options are extremely limited, as may be the case
in some rain-fed areas that will have to be abandoned if access to irrigation water is,
oris expected to become, much more limited.

e Second, the adjustments that farmers can make on their own to climate change -
through autonomous adaptation — will be observable and will almost certainly be
undertaken in a profit-maximizing (or loss-reduction) framework. This may make it
possible to reduce net income losses substantially by changing crop mixes and to a
lesser extent through some forms of input substitution.

e Finally, these large net income losses are partly explainable by the fact that they are
due entirely to reductions in revenues from the sale of food commodities without any
concomitant reduction in production costs. This is especially “painful” in economic
terms to the rain-fed sector, since their net income margins are on average substan-
tially smaller than for irrigated farmers.
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Figure 5-2: Per Cent Reduction in Area-Weighted Net Income/ha from Crop Production due to
Low, Medium and High Climate Change Projections for 2050 and 2100

Figure 5-3 presents estimates of climate change damages.? In relative terms, it should look
very much like Figure 5-2 since the per cent change in the area weighted average of the net
income losses is equal to the per cent change in climate change damages. This is simply be-
cause climate change damages, as defined here, are equal to the total losses in net income
due to climate change.

It is noteworthy that by 2050, the climate change damages in the rain-fed part of the region
for the most severe climate change scenario roughly equal the net income in the Base Case
(presented in Annex I, Table II-1 and Table II-2). For the irrigated part of the agricultural sector
in this region, the magnitude of climate change damages reaches the level of netincome in the
Base Case by 2100 under the medium climate change scenario — and far surpasses the Base
Case net income levels under the high climate change scenario.

MKD o0.00

205 2050 2050 210 2100 2100
-MKD 50.00
-MKD 100.00
Irrigated Crops
-MKD 150.00 § P
H Rain-fed Crops

-MKD 200.00

-MKD 250.00

Climate Change Damages (10" 6 MKD)

-MKD 300.00
Climate Change Damages

Figure 5-3: Climate Change Damages due to Low, Medium and High Climate Change
Projections for 2050 and 2100
22 All economic values in this chapter are undiscounted and given in terms of today’s price equivalency. l9s|
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Adaptation Cases

The objectives of the adaptation assessment was to determine how much of the climate
change damages could be reversed using the available water supply to restore the Base Case
yields on irrigated and rain-fed agricultural lands and how this would affect water use in rela-
tion to water availability.

For existing irrigated agricultural land (5208 ha) and existing rain-fed agricultural land (14,992
ha), the costs of adaptation included the additional cost of water, while the benefits of adapta-
tion are estimated as the additional revenue that is created by irrigating the crop to achieve
the Base Case yields on both types of land use — fully irrigated for irrigated land and supple-
mental irrigation for rain-fed land.

This part of the analysis is summarized in Table 5-2. This table includes the estimates of the
economic values of:

e C(Climate change damages, as shown in Figure 5-3;

e The net benefits of adaptation (which are the benefits of adaptation minus the costs);
and

e The residual damages - which represent the damages that cannot be avoided by ad-
aptation.

First of all, the fact that the net adaptation benefits are positive in all cases shows that the
economic benefits of these measures is greater than their costs. Second, the net values of the
avoided climate change damages (i.e., the net adaptation benefits) are relatively large in pro-
portion to the climate change damages. For irrigated agriculture the net benefits of adaptation
range from about 70 to 8o per cent of the value of climate change damages, leaving 20 to 30
per cent of the damages that cannot be avoided.

For rain-fed agriculture (now supplementally irrigated in the adaptation case), the net benefits
of adaptation, while large in absolute terms, are relatively smaller than for irrigated agricul-
ture when compared to climate change damages. For the area that is supplementally irrigated,
increasing rain-fed yields by partial irrigation only reduces about 27 to 36 per cent of the cli-
mate change damages, leaving roughly 64 to 73 per cent of the original damages that cannot
be avoided by this form of adaptation.



Chapter 5 The Economic Impacts of Climate Change on Agriculture

Table 5-2: Economic Values for Climate Change Damages, Net Benefits of Adaptation and
Residual Damages Associated with Low, Medium and High Climate Change Projections for
2050 and 2100 for Restoring Full Yields to Irrigated Land and Supplemental Irrigation of Rain-

fed Lands
Irrigated Crops Rain-fed Crops

Climate Net Climate Net

Change Benefits of | Residual Change Benefits of | Residual
Damages | Adaptation | Damages Damages | Adaptation | Damages
(10”26 MKD) | (1026 MKD) | (10”6 MKD) | (10”6 MKD) | (10"6 MKD) | (10”6 MKD)

2050

L05 -51.69 39.13 -12.56 -84.74 28.90 -55.84
2050 ) i i i

MED 63.35 48.60 14.75 140.21 38.26 101.95
2050 -74.12 55.29 -18.83 -164.47 48.30 -116.17
HIGH

5(1)00 -77.18 62.50 -14.68 -194.07 60.79 -133.28
2100 -117.80 85.82 -31.98 -231.83 78.81 -153.02
MED

;Tgﬁl -148.38 105.61 -42.77 -272.38 98.48 -173.90

This last conclusion suggests that converting the entire area to irrigated agriculture might be
a better option in economic terms, as long as there is sufficient water available to do this. To
look at this option, the first piece of information that is needed is the cost of refurbishing a
hectare of project land so that it can be fully irrigated. Lacking other data, the refurbishment
cost was estimated to be MKD 61,500 per ha (~EUR 995), based on a combination of expert
judgment and other refurbishment projects in the country. Given a discount rate of 5% and a
20 year amortization period, the annualized value of the refurbishment cost is MKD 7275 per
ha (~EUR 118).

The second piece of information needed is the delivery capacity of the system under the dif-
ferent climate scenarios. The average annual delivery capacity of the irrigation for each of
the climate scenarios is shown below in Table 5-3. Lacking a rainfall runoff model, these es-
timates were obtained by reducing the Base Case capacity by the same per cent reduction as
the change in precipitation for each climate change case.

Table 5-4 presents a preliminary benefit-cost analysis of refurbishing the remaining 14,992 ha
in the irrigation project, so that all of the area is fully irrigated. The effects of climate change
on effective rainfall and crop water demand are estimated using the CROPWAT model, as in all
of the previous cases. The net returns to land in column (1) include both the net revenue from
crop production (holding the crop mix constant), including delivering additional water on each
hectare to meet the elevated crop water demand and the annualized refurbishment cost. The |97|
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water required per hectare to fully irrigate the crops on each hectare was determined in the
climate change analysis. The available irrigation water is simply the irrigation water in Table
5-3 less the amount required to irrigate the existing 5208 ha. The information in these first
two columns is used to calculate the amount of additional land that can be fully refurbished
and irrigated with the available water supply. The net benefits for the refurbishment project,
not including the original 5208 ha that were already irrigated, under the six climate scenarios
ranges from MKD 194 million (~EUR 3.13 million) in the 2050 Low climate change case to MKD
65 million (~EUR 1.05 million) in the 2100 High climate change case.

Table 5-3: Estimated Water Availability for Strezevo Reservoir

Climate Change Case Water available for irrigation (10”6 m3)

Base Case 95.00
2050 LO 92.72
2050 MED 89.57
2050 HIGH 87.71
2100 LO 89.45
2100 MED 82.84
2100 HIGH 75-51

Table 5-4: Preliminary Annual Results for a Benefit-Cost Assessment of Refurbishing and
Fully Irrigating the Remaining 14,992 ha in the Project

Additional

Net Water area that Net returns of

returns/ required Available can be refurbishing

ha for per ha to water after refurbished additional

refurbished refurbish irrigating with area to full

land (MKD/ | irrigated land 5208 ha available irrigation

CASE ha) (m3/ha) (‘ooo m”3) water (ha)* (1026 MKD)
2050 LO 13,417 4,504 69,249 14,492 194
2050 MED 12,996 4,575 65,729 14,368 187
2050 HIGH 12,213 4,669 63,196 13,535 165
2100 LO 13,010 4,765 64,624 13,562 176
2100 MED 9,688 5,126 56,133 10,951 106
2100 HIGH 7,616 5,472 46,999 8,589 65

*
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The results in Table 5-4 are from a partial®® benefit-cost analysis without estimating the net
benefits of adaptation. The next step is to put the refurbishment option together with the ad-
ditional water supplied to the existing 5208 ha and compare this option with the two different
adaptation options in Table 5-2.

This is shown in Table 5-5 in which the original options on irrigated and rain-fed lands are
combined in the left half of the table and the refurbishment and full irrigation options are
combined in the right half of the table. The climate change damages for the two options are
identical and are the same as in Table 5-2 (when added together). However, the net benefits of
adaptation and the residual damages are much larger for the option that involves converting
the entire area to irrigated area and fully irrigating it than for the original two options depicted
in Table 5-2. In fact the net adaptation benefits are around 28 to 85 per cent higher for this set
of options than the original two. At the same, the residual damages (those that could not be
avoided by the full irrigation + refurbishment option) are roughly cut in halfin all of the climate
scenarios. Of course these results will probably be very sensitive to the assumptions regard-
ing refurbishment costs and water availability made in this analysis. Autonomous adaptation
by farmers will, as previously indicated, also increase total net adaptation benefits by further
avoiding climate change damages due to market incentives.

Table 5-5: Economic Values for Climate Change Damages, Net Benefits of Adaptation and
Residual Damages Associated with Low, Medium and High Climate Change Projections for
2050 and 2100 Comparing Full Irrigation + Refurbishment on All Lands with Full Irrigation on
Irrigated Land + Supplemental Irrigation on Rain-fed Lands

Restore water to irrigated land + Restore water to irrigated land
supplemental irrigation for rain-fed + refurbish rest of area for full
land irrigation*
Climate Climate
Change Net Residual | Change Net Residual
Damages | Benefits of | Damages | Damages | Benefits of | Damages
(1076 Adaptation (1076 (1076 Adaptation (1076
Cases MKD) (10”6 MKD) MKD) 1O)] (10”6 MKD) MKD)
2050 LO -136.43 68.03 -68.4 -136.43 87.44 -48.99
2050 MED -203.56 86.86 -116.7 -203.56 156.33 -47.23
2050 HIGH -238.59 103.59 -135 -238.59 176.63 -61.96
2100 LO -271.25 123.29 -147.96 -271.25 227.63 -43.62
2100 MED -349.63 164.63 -185 -349.63 258.99 -90.64
2100 HIGH -420.76 204.09 -216.67 -420.76 309.23 -111.53

* The refurbishment costs have been annualized and both the costs and benefits for 2050
and 2100 are expressed in terms annual future values. This should not be mistaken for a
benefit-cost analysis.

23 Based on future values for just 2 years, where refurbishment costs have been annualized and included with the other
annual future value costs and benefits from crop production. [99]
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Conclusions

This chapter has two main objectives. The first is to assess the capacity of national experts
and institutions to estimate the economic value of climate change damages and the benefits
and costs of adaptation measures. The second is to undertake an exploratory case study both
to see how far one can go with these methods and to look at how the gaps in the analytical ca-
pacity affect the estimates of these economic impacts. Following the conclusion, the chapter
will address how to fill these capacity gaps in the short and longer term.

The national capacity to estimate these economic impacts was assessed in four different ar-
eas:

Capacity to estimate the effects of climate change on crop yields;
Capacity to estimate the effects of changes in crop yields on net farm income;
Capacity to estimate the effects of changes in climate on irrigation water supply; and

Capacity to estimate the benefits and costs of additional irrigation water supplies.

The first three areas focus on the national capacity to project the physical impacts of climate
change that are important in the agricultural sector. These inputs are not only important for
bottom-up economic analyses, but also there is often a great deal of overlap between physical
impacts and how farmers and natural resource planners and managers adjust to these physi-
cal through autonomous adaptation. In modelling physical impacts, it is therefore important
to do so in a way which makes it possible to take into account the economically-motivated
behaviour of these actors.

The capacity to simulate the impacts of climate change on crop yields is quite limited in the
country. Except for the extensive use of models, like CROPWAT, which look at the effects of cli-
mate on soil water supply and demand in a fairly primitive water balance framework, we could
find no empirical or process-oriented models to simulate climate change on crop yields. Such
models and the capacity to use them in the country do exist. A complication to using these
models in country is that they are poorly supported by local databases, their crop coverage is
limited, and they assume more “optimal” agricultural management than is actually practiced
in — or perhaps is not applicable to — local conditions.

The capacity to estimate reductions in crop yields on resource allocation and net income at
the farm level exists, but is not focused on climate change analysis. The capacity to survey
farmers regarding their resource use and management practices, the preparation of crop
budgets, and the development and implementation of farm-level linear programming models
is also fairly well-developed in the country. A next step is to integrate their use into climate
change and adaptation assessments and to blow up the scale of these models from the typical
farm to the regional and national levels.

The capacity to simulate how climate change will affect the hydrologic cycle in catchments is
100 Not well developed. An effort to develop this capacity with the introduction of the MIKE-SHE
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model seems to have been lost. Without models like this, it is virtually impossible to simulate
how runoff into irrigation water supply reservoirs will be affected.

On the other hand, the capacity to simulate how climate change will affect the soil water bal-
ance for crops is adequate enough for the time-being, as demonstrated by the use of CROP-
WAT in this study. However, this capability is better integrated into simulation models that
look at the whole plant response to climate, linking together major plant development proc-
esses (which CROPWAT does not do that well).

The capacity to estimate the benefits and costs of additional irrigation water supplies from
the bottom-up is well developed, but the capacity to do this, conceptually, in a climate change
framework, is quite limited. Part of this is due to the need for more interaction between physi-
cal scientists and economists and part due to the intervention of outside experts who often
circumvent and undervalue local capacity.

The case study of the impacts of potential long term impacts of climate change on the Strezevo
irrigation area proved to be a useful framework for testing the strengths and limitations of the
local capacity to estimate the economic value of climate change damages and the benefits and
costs of a limited set of adaptation options. The study was done entirely with existing models
and data. It used a bottom-up approach to project the local impacts of climate change in 2050
and 2100 on the use of water by irrigated and rain-fed crops and crop yields using the CROP-
WAT model. This included a very simple crop yield algorithm that is embedded in the model.
Crop budgets were used to estimate the various components of net farm income from each
crop as yields and water use changed due to climate change and to adaptive management.
Estimates of long-term climate change damages were large. Yields were reduced on the order
of 10 to 25 per cent for irrigated agriculture (holding water use constant at Base Case values)
and around 15 to 40 per cent for rain-fed crops. The future value of the climate change dam-
ages associated with these yield losses, ranged from MDK 50 to around MDK 150 million per
year for irrigated agricultural lands in the region and MDK 8o to almost MDK 250 million for
rain-fed agriculture.

Lacking detailed crop simulation models, and because there was not time to develop a lin-
ear programming model of resource use and production for the country, the study examined
the adaptation costs and benefits of providing additional irrigation water for supplemental
irrigation of rain-fed crops in the region and for a refurbishment of the irrigation system and
extending fullirrigation back to the entire project area. Both types of adaptation measure sub-
stantially reduced long-term climate change damages. Refurbishing the project is estimated
to create net adaptation benefits equal to 65-85% of climate change damages.

The study revealed the importance of estimating both climate change damages and the ben-
efits and costs of adaptation using a linear programming approach that better captured how
farmers would adjust autonomously to climate change and to any planned adaptations, such
as project refurbishment and/or enlargement. It could have benefitted substantially from bet-
ter crop yield models that took into account the non-linearity between crop response, climate
and resource use. Finally, the study was limited by the lack of a model to simulate the effects
of climate change on irrigation water supplies. This is a particularly important limitation in 101
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view of the large projected changes in crop yields in the second-half of this century, which
almost certainly will place pressure on the development of new irrigation projects to replace
rain-fed agriculture.

The Way Forward — Developing Future Capacity ——

Like all of the studies in this document, the Strezevo study is preliminary and designed to test
the local capacity (expertise, models and data) to estimate climate change damages and the
benefits and costs of adaptation. The bottom-up nature of the methodology was dictated by
capacity limitations, as already discussed. At the same time, this study reveals a clear way
forward to develop the local capacity to improve upon this study.

These improvements include:

1.

Take Steps to Improve the Local Capacity to Simulate the Response of Crops to Cli-
mate Change and Management. CROPWAT is an “old” model that has been greatly
surpassed by newer crop simulation models like CERES and EPIC. Models like these
have recently been used in the country to assess the physical and economic impacts
of climate change in the agricultural sector and adaptation options to avoid these
impacts (Industrial Economics Incorporated 2011). However, local experts and institu-
tions have no knowledge of these models, their strengths and weaknesses. This puts
domestic agricultural planners and resource managers at a distinct disadvantage for
the future when it comes to adjusting investment and management plans and actions
in the country to adapt to climate change. This type of capacity improvement will ben-
efit not only climate change assessments, but also a much wider range of planning
and management activities within the country.

Take Steps to Improve the Local Capacity to Simulate the Effects of Climate Change
on the Hydrologic Cycle. For this study we were unable to find any estimates of the
average annual yield of the Strezevo reservoir. More importantly, national experts
and institutions lack the capacity to simulate the effects of climate change on the hy-
drologic cycle, using rainfall runoff models. This is an important short-coming when
it comes to modelling water resource availability for expanding irrigation. The need
for this capacity extends well beyond the needs of the climate change community and
extends to all levels of water management in multiple sectors.

Develop Linear Programming Models for Evaluating Climate Change Damages and the
Benefits and Costs of Adaptation. In the case study, the crop mix was held constantin
the Base Case, climate change and adaptation cases. However, itis likely that farmers
would autonomously adapt to climate change and to planned adaptation options by
changing their crop mixes and use of resources to maximize their profits. These types
of substitutions could have been examined by linking the CROPWAT model to a linear
programming model of the irrigated and rain-fed farms in the area. The capacity both
to gather the data for these models and develop the models themselves already ex-
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ists in the country. However, it needs to be focused on developing sub-regional and
national models of agricultural production in the context of the sector as a whole in
any given area. These can be used for a wide range of planning and resource manage-
ment purposes, including climate change. For the time being, at least, it will not be
necessary to incorporate domestic food demand into these models, as the country is
a “price-taker” in many agricultural commodity markets. Every effort should be made
to develop these models for use in the Third National Communication to the UNFCCC.
A very important aspect of these models is that they allow bottom-up integration of
numerous adaptation options, both autonomous and planned, with top-down, ration-
al economic behaviour.

4. Extend the Number of Regions to be Investigated. For the Third National Communica-
tion to the UNFCCC, it is recommended that this study be extended to a larger number
of regions with the general objective of covering the entire country with a series of
sub-regional or single, national linear programming-based agricultural sector model.
For the time being, the yield-water response in the sector model can be generated
by the CROPWAT model. But a better, longer term, goal is to develop the capability
to simulate the effects of climate change on crop yields using a model like CERES or
EPIC. As in almost all of the previous recommendations, the development of and im-
plementation of agricultural sector models at the sub-regional and national levels for
National Communications to the UNFCCC represents a “no-regrets” capacity building
option with very broad planning and resource management benefits.
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the main findings with respect to the status of the capacity to

estimate the economic impacts of climate change and use this
information to make public policy recommendations how to address these
“capacity gaps” in the short- and long-term. This section combines these
findings and recommendations with major conclusions that flow from the
case studies into a shorter list that highlights the most important results
of this study.

C hapters 3 through 5 all contain a concluding section that presents

The study on the residential and commercial parts of the energy — par-
ticularly electricity — sector demonstrated in a very positive manner that
the tools and expertise required to estimate the climate change damages
and the benefits and costs of adaptation are, for the most part, already in
place in terms of the expertise in the Macedonian Academy of Sciences
and Arts and the MARKAL model. However, while the underlying capacity
to assess the economic impacts of climate change on space heating and
cooling demands does exist, the results of this study also show that more
experience is needed to correctly implement the energy sector model
used in this analysis and integrate all production sectors into the analysis
in a long-run framework to guide future energy investments. As such, this
study provides national researchers with some important challenges for
the future.
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When it comes to the tools and expertise for carrying out the economic impacts assessments
of climate change on the hydro-electric sector, the situation is slightly different. The capacity to
simulate the impacts of climate and climate change on basin runoff, using rainfall-runoff mod-
els, does not exist (although it may have existed at one time). Also, the capacity to estimate
the value of the climate change damages due to changes in runoff and the benefits and costs
of adaptation measures to avoid some of these damages really did not exist prior to this study,
although the models did. On the positive note, the capacity to simulate the joint hydrologic
operation of the reservoir and power production by a Hydropower Plant (HPP) currently exists
in the form of OPTIM, a power systems model that also includes reservoir operation for power
production by HPPs. Also, the capacity to optimally “balance” energy supply and demand across
the entire generating system is present in the form of OPTIM for short-run assessments and is
satisfied for both short- and long-run assessments by the MARKAL model (which must be used
in tandem with OPTIM). In both cases, these models are widely used and updated by staff mem-
bers of the Macedonian Academy of Arts and Sciences although, until now, these models have
not been used in studies to estimate the economic impacts of climate change. Analytical capac-
ity in this area could be greatly improved in the future by developing a long-run hydro-economic
model to look at the benefits and costs of investment in new capacity.

The case study on agriculture is interesting for two reasons. It not only illustrated some impor-
tant model and data limitations, but it also showed how local capacity — experts, model and
data - could still come up with some important, although preliminary, findings. First of all, the
country lacks the capacity to simulate the effects of climate and changes in climate on crop
yields, using state-of-the art crop yield models. However, use of the CROPWAT model (which
is considerably outdated) still made it possible to obtain preliminary estimates of the impacts
of climate change on crop yields. Also, as previously mentioned, the capacity to simulate how
climate change will affect the hydrological cycle in catchments is not well developed. On the
other hand, the capacity to estimate reductions in crop yields on resource allocation and net
income at the farm level exists, but needs to be more focused on climate change analysis. The
same applies to the capacity to survey farmers regarding their resource use and management
practices, the preparation of crop budgets, and the development and implementation of farm-
level linear programming models which is also fairly well-developed in the country. A next
step is to integrate farm models into climate change and adaptation assessments and to blow
up the scale of these models from the typical farm to the regional and national levels.

Finally, it should be noted that all of the recommendations about capacity improvements are
not aimed specifically at estimating the economic impacts of climate change and the benefits
and costs of adaptation. All of the missing models and data that are identified in the study
have much wider applications than to climate change policy. They can also be used to inves-
tigate the benefits and costs of a much wider range of investment and resource management
policies both by the private and public sectors. Policies which aim at improving economic
efficiency in all of the economic sectors that are impacted by climate change can probably do
as much or more to reduce climate change damages than policies targeted to reduce climate
change impacts of these sectors as they are currently structured. Thus, the capacity develop-
ment recommendations in this study are, effectively, “no regrets” options to help in the devel-

06| Opment of a more climate-resilient economy.
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Major Conclusions

1. Need for Macroeconomic Model. An important analytical gap that was found to be espe-
cially limiting in the case studies was the apparent lack of a macroeconomic model for the
country, both in-country and in the larger institutional modelling community.

2. Value of Preliminary Estimates of Climate Change Damages. This study has demonstrat-
ed that, even in the absence of more sophisticated data and better models, preliminary
estimates of climate change damages — as in the Case Studies — can provide useful in-
formation about the economic impacts of climate change to guide decisions both about
development policy and building the capacity to improve the analytical capacity about
economic development and options for coping with climate change.

3. Need for Better Models and Data. This study set out the state-of-the-art in modelling cli-
mate change damages in all of the case study sectors. There are significant gaps in both
models and data in every sector we examined in both simulating the physical impacts of
climate change and translating these impacts into measures of climate change damages
using integrated environmental-economic sector models.

4. Priorities for Capacity Building. Based on the results of the case studies and the develop-
ment plans of the country, the priorities for developing these type of models would ap-
pear to be as follows:

a. Highest priority:

i. Extending the time horizon of the analysis with MARKAL beyond 2010,
making it more comprehensive by including mitigation targets and add-
ing additional supply- and demand-side adaptation and mitigation tech-
nologies and electricity demand functions based on existing information
about the general range of price-sensitivities of commercial and residen-
tial electricity demand.

ii. Improve the capacity to simulate the effects of climate change on the
hydrologic cycle, using rainfall runoff models.

iii. Develop hydro-economic models for basins targeted for future hydro-
electric development.

iv. Introduce newer crop simulation models like CERES and EPIC.

b. Lower priority

i. Adding price sensitive demand functions to MARKAL and including the
impacts of climate change on renewable generating resources.

ii. Developing sub-regional and national models of agricultural production
in the context of the sector as a whole in any given area.
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iii. Stand management models (and support data) for forests that include
growth models to simulate the impacts of climate change and forest dis-
turbances on the growth of managed forest types.

iv. A dynamic, two sector model of the agriculture and forest sector, for ex-
ample through integration with EUFASOM.

Major Recommendations

1. Macro-Economic Model. A macro model capable of providing consistent long-term price and
quantity forecasts such as a computable general equilibrium (CGE) model should be devel-
oped for the country. However, it is important that the model be able to address national
development issues, specifically by requiring that the “entry points” into each sector can
realistically represent impacts that are related to the country’s development plans and the
impacts of climate change. These models can be developed through contracts with multi- and
bi-lateral institutions, involving international and regional centres of expertise in this field.

2. Foster cross sector collaboration to develop models, tools and resources that will im-
prove the understanding of the economic, environmental, and operational implications
of climate change. It is recommended that the physical impact models and related inte-
grated environmental-economic assessment models for the country are developed over
a period of five to ten years in line with the identified priorities. The models and tools
should be able to address national development issues, specifically by requiring that the
“entry points” into each sector can realistically represent impacts that are related to the
country’s development plans and the impacts of climate change. These models can be de-
veloped through contracts with multi- and bi-lateral institutions, involving international
and regional centres of expertise in this field

3. Data collection efforts should be fostered and coordinated with models development.
The case studies revealed data deficiencies in all of the sectors. In addition, an effort to
assess the impacts of climate change in forestry and health sectors failed due to a lack of
reliable data. The building of new data bases where old ones have collapsed is going on in
many sectors, and this information is also helpful for better management of these sectors
regardless of climate change. It is also recommended that data collection efforts by the
government and model development efforts be coordinated.

4. Local expertise to conduct climate change economic impact assessments on its own
should be built in the future. Developing the capacity to build and implement models that
can be useful for planning and managing natural resources and estimating the physical
and economic impacts of climate change should focus on the long-run development of
human capital in the country. One way to try to ensure that the capacity is transferred is
through training for national experts and collaboration with relevant national institutions
in sector-related fields with modelling centres of excellence throughout the EU backed by

multi- and bilateral funding.
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5. Results of the climate change impacts assessments should be used in updating the policy
framework and getting private sector buy-in. A large institutional gap exists between the
public and private sectors in some economic sectors/industries. The government should
where possible incorporate climate change impact assessments into sectoral planning
and management policies and engage the private sector not only to recognize the po-
tential adverse economic consequences of climate change, but also to facilitate more ef-
ficient actions by the private sector to adapt to climate change.

6. Climate risk management must promote resilience. Government development policies
should incorporate investment and resource management policies that are consistent
with sound adaptation planning, which addresses actual or potential impacts, identi-
fies vulnerabilities and capitalizes on the potential opportunities presented by climate
change.

7. Social dimensions of climate change economic impacts, such as employment effects,
should be explored, as well as socioeconomic impacts of implementing policies for na-
tionally appropriate mitigation actions.
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Annex! | Economic Theory and
Additional Data for
Evaluating Impacts of

Climate Change on Energy
Demand for Space Heating
and Cooling

Economic Theory:
Diagrammatic Exposition
of How Consumers and Producers
Respond to Changes

in Outdoor Temperatures

alue of climate change damages and the costs and benefits of
adaptation can be simulated using models of individual consumer
behaviour and the supply and electricity market supply and demand.
The economic theory that underlies this type of valuation is presented in
Figure I-1 and Figure I-2. Figure I-1 provides the basis for understanding
the valuation of climate change damages (or benefits) when outdoor
temperatures during the heating and/or cooling season are influenced
by climate change. Figure I-2 looks at how energy producers react to the
resulting changes in demand, both in the short-run and long-run.

The economic impacts of climate change, including the economic
v
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The top panel of Figure I-1 presents two “comfort curves”, Co and C1, which show the relation-
ship between how comfortable an individual feels inside a residential or commercial building
and electricity use, under two different outdoor temperature regimes. Each of these curves
shows that, holding the climate constant, increasing energy use makes the individual more
comfortable as indoor temperature is increased in the heating season and decreased in the
cooling season. But at some point, as the building becomes too hot in the heating season or
too cold in the cooling season, individual comfort starts to decline as energy use increases
past the point of maximum comfort, where the indoor temperature is ideal. The curve on the
left, Co, shows this relationship for a climate that is warmer in the heating season and colder
in the cooling season than the curve to the right, C1.

The lower panel of Figure I-1 shows the demand for electricity that can be derived from the
information in the top panel in conjunction with a model of comfort-maximizing consumer
behaviour. Each demand curve traces out the electricity consumer’s marginal willingness-to-
pay for electricity under a given climate regime. The demand curve, D , is associated with the
comfort curve, Co, while the demand curve, D, is connected to the comfort curve, C1. D, is
flatter than D . This must be the case since every point on Cilies to the right of Co. Why this is
important will be illustrated shortly.

The individual consumer in Figure I-1: lllustration of how changes in outdoor temperature in-
fluence the space heating and cooling demands of residential and commercial electricity cus-
tomers is a “price taker” in the market for electricity. This means that their consumption of
electricity cannot influence the price of electricity. The “initial” price of electricity is shown as
P . At that price, the consumer whose demand curve is D_ will use Q, kWh of electricity at the
price, P . It can be shown that one way to approximate the welfare of a consumer in a market
is by cumulating the marginal willingness-to-pay increments under the demand curve for the
good and then subtracting the expenditures of the consumer for the good. That calculation
for the electricity demand curve, D , is equivalent to the sum of geometric areas in Figure I-1,
labelled B and D, or B+D.

Now, what happens when it becomes colder outdoors during the heating season and/or
warmer during the cooling season? The answer is that it requires more electricity to achieve
the ideal indoor temperature and the comfort curve shifts from C_to C . At the market price, P,
the consumer increases electricity consumption from Q_to Q kWh.

However, as the upper panel of Figure I-1 indicates, the comfort level associated with Q, along
the comfort curve C_ falls slightly in relation to the original comfort level along C .
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Figure I-1: lllustration of how changes in outdoor temperature influence the space heating
and cooling demands of residential and commercial electricity customers

What are the welfare consequences of the change in the climate regime? Since the marginal
willingness-to-pay for electricity along the new demand curve, D, associated with the change
in climate lies below the marginal willingness-to-pay for electricity along part of the old de-
mand curve, D, the consumer loses an amount of welfare equal to the geometric area B, but
gains back a small amount of welfare where D_ lies above D , equal to the are C. Thus the cli-
mate change has created an approximate net loss of what is conventionally known as a change
in “consumer surplus” due to the change in climate, as described above (assuming there is no
adjustment of the electricity price in the market) equal to the area C-B < o.

The situation is reversed when the initial climate is described by the comfort curve C and it
becomes warmer outdoors during the heating season and/or colder during the cooling sea-
son. In this case, initial electricity consumption is Q_kWh along the demand curve D_. The net
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level of consumer welfare associated with this level of consumption is equal to the sum of the
geometric areas, D+C. When the climate changes, the comfort function shifts to the left and
electricity falls along the new demand curve, D, to Q  kWh. As a result, there is an increase
in welfare (i.e., consumer surplus) equal to the net amount B-C » 0. Thus, when it gets warmer
during the heating season and/or colder during the cooling season, residential and commer-
cial customers may benefits from climate change.

Figure I-1 only considers the change in welfare of an individual electricity consumer, whose
consumption cannot influence the price of electricity. However, to view the total welfare pic-
ture and to correctly measure the value of climate change damages and the benefits and costs
of adaptation one must look at how electricity markets will respond to climate changes, both
on the demand and supply side of the electricity market. This is shown in Figure I-2.

Figure I-2 shows the aggregate demand curves for electricity at the national level, D, and D..
These curves are derived by summing up all of the demand curves of individual electricity us-
ers, horizontally. The supply curve picture for electricity in Figure I-2 is a bit more complex,
because it is made of a long-run supply curve, S ., and part of the short-run supply curve, S .
The long-run supply curve, S, traces out the minimum marginal cost on the vertical axis of
producing Q kWh of electricity on the horizontal axis, when all of the inputs to the production
of electricity, including power plants and distribution infrastructure and all of the supply-side
adaptation options that require new investment are variable. The portion of the short-run sup-
ply curve, S_, shows how much it will cost at the margin to produce more electricity (than Q
kWh) if no new generation and distribution capacity is added. By implication this supply curve
also includes whatever short-run adaptation options that are needed to increase electricity
production above the initial long-run level of Q , without new investment to deal with existing
climate variability

If the price of electricity is initially P , then the resulting equilibrium along the long-run supply
curve occurs at the point where the initial demand curve, D, intersects S .. At this point, the
market price is P_ electricity production in the market is equal to Q  kWh. The corresponding
level of long-run welfare of producers and consumers is equal to the sum of the geometric
areas A+B, which is the area below the relevant market demand curve, D , and above the rel-
evant market supply curve, S, to the left of Q . This area represents the sum of the all of the
consumer surpluses plus all of the short- and long-run profits of producers, depicted in this
diagram.

This was the situation described in Figure I-1 for the individual consumer, blown up to the mar-
ket level. Now, what happens when all residential and commercial consumers face a shift to
the right of their comfort functions is that the market demand curve for electricity also shifts in
the same general way as it did for the individual consumer from D_to D,. What happens to the
market price of electricity and, ultimately, to the welfare of consumers and producers in the
market depends on how producers react to this increased demand for electricity. If producers
do nothing and hold Q_ fixed then the market price of electricity would riseto P__, and at this
price, electricity consumers would have to turn down their thermostats. This might occur in
the very-short-run, if producers regarded the change in climate as purely “transient”. But it
can probably be assumed that there exists some flexibility for producers to adjust to these
18 situations using the existing adaptive capacity of the electricity supply system to cope with
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climate variability. In that case, producers would supply electricity along the short-run supply
curve, S, from Q up to Q,, at a market price of P_,, which is less than P__. At this equilib-
rium, the sum of consumer surplus and the short- and long-run profit of producers would be
reduced the sum of the geometric areas, A + C.. Since the initial level of welfare was equal to
the sum of the areas A + B, the change in welfare after the partial adjustment must equal A +
C,-A-B=C -B<o.-Bisthe aggregate consumer surplus loss due to the change in climate
and C isanincrease in both consumer and producers surplus due to both the way in which the
demand curve for electricity responds to climate change and the short-run, partial adjustment
to the change in temperature.

Marginal Cost/Price

Electricity
g
B
S, Sir
Pmax \
Psr
Py i A+
]
P =
D:
\D
DO

Q, Qs Q. Production

Figure I-2: lllustration of electricity market adjustments to changes in the effect of outdoor
temperatures on residential and commercial electricity customers

If the operant definition of climate change damages in a sector, following Fankhauser (1997)
and Callaway (2004A), is the reduction in welfare due to climate change, taking into account
only short-run adaptation through a process of partial adjustment, then the area, C, - B would
be the corresponding measure of climate change damages for the decrease in outdoor tem-
perature during the heating season and/or the increase in outdoor temperature during the
cooling season.

119



[120]

| Assessing the Economic Impact of Climate Change — National Case Studies |

The short-run, partial adjustment by producers, just shown, is only one possible response. It
can be expected to occur either when the climate change is not regarded as permanent (i.e., it
is transient) and/or the cost of adjusting capacity and other infrastructure to adapt to climate
change is considered to be too expensive based on the expected benefits. Obviously, if the
damages of climate change are uncertain, then the expected benefits of avoiding these dam-
ages will also be uncertain, while the costs will be better known.

However, assuming both that producers now expect the climate change to be permanent and
that the investment costs of adapting to climate change in the long-run are warranted based
on the expected benefits, then another adjustment would occur. In that case, producers would
adapt/invest along their long-run supply curve up to the long-run equilibrium level of produc-
tion Q,, where the market price of electricity is P . At this long-run, full adjustment equilibrium,
the net welfare of producers and consumers would be equalto A + C_+ C_. If we compare this
to the welfare level associated with short-run, partial adjustment A + C , the net benefit of the
long-run, full adjustment, compared to the partial adjustment responseisA+C +C -A-C,
=C,. In other words, C_ represents the net long-run benefits of adaptation that are in addition
to the short-run, partial adjustment benefits, C . Correspondingly, the residual damages - the
climate change damages that are not avoided equalA+C +C -A-B=-B+C +C,.

The economic welfare calculations and benefit-cost measures described in Figure I-2 are sum-
marized in Table I-1 and Table I-2, respectively. Table I-1 shows the total welfare in Figure I-2
associated with the following market equilibria:

e Upper Left: The intersection of the demand curve, D , with the supply curve, S ,
e Upper Right: The intersection of the demand curve, D, with the supply curve, S,
e Lower Right: The intersection of the demand curve, D, with the supply curve, S ,
e Lower Left: The intersection of the demand curve, D, with the supply curve, S,

Table I-2 shows the welfare calculations for the various benefit and cost measures associated
with climate change. All of the benefit and cost measures except the last two in Table I-2 have
already been explained. The Cost of Caution is the cost of not planning for a climate change
that actually occurs (when there are just two climates under consideration) or the cost of plan-
ning for a less damaging climate than that which actually occurs (when there are multiple
climate states to consider). This cost is simply the reverse of the net benefits of adaptation.
In other words, you lose what you would have gained by full adjustment to climate change.

Table I-1: Total Net Welfare of Consumers and Producers for Increases in the Demand for
Space Heating and Cooling as Illustrated in Figure I-

Supply Curve Climate (D) Climate (D)

S A+B A+C

o

S A+B-D e i

LR
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The Cost of Precaution is a bit more complicated to explain. It is the cost of planning for a cli-
mate change that doesn’t occur (when there are just two climates under consideration) or the
cost of planning for a climate change that is more damaging than that which actually occurs.
So, in this case it is assumed that producers planned for the demand curve D, and adjusted
their production capacity along the long-run supply curve, until they could produce Q kWh
at a price of P, but in fact the demand curve D did not shift to D after the investment in ad-
ditional capacity was made. As a result, the net welfare level of B+A must be reduced by the
cost of the investment in the un-needed (or stranded) generation capacity. This is equal to the
area under the long-run supply curve between Q_ and Q, as measured by the area - D. Thus,
total welfare (Table I-1) under this case is A + B — D and the Cost of Precaution is equal to A +
B-D-A-B=-D.

Table I-2: Benefit-Cost Measures Defined in Figure I-2

Cimate )

Climate Change Damages A+C -A-B=C -B
Net Benefits of Adaptation A+C+C -A-C=C,
Residual Damages A+C+C -A-B=C+(C -B
Cost of Caution A+C-A-C-C=-C,
Cost of Precaution A+B-D-A-B=-D

Table 1 -1 and Table I-2 summarize the welfare adjustments when the heating season gets
colder and the cooling season gets warmer. But what about the changes in welfare when the
situation is reversed: when it gets warmer in the cooling season and colder in the cooling
season? From Figure I-2, it would first appear that when climate changes in this way, the result
must be that total welfare increases, since the total welfare where D intersects S , namely A+B
is greater than the welfare where D_ intersects either S_ (A + C) or S , (A+C +C)). However, in
this particular climate case, the benefits and costs of market adjustments depend on whether
the electricity system in the current period is on its short-run or long- run supply curve. If the
industry is initially in long-run adjustment to the demand curve D , producing Q _kWh at a price
of P, and the climate changes to the demand curve to D , then the optimal equilibrium point to
which producers should adjust, is for them to generate Q_kWh at a price of P . In other words,
the welfare change in terms of Table I-1 could at first be construed to involve an adjustment
from the lower right cell of Table I-1 (where net welfare is equal to A + C1 + C2) to the upper left
cell (where net welfare equals (A+B). This may seem at first to be intuitively obvious, since it
is the value of the residual damages (Table I-2) of shifting from D_to D along S ,, but with the
reverse sign. Unfortunately, however, this is not the end of the calculation, because while the
variable cost of generation can be avoided, the fixed cost cannot. In this case, the fixed cost of
generation is equal to the area under the long-run supply curve between Q and Q,, as shown
by the geometric area, D.

The fact that the fixed cost of additional generating capacity once made, cannot be avoided,
makes it difficult to use all of the benefit cost definitions in Table I-2 to characterize the ad-
justments to climate change in this case. What can be said is that, if the industry is initially |124|
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producing Q1 kWh along the long-run supply curve at a price of P1, the net benefits (or cost) of
adjusting to climate change willbe A+B-A-C -C -D=B-C - C - D. On the other hand,
if the industry is initially on the short-run supply curve So and producing QSR kWh at a price
of P_,, the net benefit (or cost) of adjusting to climate change willbe A+B-A-C =B - C.One
cannot say for certain whether the net change in welfare along either path will be positive or
negative. However, it should hold that B - C_will be greater than B - C_- C_ - D. This would
be the case because the investment cost D is not incurred and the adaptation benefit from the
previous climate case, C, is not lost.

Perhaps two final comments are in order, regarding the measurement of adaptation benefits.
The firstissue has to do with including short-run adaptation as a part of the impacts of climate
change. The justification for doing this is partly based on theoretical and partly on practical
grounds. On the theoretical side, first, economists generally low some sort of substitution to
occur when they measure damages. For example, when the price of a good or service increas-
es, economic theory demands that, in measuring the welfare loss to consumers, consumers
are allowed to adjust their consumption of all goods to the change in the price of any single
good. On the practical side, it is very difficult to observe how the short-run adaptive capacity
developed to deal with existing climate variation can be separated from the short-run adap-
tive capacity to deal with climate change. However, it is possible to observe investment and
the distinction between adjusting to climate in the short-run and adjusting to climate in the
long-run is not only easier to observe, but is also evidence that economic agents are adapt-
ing to climate change, because they are willing to accept the economic costs of making these
investments. Therefore, the distinction seems useful. Finally, it should be noted that the rela-
tive magnitude of the net benefits of short-run adaptation vs. long-run adaptation, where it is
even possible to measure the short-run benefits, is an empirical and not a theoretical issue.
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Simulated Temperature Changes and
Heating-Cooling Degree Day Calculations

The temperature changes used in the analysis to reflect climate change are shown below in

Figure I-3.
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Figure I-3: Projections for the monthly average temperatures
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Methodology for Linking Changes in Outdoor Air Temperature
to Changes in Heating and Cooling Degree Days in MARKAL to
Reflect Climate Change

The calculations of HDD and CDD for this study were made following the methodology used
by the District heating company, “Toplifikacija” in Skopje, the capital of the country. This ap-
proach has already been implemented in the Macedonian version of MARKAL According to this
methodology, HDD the value for given outdoor temperature is calculated as:

HDD:D (TBase - 7:4V(HS)) ’ (1)
where: D, is the number of days in the heating season,

T. _isthe base temperature of the space that is heated, which is 20°C,

Base

Tt is the average temperature during the heating season

®s)

Using the same approach, CDD values are calculated as:

CDD=D s’ (TAv{cs) - TBase) ’ )

where: D g is the number of days in the cooling season,

T. isthe base temperature of the space that is cooled, which is 20°C,

Base

T.cs 1S the average temperature during the cooling season

The calculation of the HDD and CDD were made under following assumptions:

e Average duration of heating season — 180 days (from beginning of October till end of
March, next yearz)

e Average duration of the cooling season — 120 days (from beginning of June till the end
of September)

The projected vales for the HDD and CDD for the average heating and cooling season are given
in Table I-3, rows HDD1 and CDD1, respectively. In addition, the HDD and CDD were calculated
for the heating season duration of 182 days and 112 days for cooling season. The projected
values of the HDD and CDD for the two different season lengths are also shown in Table I-3,
rows HDD2 and CDDz2, respectively. The values for HDD1 reflect the shorter heating season
and are thus always higher than HDD2 projection, while HDD (average) is the mean value. For
CDD values presented in Table I-3, CDD1 is always higher than CDD2 and the average CDD is
the mean value.

24 In reality the heating season is from 15th of October until 15th of April, but for the purpose of this analysis this period was
shifted 15 days earlier to include whole months, with intention to use the projected monthly values for the temperature
(Figure 2).
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Table I-3: Projections for HDD and CDD in the country

= err ooy | 2008 | 2009 | 2o | zos | aosz | sor3 | 2o

HDD1 2538 2533 2528 2523 2518 2513 2508 2503
HDD(average) 2548 2543 2538 2533 2528 2523 2518 2513
HDD2 2566 2561 2556 2551 2546 2541 2536 2531
CDD1 216 221 226 231 236 241 246 251
CDD(average) 206 211 216 221 226 231 236 241
CDD2
i i s s e i e e s
HDD1 2498 2493 2488 2483 2478 2473 2463 2453
HDD(average) 2508 2503 2498 2493 2488 2483 2478 2471
HDD2 2525 2520 2515 2510 2505 2500 2490 2480
CDD1 257 262 267 272 277 282 291 300
CDD(average) 246 251 257 262 267 272 277 283
CDD2
e st e | s | o0 | sy | 200 | som | 30
HDD1 2443 2433 2423 2413 2403 2393 2383 2373
HDD(average) 2463 2453 2443 2433 2423 2413 2403 2393
HDD2 2470 2460 2450 2440 2429 2419 2409 2399
CDD1 310 319 328 337 346 356 365 374
CDD(average) 291 300 310 319 328 337 346 356
CDD2 289 298 306 315 323 332 341 349

The next step was to normalize the HDD and CDD adjustments for use in MARKAL. The nor-
malization for HDD1 and CDD1 for 2009 to compute the adjustment factors AdF1 for HDD and
CDD is:

AdF1(HDD),,,
Ad F1(CDD)

=HDD(1)
= CDD(1)

(2009)/ HDD(average)
/CDD(average)

=2528/2538 = 0.996, and
=226/216 = 1.047.

(2009)

(200 ) (2009) (2009)

The AdF2 (HDD) and AdF2 (CDD) adjustment factors are calculated in the same way, using
HDD2 and CDD2, respectively. The Base Case normalization, by definition, is 1.000. Therefore,
if the adjustment factors are less 1.0 there is a decrease in HDD or CDD and if the adjustment
factors are greater than 1.0, there is an increase in HDD or CDD.
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Table I-4: Energy demand projection in commercial and residential sector by end-use

services

End-use
service 2024 | 2027

Commercial

Residential

Base Case (ktoe)

Cooking 13.6 13.6 14.3 15.1 17.5 18.5 19.5
Cooling 14.4 18.2 24.2 32.6 42.8 50 57.2 63.9
Heating 130.5 129.9 139.4 149.8 161.2 171.8 179.9 189.1
Lighting 33.7 33.8 36.8 405 45 49.2 52.4 545
Other 5.8 5.9 6.5 7.2 8.2 9 9.7 10.2
Public 4.8 4.9 5.4 6 6.8 7.5 8.1 85
Lighting

Refrigeration 4.8 4.9 5.4 6 6.8 7.5 8.1 8.5

Water 22.1 23.3 22.7 218 21 21.6 21 20
Heating

20.5
70.3
201.7
56.6

10.7

9
17.8

1.70%
6.80%
1.80%
2.20%
2.60%

2.60%

2.60%

-0.90%

Refrigeration  41.6 41.1 43.9 473 51.8 58.3 65 717
Clothes 3.2 4.8 6.9 9.6 12.9 171 21.9 273
Drying

Clothes 16 15.8 16 16.2 16.5 17.2 18 18.6
Washing

Cooking 80.5 80.2 79.6 76.9 77.5 77.5 78.7 78.5
Cooling 13.6 15,7 18.9 23.1 28.3 35.1 42.7 50.9

Dishwashing 3.5 4.2 5.2 6.5 8.1 10.2 12.6 15.3

Heating 524.4 536.5 560.1 585.7 605.9 626.6 644.7 659.4
Lighting 43.2 421 445 487 54 59.9 659 717
Other 12.8 12.9 151 18.1 22.3 28.3 35.3 43.2
Water 69.9 66.7 64.3 673 68.1 713 73.6 78.3
Heating

78.7
33.4

19.3

78.4
60
18.3
694.9
77.6
52.5
68.6

2.70%

10.30%

0.80%

-0.10%
6.40%
7.10%
1.20%
2.50%
6.10%

-0.10%
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Valuing the Economic Damages of Yield Reductions
in the Agricultural Sector from the Bottom-Up

e Agronomic. This approach relies on the observed response of crop
yields to different soils, climates, and management regimes to simu-
late changes in average annual crop yields. Independent projections
of crop prices and crop areas are used to convert these yield changes
into economic values.

e Agro-economic. This approach combines the agronomic approach to
determine the impacts of climate change on crop yields with agricul-
tural market models to determine crop production, prices and eco-
nomic gains and losses due to climate change. These methods are
often “normative” (optimization-based) in that the results are con-
sistent with both agronomically “optimal” and economically efficient
management.




[128]

| Assessing the Economic Impact of Climate Change — National Case Studies |

Agronomic Models

An agronomic model is based on a model for simulating the effects of changes in climate at vari-
ous time and spatial scales on crop yields, under different geo-physical conditions and manage-
ment regimes. Such a model can take the form of a simple, single equation, regression model or
a numerical simulation model. The state-of-the-art in agronomic modelling consists of simula-
tion models, like those developed under the names of CERES (Tubiello et al. 2002), EPIC (St6ckle
et al. 1992) and WOFOST-DSSAT (Supit et al. 1994), all of which support a number of row crops,
with more under development. These models are readily available Ooff the shelfl, but must be
calibrated to local geo-physical and climatic conditions by trained agronomists, agricultural en-
gineers and agro meteorologists. In most cases, this applied work is supported by crop-specific
plot level agronomic research and by larger field studies at the farm research level to look more
closely, for example, at disease and pest management issues.

These models simulate the effects of daily weather on the growth and yield of individual row
crops. As such, they need daily observations on a number of meteorological variables, as well
as information about the physical environment in which the crop is grown related to soils,
drainage, water uptake, etc., and “management”. These types of models can also be used to
simulate a number of different types of management practices related to the type, timing and
quantity of inputs (water, fertilizer, harrowing, ploughing, etc.) applied. The relevant output of
these models is the physical yield of the crop that can be harvested in weight units.

Calibrating these models is very data intensive and many countries and specific sites do not
have complete data sets to do this. In that case, these types of models are generally calibrated
from plot data at a few locations and then the calibrated model is used in a representative
fashion to simulate yields over a number of other locations with the same geo-physical and
climatic characteristics as the plot locations. In cases, where the data problems are more
extreme, it is possible to use a limited number of input values in combination with the results
of “experiments” conducted with these models to generate “pseudo data” and then fit regres-
sion models to these data. The regression models can then be used to simulate the effects
of climate changes on yields changes at locations for which there are very limited soils and
management data (for example)®. This method was successfully used in the PESETA study of
the economic impacts of climate change in the EU (Ciscar et al. 2010).

An illustration of how such a model can be used to estimate the economic impacts of climate
change appears in the recent Human Development for Croatia, A Climate for Change (UNDP
2009). This study was based on research by Vucetic (2006) who used the CERES- MAIZE model
to estimate the impacts of different IPCC climate scenarios on maize production in Croatia. The
simulated reductions in yield ranged from 3-8% for the year 2050 and from 8-15% for the year
2100. The authors of the UNDP study evaluated these reductions using historical data on the
area of maize production and the average annual producer price and came up with estimates
of economic (revenue) losses on the order of EUR 6-16 million for the year 2050 and EUR 31-43
million for the year 2100, compared to revenues of EUR 199 million for the historical base case.

5 This method was successfully used in the PESETA study of the economic impacts of climate change in the EU. See Ciscar
etal. (2010).
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One of the biggest benefits of these types of models is that they can be used in a wide variety
of different applications, not just climate change. In that sense, developing the capacity to
use such a model in a country is one of those “no regrets” decisions, as previously mentioned
in Chapter 1. Another important strength of this approach lies in the accuracy of its estimates
of yields, compared to older, empirical models. There are several weaknesses. The number of
crops for which these models have been developed is limited largely to row crops. Also, the
structure of these models is not amenable to simulating the growth of long-term crops (fruit
trees, berry and vine-crops). The models also assume technologically-efficient production un-
der modern commercial agricultural conditions, which may not accurately represent a coun-
try’s situation. Finally, these models cannot simulate how farmers and markets will react to
climate change. Climate change has the potential to influence the relative profitability of crops
and this will, in turn, influence not only how much land farmers allocate to different crops, but
also the cost/price at which the commodity can be produced and/or purchased. An agronomic
model cannot simulate the effects of climate change in the framework of economic farm-level
decision-making or agricultural commodity markets. These models can be used to simulate
management actions, such as row spacing, different tillage methods and planting date, but
these inputs are not determined by the model. The user must enter this information into the
model. The model can then simulate the resulting effects on crop yields.

Agro-Economic Models

Agro-economic sector models overcome the main limitation of agronomic models by using
the projections from agronomic crop yield (and also from livestock) models to drive very so-
phisticated agricultural sector models, sometimes known as spatial equilibrium models (Mc-
Carl and Spreen 1980). Spatial equilibrium models simulate the decision making processes
of producers and consumers in many different agricultural commodity markets, accounting
for trade and shipments between sub-national and international regions. In that regard, they
can be characterized as multi-commodity market models of food supply and demand in many
demand and supply regions.

Simulating the effects of climate change on a single crop even over many different locations is far
from the end of the story since, once a farmer knows that the climate is changing, he also knows
it will affect the relative profitability of many different crops he can grow. He also knows that he
will have to sell the crop into a national and/or international market where the effects of climate
will influence the crop selection, management and production levels of many other farmers, not
to mention the equilibrium market price for each crop and, ultimately, his netincome. This knowl-
edge will motivate him to think about what crops he will plant and when and how he will man-
age them, based on his expected net income and the climate and market-price risks associated
with different crop combinations. Farm-level agro-economic models simulate these kinds of deci-
sions, assuming the farmer faces a constant price for each commodity that is produced.

Sector models can take these farmer-market interactions into consideration in both a climate
variability and climate change context. Like crop yield simulation models, agricultural sector
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models represent a “no regrets” approach to improving the agricultural modelling expertise
of a national government. These types of models are used in developed countries to assist
policy makers to explore a variety of policies related to the impact of climate variability on the
sector, as well as to support national agricultural development and marketing strategies in
the context of modern market economies.

To model how climate change will affect crop mixes, production levels and crop prices at the
market level there needs to be a “price-endogenous” spatial equilibrium (SE) sector model
for the agricultural sector. Price-endogenous simply means that crop and food product prices
are an output, not an input, of the model. Spatial equilibrium means the model represents
differentiated production possibilities over space and transport of products across space to
markets. Both features are very important for modelling the impacts of climate change, be-
cause changes in climate will be non-uniform over space and, because many producers and
consumers in many places will be affected differently by climate change at the same time, mar-
ket prices will also be affected. Sector models differ from farm models in that they “include”
demand functions for the agricultural commodities in the market. Small countries, whose do-
mestic and trade prices cannot be influenced greatly by domestic production levels can be
modelled as large, multi-commodity farms with constant commodity prices, at least as a start.
This may be a good idea for the country.

An example of an Agro-Economic Model, currently in use inside the EU is the EU Forest and
Agricultural Sector Optimization Model (EUFASOM) developed by Schneider et al. (2008).
FASOM is actually a land use model. It contains an agro-multi-country, multi-commodity eco-
nomic model for the agricultural sector and a multi-country, multi-product dynamic forest sec-
tor model that are linked by a common land base and economic objective function. This allows
the model to simulate how land moves back and forth between the two sectors as a result of
environmental and policy impacts. The model was original developed in the US (Adams and
McCarl1999) to examine the market impacts of carbon sequestration policies in the United
States that involved reforestation and afforestation (Alig et al. 2001). However, it has also
been used extensively to assess climate change damages in the two sectors, as well as the
benefits and costs of avoiding climate change damages through adaptation. The EU version
of the model is currently being used to explore the mitigation potential of the agricultural and
forest sectors in the EU; to examine how other EU energy policies, such as bio-fuels policy, will
affect this potential; and finally to determine how climate change impacts in both sectors will
affect their mitigation potential and mitigation costs.

The current version of EUFASOM models both sectors at the country level. However, the new-
est accession countries are not yet included in the model. This is also true of countries, in-
cluding Serbia, Croatia, Montenegro and FYR Macedonia which will join the EU in the next
rounds of EU enlargement. One interesting aspect of the Croatian Human Development report,
A Climate for Change, is that it has led to the preparation of a project proposal that is now be-
ing circulated among both Croatian and multi- and bi-lateral donor agencies, to develop the
capacity to develop and implement a Croatian “module” for the EUFASOM, which can be used
to address a variety of pressing farm and rural development policy issues, including climate
change, even before the country joins the EU.

26 Schneider, et al. 2008.



Annex |l Modelling Information and Base Case Data for Analysing the Economic Impacts of Climate Change on Agriculture

Valuing the Economic Damages of Climate Change on irrigation
Water Availability and the Benefits and Costs of Additional
Reservoir Storage for Irrigation

Valuing the economic losses due to climate change under ideal circumstances requires to ad-
ditional types of models:

e Rainfall-runoff models to account for the effects of projected climate changes on run-
off into the water supply reservoir, and

e AHydro economic model to allocate water from the reservoir to meet irrigation water
demands.

Rainfall-Runoff Models

The main effects of climate change on the potential to store and use more water for irrigation
will occur primarily through changes in the quantity, timing and type of runoff that will be
available for capture in storage reservoirs due to changes in precipitation and temperature,
and through increased surface water evaporation due to higher temperatures. These physi-
cal changes can be modelled by means of catchment-level rainfall-runoff models. These are
process-based simulation models that link all of the processes of the hydrologic cycle to the
geophysical and climate characteristics of specific river basins. Such models can be used to
simulate the flow of water, over land, from rainfall to river discharges, through such processes
as overland flow, infiltration, evapotranspiration from natural and managed vegetation, and
groundwater recharge and flow. There are a very large number of such models available in the
private and public sectors, one of which MIKE-SHE, developed by the Danish Hydrologic Insti-
tute (DHI 1998)%, has been calibrated for the country (according to DHI).

Models, like MIKE-SHE, have fairly data-intensive calibration requirements for soils, eleva-
tions, vegetation and various geo-morphologic characteristics in a basin. Automatic calibra-
tion routines make these models easy to use in developed countries, but this becomes more
difficult in data-poor environments. Once a model is calibrated for a specific basin, hydrologic
processes can be simulated using hourly or daily or, in some cases, monthly (depending on
the model) weather/climate data. Examples of the use of rainfall-runoff models to estimate
the effects of climate change on monthly runoff, surface water evaporation on a monthly time
scale to evaluate the economic impacts of climate change and evaporation include a study of
four large US Basins (Hurd et al. 1999) using the variable infiltration capacity (VIC-2L) model
(Nijssen et al. 1997 and Lettenmaier and Wood 1994), studies by Callaway et al. (2008 and
2009) of the Berg River Basin and its associated tributaries using the WATBAL model (Yates
1994) and on ongoing study of several basins in the Western Cape of South Africa using the
ACRU model (Smithers and Schulze 1995).

Hydro-Economic Models
All of the studies, cited previously, used what Hurd et al. (1999) termed a “hydro-economic”
model to simulate the economic impacts of climate changes. This type of model was first de-

27 Danish Hydraulic Institute (DHI). 1998. MIKE SHE Water Movement - User Guide and Technical Reference Manual, Edition
1.1
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veloped by Vaux and Howitt (1984) for estimating climate change damages for large water
resource regions in California. It has been successfully implemented for climate change and
other applications by Booker and Young (1991, 1994) for the Colorado River Basin, by Hurd et
al. (1999) for the Missouri, Delaware and Apalachicola-Flint-Chattahoochee River basins in the
US, and by Ward et al. (2006) for the Rio Grande River Basin in the American Southwest. More
recently, this approach was applied by Callaway et al. (2008, 2009) to the Berg River basin in
South Africa to estimate both climate change damages and the benefits and costs of specific
adaptation measures to avoid these damages.

These models basically transform the physical impacts of reduced runoff and increased sur-
face water evaporation into economic values. They do this by simulating not only the spatially
distributed flow of runoff in a basin to reservoirs and points of water use, but also the dynamic
operation of reservoirs, the optimal allocation of water to consumptive and non-consumptive
uses, and long-term investment in infrastructure based on a mix of objectives. Most hydro-
economic models assume welfare maximizing objectives (economic benefits minus economic
costs) on the part of water users, super-imposed on traditional safety-first criteria of water
planners and the existing allocation procedures in the basin used by water managers.

A graphic representation of a generic model is presented in Figure 1l-1. The schematic shows
three external sources of information that drive hydro-economic models:

e A Regional Climate Model: This model down-scales GCM information about total pre-
cipitation and average daily temperature, by month usually, over a long time period
(30-50 years) for specific weather stations and runoff gages used in a basin for cli-
mate variability/change scenarios.

e A Regional Hydrologic (Rainfall-Runoff) Model: This model converts the spatially-
differentiated monthly temperature and precipitation data for the planning horizon in
the model from the regional climate model into: 1) Monthly runoff at different runoff
gages, 2) monthly reservoir evaporation coefficients for each storage dam, and 3)
temperature-driven monthly adjustment factors to change agricultural and urban wa-
ter demands.

e Inputs about Policies, Plans and Technologies: This represents the source of informa-
tion that can be used to alter various parameters in the dynamic programming core
model to reflect alternative demand- and supply-side policies, plans and technolo-
gies.



Annex |l Modelling Information and Base Case Data for Analysing the Economic Impacts of Climate Change on Agriculture

OUTPUT
Benefits and Costs
Water Value
Water Prices
Reservoir
Inflows
Storage
Transfers
Releases
Evaporation
Water Use
Urban
Farms

Consumptive
Water Use
Module(s)

Intertemporal

Spatial Equilibrium
Module

Non-
consumptive
Water Use

Figure 1.
Regional
Hydrologic
Module

Regional
Climate Model

Figure II-1: Schematic Diagram of a Generic Hydro-Economic Model Used to Simulate the
Economic Impacts of Climate Change on River Basins

The core of a hydro-economic model is generally a dynamic, non-linear programming (optimi-
zation) model. As depicted, it contains three interlinked modules, as follows. Two of the mod-
ules represent the explicit processes associated with top-down or bottom-up representations
of the consumptive or non-consumptive water uses included in the model, as relevant to the
basin. In all of the hydro-economic models, irrigation water demand is determined either by
explicit demand curves for water or by demand curves that are derived from process models of
a particular sector or set of water-using activities. For example, in the studies by Callaway et
al. (2008, 2009) the demand for irrigation water was derived from a series of seven farm-level
optimization models that were nested in the consumptive water use module, while municipal
and industrial water use in Cape Town were represented by explicit downward sloping de-
mand curves. In many applications, non-consumptive water use is modelled using a so-called
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“damage function” approach. For example, in Hurd et al. (1999) several of the basin models
included a damage function for water born transportation in which the loss of net revenue by
shippers was a function of runoff, which is a proxy for channel depth in specific river reaches.
The water demand and damage functions in these modules, serve as the basis for determining
the economic impacts of climate change.

An important feature of the studies in South Africa is that they all looked at how the adding
additional reservoir storage capacity would benefit consumptive and non-consumptive users
of water in their respective basins. The idea behind this was that the existing reservoir capac-
ity, while economically optimal for the “current” climate would not be optimal for a different
climate, as it changed over time. One interesting finding of this part of these studies was that,
in some cases, adding additional reservoir capacity to cope with (adapt to) climate change
was not as physically effective or economically efficient as some other measures, for example
changing the legal water allocation system. Physical effectiveness was found to be related
to economic efficiency through the higher and higher costs of providing additional amounts
average annual storage yield as runoff declined.

Results

The Base Case

Table II-1 and Table II-2 give the main results for the Base Case, including the major crops
grown, the crop mix by land area, irrigation water use by crop and crop yield. There is no ir-
rigation water use in the Base Case for rain-fed crops. The tables also contain information
obtained from the crop budgets, including gross income (which includes both revenues and
subsidies) per ha, fixed and variable costs per ha, and net income per ha for each crop. These
netincome figures are totalled at the bottom of the last column in each tablelt should be noted
that the crop mixes shown in these tables are heavily based on the observed crop mixes in
the region for irrigated and rain-fed crops with some adjustments to account for transient
economic and climatic factors which cause the crop mixes to move around from year to year.
The results of the Base Case are mainly a reference point for the analysis of climate change
damages and adaptation. However, it is instructive to note that the net income margins for the
rain-fed crops are much smaller than for the irrigated crops. Therefore, it is likely farmers on
rain-fed led will be made worse-off than farmers on irrigated lands, because the former have
much lower net incomes and lack access to water.
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Table Il-1: Base Case Crop Results - Irrigated Agriculture
Net Inc./ Net

ha Income
103 MKD | 103MKD

Corn 38.37% 1998 4,116 7,000 9 71 53 18 36,031
Alfalfa 16.15% 841 4,793 10,000 7 78 59 19 15,932
Wheat 10.04% 523 3,263 5,000 10 61 46 15 7,927
Corn for silage 8.20% 427 2,822 35,000 2 78 61 17 7,219
Meadow 5.53% 288 5,716 8,000 6 48 39 9 2,648
Soya 3.51% 183 2,775 3,000 18 62 49 13 2,464
Orchards 2.94% 153 5,379 27,000 12 366 316 50 7,694
Vegetable 2.61% 136 3,807 15,000 15 245 199 46 6,254
garden

Green pepper 2.32% 121 3,714 15,000 20 500 423 77 9,354
Sugar beet 1.98% 103 5,210 50,000 3 133 108 25 2,532
Pepper 1.77% 92 3,714 25,000 12 358 293 65 5,964
industrial

Water melon 0.98% 51 3,379 25,000 7 195 160 35 1,763
and melon

Sour cherry 0.96% 50 5,011 15,000 20 318 255 63 3,170
Sunflower 0.73% 38 3,429 2,500 16 48 39 9 331
Tobacco 0.61% 32 3,753 2,000 170 460 336 124 3,970
oriental

Onion 0.60% 31 4,035 20,000 20 420 354 66 2,057
Potato 0.48% 25 4,035 30,000 12 380 333 47 1,165
Tomato 0.40% 21 4,496 45,000 5 313 260 53 1,113
industrial

Grass mixture 0.38% 20 5,716 8,000 6 48 39 9 180
Cabbage 0.35% 18 3,807 40,000 8 340 295 45 805
Tobacco broad 0.35% 18 4,116 15,000 8 120 95 25 453
live

Barley 0.33% 17 2,392 5,000 9 56 42 14 243
Tomato 0.23% 12 4,496 28,000 15 560 503 57 685
Bean 0.10% 5 3,807 1,500 90 155 128 27 136
Grape 0.08% 5,379 15,000
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Table Il-2: Base Case Crop Results — Rain-Fed Agriculture

Gross
% of i i Income/
Total ha
CROP ha 103 MKD

Wheat 50.00% 7496 3,000 10 36 34 2 14,586
Barley 20.00% 2998 3,500 9 37 33 4 11,624
USRI 2.00% 00 1,200 170 2 2 2,658
oriental . o 53 ) 7 44 85 9 ,65
Sunflower 5.00% 750 1,500 16 29 26 3 2,494
Soya 3.00% 450 1,800 18 37 33 4 1,704
Meadow o
& grasses 19.00% 2848 4,000 6 21 19 2 5,206
Grape 1.00% 10,000 3,738
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