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The economic context of climate
change impacts and an evaluation
of the impacts of the proposed
adaptation measures

in the South Moravian region

of the Czech Republic

Abstract: The problem of climate change was the subject of the project EEA-CZ02-
OV-1-039-2015, which was carried out by partners from the Czech Republic and
Norway. Cost-benefit analysis was applied for 36 cadastral units where co-investi-
gators suggested adaptation measures on the impacts of drought, erosion, retenti-
on and torrential rains. Costs were investments for the creation measures, and loss
of production from the area where the action was on the arable land. Benefits were
based on reducing the negative impacts of climate change and ecosystem services.
The results of the analysis clearly showed that the implementation of adaptation
measures could bring societal benefits beyond the cost of the measures. Net social
benefits at current value are estimated at nearly CZK 55 million for the 2017-2040
timeframe while maintaining the current situation and implementing measures.
Finally, the project develops a comprehensive strategy to harmonise and link the
partial conclusions into the linkages and ensuring the synergy effect of different
types of instruments (e.g. economic, legislative, planning approach,).
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Introduction

The objective of the UZEI research team in the project EHP-CZ02-
OV-1-039-2015 “Complex planning, monitoring, information and educational
tools for adaptation of territory to the climate change impacts with the main em-
phasis on agriculture and forestry management in the landscape” (abbreviated
AdapdaN) was to evaluate the economic impacts of proposed adaptation mea-
sures through cost-benefit analysis (CBA). The evaluated adaptation measures
were focused on the mitigation of impacts of climate change in 36 cadastral units
within the South Moravian region of the Czech Republic. The economic analysis
builds on the data processed by other researchers in the AdaptaN project, inclu-
ding Brno University of Technology, EKOTOXA, s.r.0. and the T.G. Masaryk
Water Research Institute. The proposed adaptation measures are from the group
of close measures which eliminate mainly negative impacts of torrential rain,
soil erosion and thereby topsoil runoff from lands and surroundings, and loss of
nutrients in the soil. Other possible influences and impacts of the measures were
considered which, however, were not addressed due to lack of time.

Methods

CBA works with a set of assumptions and limitations; in an ideal data envi-
ronment the effort is made to express all costs and benefits in the monetary
value. CBA in this case included the overall costs and benefits' for farmers,
land owners, administrators as well as for other users of land and soil ecosy-
stems. CBA works with indicators, where one of the key indicators is the “Net
Present Value” (NPV). The indicator calculates only with the future cash flow.
It says how much money will a given project actually bring or take within
a selected lifetime. Thus, it is not focused on accounting items, such as reve-
nue or costs or some future value of a company, but it solves only the cash
flow which a given investment or generally any project/measure will bring.
The NPV is more suitable for a short-term and medium-term period for the
evaluation of tactic activities of a company.

In the case of the introduction of a new technology, which will be in operation
for x years, the NPV will help to evaluate whether to opt for it or, if there are
more variants, it advises which one to choose. In individual variants there is
the expression of the NPV of social benefits until the year 2040°. In order to
evaluate results, the method of net benefit of measures and the cost benefits
ratio is most often used. The net benefit of measures is usually expressed in
the absolute value by the NPV:

»n

NPV = Z—(B’ —t (1)

(1+7)*
S1(+7)

"' Which were possible to be found out and transferred to financial flows = monetarised.

2 In the case of this project it was 25 years.



where the NPV is the net present value, Bt are benefits in the year t, and r is the
interest rate. To accept a measure, the NPV must be higher than zero. If more
variants meet this condition, the one with the highest NPV is chosen.

Besides costs and benefits, which are quantified and expressed in the moneta-
ry value, there are also specific categories stated for every variant which are
not expressed in the monetary value. Given that financial resources lose their
value with time, costs as well as benefits are burdened by a discount coeffici-
ent, which adjusts financial values to a current value during the whole time of
monitoring of costs and benefits. Thus, the results partially depend on a used
discount rate.

Within the project AdaptaN, which included evaluation of very similar exa-
mples of impacts of climate change and adaptation measures in 36 cadastral
units, sensitivity analysis (Machac¢, 2016) was carried out and the discount
rates of 1, 4 and 8 per cent were tested. It was shown here that the most suita-
ble discount rate for this period of evaluation (24 years) was 4 per cent.

A discount factor is calculated per a formula:

Discount factor = ———— (2)
1+ #)

where 1 is the discount rate and t is the project duration (maturity).

In this analysis, four basic variants were chosen, which were based on the
realisation of measures and the state of climate change, and they are explained
below. The process of work was as follows:

e The first task in this economic evaluation is dedicated to the identification
and qualification of costs and benefits;

e Next, there follows a phase of quantification of costs and benefits from the
measure in natural units from more resources;

* Discounting of costs and benefits was carried out according to a work do-
cument (or process) compiled by Slavikova (2016);

* The prepared materials subsequently enter into individual variants, for
which there are evaluated costs and benefits shown below;

The economic evaluation by the CBA then leads to the conclusion, completion
of qualitative costs and benefits;

e The basic criterion for the creation of variants is an optional condition,
when a farmer considers an option, if he/she implements a measure or
not. The second criterion is not dependent on the decision of the farmer; it
works with the assumption whether a climate change will occur or not. The
chosen variant of climate change is based on a median of contemplated
variants of climate models (Trnka et al., 2015).
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The four variants used were as follows:

e Variant 1: without measures, without change of climate. It does not consi-
der the realisation of any measures, it counts with maintaining of the cur-
rent situation, i.e. it ignores potential impacts of climate change, it includes
only current risks;

e Variant 2: without measures, with change of climate. It does not consider
the realisation of any measures, it counts with impacts of climate change;

e Variant 3: with measures, without change of climate. Considers the reali-
sation of measures proposed in 36 cadastral units and it counts on maintai-
ning of the current situation, i.e. it ignores potential impact of climate
change, it includes only current risks;

e Variant 4: with measures, with change of climate. It considers the realisati-
on of adaptation measures proposed in 36 cadastral units and it counts with
impacts of climate change.

Within the requirements of the project a comparison of overall costs and be-
nefits expressed in the present value to 1 July 2016 was carried out with the
time horizon until the year 2040. The condition of climate change could work
only with selection of impacts in the calculation. More precisely, it meant that
impacts were measured as changes in soil compaction, increase of proposed
rainfall in the calculation of erosion and decrease of water retention in soil.
The calculation of CBA used did not use directly model processing of climate
change during the whole period, but it used data in the actual situation (2016)
and after 25 years with or without the realisation of measures (2040). Sub-
sequently, there was a decomposition of impacts of climate change linearly
through individual years in order to avoid the necessity to determine the year
when there will occur a step change from the current state to a state correspon-
ding with impacts of climate change subjectively.

Results

The overview of impacts of erosion of agricultural land for chosen terriers
provided data about erosion losses for variants of the current state (2016) and
climate change (2040). In Table 1, differences of values are stated in tonnes
per hectare per year which it retains due to the adaptation measures per the
used model for the calculation of erosion — USLE. Impacts of measures were
expressed in overall amounts per terrier and per pilot area. The overall pilot
area was 34,434 ha of fertile ground, vineyards and orchards.

For the calculation of costs, it was necessary to quantify the proposed reali-
sations of individual measures in individual cadastral units. In the monitored
area, ten types of measures were evaluated within the economic analysis:

e Exclusion of erosion dangerous crops including maize, other crops without
limitation (VENP);



e Exclusion of erosion dangerous crops, in the crop rotation there will be no
maize, but other crops will be grown in contour lines and without ploughing
until there is mulch after harvesting (VENP2);

e Maize grown to cover crops, other crops without limitation (AGT);

e Maize grown to cover crops, other crops will be grown in contour lines and
without ploughing until there is mulch after harvesting (AGT2);

e QGrassing;

e Afforestation;

e Stabilisation of pathway of concentrated runoff (PCR);
e Dam;

e Furrow;

e Retention area.

Data about areas of individual measures within the researched area are shown
in Table 2. Based on these measures, three categories of relevant costs were
identified. Besides the initial investment costs, operational costs as well as
opportunity costs were included in the evaluation. This division of costs is
commonly applied in the processing of CBA. The data resources were the
realised measures with similar parameters, professional studies, catalogues
of building works and market research in the form of non-binding inquiry.
Opportunity costs of the concerned area caused by the realisation of measures
on arable land (e.g. building of furrow or grassing) were calculated based on
the contribution to cover fixed costs and profit from the concerned cultivation.

Within the AdaptaN project, there was the monetarisation of five types of be-
nefits which occur in the case of the realisation of measures and they de facto
decrease the negative impact caused by water erosion and low retention of
water in soil. It included the additional benefits from:

¢ Cost savings from recovering of washed down topsoil back on land blocks;

¢ Cost saving from removal of topsoil washed down from water streams and
reservoirs;

e Cost savings from lost soil;

e Replacement of nutrients;

e Savings from irrigation thanks to higher retention of water in the landscape.

The process of discounting included costs for solving erosion, benefits stem-
ming from the realisation of measures in the form of reduced erosion activity
and decrease of quantity of soil which is washed down, and thus to lower costs
for solving erosion. In the case of water retention, it was cost of irrigation in
the scope of water volume which will be retained by the realised adaptation
measure. The amount of partial benefits per one effect in prices of the year
2015 is based on the UZEI methodology within the AdaptaN project (Table 3).
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=294 Table 1. Statistics of erosion in 36 cadastral units of the pilot area (quantity of
soil runoff in tonnes per hectare per year)

<
g_ Name of cadastral | variant variant variant variant | difference | difference
o unit 1 2 3 4 land3 | 2and4
5' Climate Climate Climate
S change change change
S Archlebov 223 472 2.8 5.7 19.5 41.5
S Bohumilice 289 63.0 3.8 8.1 25.1 54.9
) Boleradice 29.8 63.0 2.0 4.0 27.8 59.0
Botetice u
Hustope¢i 15.4 311 2.6 49 12.8 26.2
Brumovice 16.5 34.6 2.6 5.2 13.9 294
Cejkovice 21.3 45.7 2.4 5.2 18.9 40.5
Damboftice 21.2 45.7 4.3 9.0 16.9 36.7
Dolni Bojanovice 6.9 13.2 2.4 4.2 4.5 9.0
Dubnany 1.7 2.8 1.0 1.7 0.7 1.1
Hodonin 1.0 1.6 0.6 1.0 0.4 0.6
Horni Bojanovice 35.2 76.2 1.9 4.2 333 72.0
Hrusky 1.4 2.3 1.0 1.7 0.4 0.6
Josefov u Hodonina 8.1 15.6 1.9 3.4 6.2 12.2
Kasnice 19.7 42 3 6.4 16.7 35.6
Klobouky u Brna 28.6 61.4 2.7 5.5 25.9 55.9
Kiepice u 14.3 31.6 5.1 114 9.2 202
Hustopeci
Ladna 1.3 2.3 0.7 1.2 0.6 1.1
Lov¢ice u Kyjova 24.4 51.3 3.0 6.2 21.4 45.1
Luzice u Hodonina 1.5 2.5 0.7 1.1 0.8 1.4
Mikulcice 1.5 2.6 0.9 1.6 0.6 1.0
I\V/[;ra“ka Nova 2.7 52 0.9 1.6 1.8 3.6
Moravsky Zizkov 2.7 4.7 1.5 2.5 1.2 2.2
Morktvky 26.0 54.2 3.6 7.2 22.4 47.0
Muténice 13.3 26.2 2.6 4.8 10.7 21.4
Nikol¢ice 10.9 23.4 2.8 5.8 8.1 17.6
Novy Poddvorov 12.6 22.8 3.2 5.5 9.4 17.3
Prusanky 6.3 10.5 1.6 2.7 4.7 7.8
Ratiskovice 1.9 3.1 0.5 0.9 1.4 2.2
Rohatec 1.1 1.8 0.7 1.2 0.4 0.6
Stary Poddvorov 17.3 31.5 3.2 5.8 14.1 25.7
Terezin u Cejée 11.8 23.4 1.9 3.7 9.9 19.7
Tvrdonice 2.5 5.0 0.8 1.4 1.7 3.6
Uhfice u Kyjova 24.2 50.7 4.2 8.6 20.0 42.1
Velké Hostéradky 31.7 70.3 3.1 6.8 28.6 63.5
Vrbice u Vel. 23.0 44.6 3.5 6.9 19.5 377
Pavlovic
Zdénice 22.1 47.1 2.2 4.4 19.9 42.7

Source: own data.



Table 2. Areas that are considered for partial measures in individual cadastral

units (in ha)
Affor Reten-
Nameof | VEN |ypNp2 | aGT | AGT2 |G | est- | PCR | Dam [P " tion
cadastral unit P sing . w
ation area
Archlebov 353 | 53 | 1776 | 993 | 316 | 00 | 15 | 39 | 07 | 71
Bohumilice 89 | 694 | 388 | 448 | 380 | 00 | 1.1 | 05 | 00 | 99
Boleradice 00| 00 | 298 | 1120 | 763 | 00 | 68 | 05 | 00 | 27
Eﬁﬁ“ce u 107.1| 175 | 82.1 00 [ 135] 00 | 30 | 00 | 0.0 | 00
Brumovice 0.0 | 17.7 | 1504 | 817 | 336 | 00 | 40 | 1.9 | 00 | LI
Cejkovice 1148 | 1270 | 1514 | 6304 | 139 | 0.0 | 168 | 2.6 | 12 | 48.1
Dambofice 00 | 00 | 498 | 4348 | 374 | 00 | 7.8 | 61 | 1.0 | 118
Dolni 714 | 145 | 520 00 | 00| 00 | 00 | 00 | 1.1 | 320
Bojanovice
Dubfiany 1635| 0.0 | 920 00 | 00| 00 | 38 | 00 | 14 | 124
Hodonin 231 | 00 | 1030 | 00 | 00| 00 | 00 | 00 | 1. | 00
Homi 00| 00 | 261 | 279 | 36| 00 | 00 | 00 | 00 | 23.1
Bojanovice
Hrusky 349 | 0.0 0.0 00 | 00| 00 | 00 | 00 | 01 | 109
JosefovuHod. | 297 | 00 | 1013 | 00 | 00| 00 | 00 | 04 | 12 | 192
Kasnice 00| 00 | 155 | 476 | 00| 00 | 06 | 1.0 | 02 | 76
g}_g:‘“‘ky 4 31| 503 | 2257 | 3368 | 989 | 0.0 | 89 | 123 | 05 | 125
Kfepiceu Hust. | 0.0 | 209 | 1134 | 47.9 | 42| 00 | 69 | 1.6 | 02 | 3.1
Ladna 00 | 00 0.0 00 | 00] 00 | 00 | 0.0 | 0.0 | 00
Lov€iceu 00 | 00 | 1150 | 2340 | 226 | 00 | 36 | 22 | 0.1 4.1
Kyjova
Luzice u Hod. 00 | 00 0.0 00 | 00 100] 00 | 00 | 00 | 00
MikulGice 00 | 00 0.0 00 | 00] 00 | 00 | 0.0 | 0.0 | 00
Q,A;’sraVSka N. 00 | 00 | 1845 00 | 00| 00 | 00 | 00 | 00 | 74
Moravsky 102 00 | 1059 | 00 | 00| 00 | 00 | 00 | 00 | 26
Zizkov
Morkavky 0.0 | 755 | 286 | 1676 | 6.1 | 00 | 3.6 | 05 | LI 1.8
Muténice 11.9 | 00 | 4719 | 3049 | 150 | 0.0 | 84 | 41 | 00 | 242
NikolGice 97 | 146 | 2269 | 734 | 223 | 00 | 6.6 | 26 | 01 | 2.8
Novy 380 | 206 | 1115 | 143 | 00| 00 | 1.6 | 00 | 00 | 1.0
Poddvorov
Prusénky 1978 | 448 | 167 | 238 | 00 | 00 | 34 | 00 | 00 | 92
Ratiskovice 762 | 0.0 6.0 00 | 00| 00 | 09 | 03 | 20 | 56
Rohatec 117 | 00 | 865 00 | 00| 00 | 00 | 00 | 00 | 23
Stary s1| 785 | 670 | 289 | 00| 00 [ 32 | 03 | 00 | 33
Poddvorov
Terezinu Cejde | 127 | 0.0 | 1520 | 7.0 | 267 | 0.0 | 24 | 0.0 | 00 | 113
Tvrdonice 00 | 00 0.0 00 | 00| 00 | 00 | 00 | 00 | 00
Uhfice u 00| 00 | 917 | 2740 | 36| 00 | 55 | 73 | 07 | 23
Kyjova
V. Hostéradky | 0.0 | 18.5 | 199 | 709 | 252 | 00 | 1.0 | L1 | 03 | 13.1
Vrbice u
Velkych 2.1 86 | 974 | 1868 | 00| 00 | 109 | 3.0 | 03 | 135
Pavlovic
Zdanice 0.0 | 00 | 849 | 1886 |1658| 0.0 | 41 | 14 | 13 | 139
Total 967.0 | 583.7 | 32752 | 3,437.3 | 6383 | 10.0 | 116.1 | 53.3 | 144 | 319.8

For abbreviations see text.
Source: own data.
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=296 Table 3. Amount of partial benefits (costs) in prices of the year 2015

< Benefit/costs connected with: Amount

%_ Restoration of washed down topsoil back on land blocks CZK 204 per tonne
@ Removal of washed down topsoil from water streams and reservoirs | CZK 650 per tonne
Q:)' Purchase of lost soil CZK 205 per tonne
.E’,_ Replacement of nutrients CZK 5,188 per tonne
8. Water retention in the landscape CZK 7 per m’

Q<>~ Source: Slavikova (2016).

The total current costs for the realisation of the ten measures in the researched
area were CZK 4.45 billion (variants 3 and 4). Costs of the realisation of
measures were significantly different between individual cadastral units de-
pending on types of measures, area on which they were realised, the total size
of a cadastral unit. Costs connected with erosion were in all cases included in
costs within the CBA, in benefits there were saved costs, which occur thanks
to the realisation of adaptation measures. Thus, benefits include the difference
between costs for removal of erosion impacts in case of not implementing
measures and in case of implementing measures. The calculation of present
costs and benefits is summarised in Table 4, where values are expressed as the
current value at 1 July 2016.

Table 4. Current value of benefits and costs of individual variants (million CZK)

Variant 1 Variant 2 Variant 3 Variant 4
B/C connected with: C B C B C B C B
Realisation of 4,447 4,447
measures
Restoration of
washed down topsoil | 1,066 1,542 177 889 248 1,294
back on land blocks
Removal of washed
down topsoil from |, ;| 1,464 163 | 848 | 229 | 1,235
water streams and
reservoirs
Purchase of lost soil 319 462 51 267 72 390
Nutrient replacement | 4,075 5,892 676 3,399 947 4,945
Water retention in 166 166 166 166
the landscape

Source: Machac (2016).

Based on the calculations of costs and benefits for individual variants, it was
possible to express the net social benefit of individual variants as the diffe-
rence between benefits and costs expressed in the present value. In case of
variants 1 and 2, there were costs for measures and benefits from them equal
to zero and it was so in case of maintaining the current state of erosion as well
as in case of increase of the erosion activity due to climate change, where cli-



mate change deepened the social loss even more. On the contrary, variants 3 297
and 4 were socially beneficial measures, where benefits exceeded costs for the
realisation of measures and costs of the remaining impacts of erosion, which

has an impact on the area despite the realisation of measures (Table 5).

Table 5. Net social benefit of individual variants (thousand CZK)

Variant Costs Benefits Net social benefit | Ratio B/C
1 6,636,870 0 -6,636,870 0

2 9,525,420 0 -9,525,420 0

3 5,514,434 5,569,200 | 54,766 1.01

4 5,941,924 8,030,260 | 2,088,335 1.35

Source: Machac (2016).

Per the net economic benefit, it was shown that the most socially beneficial
was the realisation of adaptation measures, which will have a net social benefit
of CZK 2.09 billion even when climate change will be CZK 55 billion or it
will not happen at all. Not realising the measures will, on the contrary, cause
a loss of CZK 9.53 billion in case of climate change and with the assumption
of maintaining the current erosion activity, a net social loss of CZK 6.64 bil-
lion was calculated.

The indicator of the ratio of benefits and costs in individual scenarios ex-
presses the social benefit per unit of costs. A measure is usually accepted if
this ratio is higher than one, and it also means that for CZK 1 of costs there
should be a benefit of more than CZK 1. In case there will be no significant
manifestations and impacts of climate change on erosion and therefore on the
agricultural activity, the narrow B/C ratio was found, however, in the case of
climate change over 25 years, the ratio increased to CZK 1.35 of benefits per
CZK 1 of costs. Thus, this led to the social valorisation of costs by 35 per cent.

Besides the above stated monetarised benefits, there may be also considered
other benefits which, however, were not monetarily evaluated due to financial
and time requirements. In order to state other benefits, it is possible to start
from the concept of ecosystem services, which determines anthropocentric
benefits provided by ecosystems, or more precisely by services that these eco-
systems create. Ecosystem services are most often divided into production,
support, regulatory, ecological and cultural.

Conclusions

The study of economic impacts in the AdaptaN project compared costs and
benefits of impacts of erosion activity and realisation of adaptation measures
in four variants. These variants were different in two conditions, the first was
related to the realisation or non-realisation of adaptation measures and the
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second was related to the application or non-application of impacts of climate
change. In costs, the potential realisation was calculated of measures accor-
ding to the models, more specifically ten types of measures, with costs for
removal of erosion activity and costs for irrigation. Benefits were expressed as
cost savings from removal of erosion impacts and cost savings from irrigation.
However, due to time limitations, it was not possible to quantify other possible
benefits. Annually, the pilot area (34,434 ha) currently loses 436,783 tonnes
of quality topsoil due to erosion. If climate change occurred and no measures
were in place, the impacts without measures would be around double and thus
representing a threat of 905,608 tonnes of topsoil. In case of implementation
of measures, there would be significant decrease in washed down topsoil in
the pilot area, currently it would be 72,015 tonnes a year and after climate
change 141,386 tonnes.

Based on the comparison of net social benefit in the basic variant, it was
shown that it is socially beneficial to realise the adaptation measures. This
was valid for maintaining the current state of erosion activity as well as in
the occurrence of negative impacts due to climate change. A significant role
in quantification of costs and benefits was played by the discount rate and
the rate of return of nutrients. However, this had no impact on the order of
scenarios. In the case of maintaining of the current situation of climate and
realization of measures (variant 3), the net social benefit in the present value
would be almost CZK 55 million in the time horizon of 2016 to 2040. In the
case of the modelled impacts of climate change and realisation of adaptation
measures, the net social capital would be CZK 2.1 billion.

The analysis of costs and benefits implies that it is recommended to realise
adaptation measures regardless of whether there will or will not be negative
impacts of climate change. If social benefits are not achieved, there will at

least be a minimisation of social losses.
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