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Abstract

:

Agriculture is highly dependent on climate change, and Cyprus especially is experiencing its impacts on agricultural production to a greater extent, mainly due to its geographical location. The adaptation of farming to the effects of global climate change may lead to the maximization of agricultural production, which is an important and desirable improvement. The main aim of this paper is to rank and quantify the impacts of climate change on the agricultural sector of Cyprus, through a multi-round Delphi survey seeking a consensus agreement in a group of experts. A multidisciplinary group of 20 experts stated their willingness-to-pay for various impacts of climate change. By applying this method, the individual impacts of climate change on crop production and water resources were brought into the modeling effort on equal footing with cost values. The final cost impact estimate represents the total estimated cost of climate change in the agricultural sector. According to the results, this cost reaches EUR 25.08 million annually for the agricultural sector, and EUR 366.48 million for the whole country. Therefore, it is expected that in the seven-year programming period 2014–2020 the total cost of climate change on agriculture ranges from EUR 176 to EUR 2565 million. The most significant impacts are due to the increasing level of CO2 in the atmosphere and the burden of biodiversity and ecosystems.
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1. Introduction


The climate of Cyprus, as a typical Mediterranean country, is semi-arid with mild, wet winters and hot, dry summers. According to the literature [1], the mean daily minimum temperatures during winter and summer are 5 °C and 36 °C, respectively, with a slight upward trend every year. Cyprus has limited water resources and the highest Water Exploitation Index (45%) in the European Union [2]. The Water Exploitation Index is an indicator that illustrates if a country is water stressed or not. According to the literature [3], the threatening level is 20%, distinguishing a water non-stressed area from a stressed one. The combination of limited availability, especially during years of excessive drought, and excess demand for water among competing uses is the principal cause of water scarcity. Drought is a very frequently occurring condition that mainly occurs due to the large inter-annual decrease in precipitation. According to the literature [4], during the last 40 years, drought incidents have increased not only in frequency (every two or three years) but also in duration and magnitude.



During the decade 1990–2001, Cyprus was under high pressure mainly due to severe droughts occurring on the island, with important negative impacts on the ecosystems. According to the literature [5], the satisfactory irrigation of forests has been negatively impacted by the reduced rainfall, which has significant implications:




	
reduced inflows to dams and wetlands



	
reduced water for irrigation



	
unsatisfactory recharge of the aquifers



	
reduced domestic water supply risking the quality of life and citizens’ sanitation



	
adverse effects on biodiversity



	
social, economic, and environmental adverse effects



	
threat of fires due to drylands



	
uncontrolled fires and environmental disasters








Climate and agriculture are usually related via a procedure of two-way impacts [6]. Since time immemorial climate (at a local, regional and global scale) has been influenced and shaped by agricultural activities, and vice versa [7,8]. The available soil moisture and the levels of heat transfer rising between the ground and the atmosphere are determined by plant cover rate due to irrigation. Therefore, agriculture is significantly affected by climate change while the global climate has been also affected by agriculture, as (in its broadest sense, including livestock production that emits some of the greenhouse gases) it is a high-contributing activity to the acceleration of climate change. It is estimated that agriculture generates 20% of carbon dioxide (CO2) worldwide [9], and it contributes about 42% of the increasing N2O emission into the atmosphere [10], as well as more than half of the world’s emissions of CH4 [11,12]. According to [13], a combination of many human activities or natural changes directly or indirectly affects climate change, which is also affecting the sustainable agricultural development in a positive or negative way.



Climate change is a threat to agricultural activity, but according to [14] it may be also a significant challenge, as agriculture is among the economic sectors that are most sensitive to climate change, and thus any action on the direction of climate change delay could be linked with high potential and desirable improvements. Global food production, food prices, welfare, and global GDP are predicted to be negatively influenced by climate change, while the estimated welfare losses will be significant [11,15].



During the 1960s, according to [16], the management of water resources became particularly complicated and difficult for both irrigation and domestic use. The lack of public water infrastructure and the ever-increasing water requirements were the main reasons for this problematic situation. On the other hand, among the main governmental priorities was the stable supply of high-quality water, in order for food security and socio-economic development not to be affected by water scarcity [13]. Considering that agriculture was the main pillar of the national economy, responsible for more than 20% (before the year 1980) of the national gross domestic product (GDP), any action towards agricultural productivity was an important and desirable improvement. Nowadays, the national economy has changed dramatically as the country becomes service-oriented and -dominated. Although the contribution of agriculture to the whole national economy is rapidly decreasing, accounting for less than 2% of GDP and 7% of the total workforce (year 2014), agriculture remains the dominant water consumer, using more than 60% of total water supply [17]. During the last five decades, the government has constructed many dams and water reservoirs in order to store as much freshwater as possible. According to [18], the national water storage capacity has multiplied 50 times, increasing from 6 million cubic meters in 1960 to 327 million cubic meters in 2009.



According to [19], the productivity of the agricultural sector in Cyprus and the resulting productivity of the national economy have been both determined by weather conditions and climate change. Climate is one of the most important factors influencing farming systems and farm incomes. The establishment of the quantity and quality of farming output depends on the ideal level of harmonization between the characteristics of harvest species and the surrounding climate and atmosphere conditions. It is obvious that each action of rural activity is influenced by climate, requiring the persistent adjustment of farming to a wide scope of elements. Hence, to permit the support of satisfactory standards of future farm production, the adjustment of farming to the impacts that represent straightforward environmental change (i.e., global warming, soil salinization, an increase of CO2 concentration, and drought) ought to be focused on.



This paper mainly aims to distinguish, rank, and evaluate the cost of climate change on Cypriot agriculture, using primary data from a structural survey and utilizing the already existing knowledge and information of a group of experts. In particular, 20 experts engaging in climate change research (academics, staff scientists, policy makers and large farmers) have been selected via a specific selection procedure, described in detail in the next section. A modified Delphi method has been employed, including several rounds, interactive procedures, and quantification of the responses. According to [20,21,22], willingness-to-pay (WTP) is a widely use technique that allows better valuation of non-market goods or services than any another methodology. Thus, repeated WTP values have also been included in the survey of experts, in order to quantify climate change impacts and the transformation of ecosystem and environmental services [23]. The WTP technique asks people directly to state how much they would be willing to pay for a non-market good or service, and belongs to the group of “stated preference” methods, rather than inferring values from actual choices, as do the “revealed preference” methods. The WTP approach has been widely criticized, mainly because it is based on hypothetical and not observed behavior. However, the WTP approach belongs among a very few techniques allowing the valuation of non-market goods or services. In this paper, the WTP approach has been used additionally to support the Delphi methodology in assessing the adaptation cost of Cypriot agriculture to climate change, and in quantifying the impacts of climate change on agriculture. From a methodological viewpoint, this paper offers a novel research framework to estimate the adaptation cost of any country’s agriculture to climate change. From a practical viewpoint, this paper employs a methodological mix of both qualitative and quantitative approaches, to value several impacts of climate change on agriculture, and to adapt appropriate policy measures to avoid even higher costs in the future.




2. Methodology


The conventional Delphi approach was first described by [24]. Today, it is a well-established and widely used forecasting process framework based on the results of multiple rounds of questionnaires sent to a panel of experts [25]. Τhe Delphi consensus technique has been employed by the research community as a solving tool for a wide range of problems, utilizing experts’ viewpoints and knowledge. According to [26], the Delphi approach has been applied most commonly in natural and environmental resources management issues. However, climate change issues have been also analyzed with the Delphi approach, but only in three research papers [27,28,29].



In this paper, a modified Delphi-type methodology has been developed using experts’ WTP values in order to extract quantified results. Although a traditional survey could be used with a group of experts or stakeholders to gather primary data concerning climate change impacts, the employment of a modified Delphi approach has been judged to be a stronger methodology. Among the novel approaches falling between qualitative and quantitative, the “choice experiments”, the “simulated client techniques” and the “nominal group techniques” have been also mentioned [30]. However, according to the same source, all these limited dependent variable approaches contain two important inherent weaknesses: (a) discrete choices provide less information as they accept only ordinal data, and (b) the mean values and the variances on the abeyant scale cannot be detached, and they are totally confused. According to the report of Okoli et al. [31], among others, the following reasons justify the suitability of the selected quantitative Delphi methodology to the paper’s aims:




	
there is no need for a physical meeting of experts



	
there is no requirement for a large number of experts, but for a small number of the most specialized ones



	
it’s an appropriate method to rank climate change impacts



	
it can be used additionally to evaluate climate change impacts (using WTP values)



	
a deeper understanding of the complex research question has been allowed



	
it’s a flexible method to follow-up interviews



	
it’s a compatible method for complex study questions that require deep knowledge



	
it’s a compatible method for compound concerns that need practical experience from experts, who deeply understand several dimensions of climate change (economic, environmental, agronomical, social and political).








At the beginning, invitation letters were sent to the selected experts asking them to participate in the surveys and complete the requested steps. In the present study, the employed methodology involves three separate stages. First, an open-type survey tool has been initially e-mailed to experts’ accounts, asking for their general views and insights into narrowing down the list to the most important climate change impacts. Following this, based on the results of the previous stage, a modified “ranking-type” version of the survey has been developed and e-mailed to the same experts [32]. Finally, a closed-type survey has been sent to the group of experts to estimate the most important climate change impacts using WTP values.



According to [33], any Delphi panel must consist of 15–60 experts. To ensure that the selected experts meet some pre-defined desirable characteristics, purposive sampling was used in a larger group of potential experts [34]. Eventually, the panel in this research included 20 selected experts engaged in climate change research (academics, staff scientists, policy makers and large farmers). Panel members’ selection was heterogeneous, given that the literature demonstrates that decision-making groups perform better when they are heterogenous [35]. This panel of experts has been designed and manned in a very meticulous way, in order to represent the wide number of stakeholders and to increase the reliability and validity of quality indicators [36]. Figure 1 presents the employed general multi-step selection procedure of panel experts based on the guidelines of the literature [37,38,39,40,41].



The selection procedure of experts was followed by the first step of data collection, in order to address the research aims. Each expert was asked initially to list at least six important impacts of climate change on Cypriot agriculture. Based on the results of this first stage, a list of grouped climate change impacts was generated, merging alike or similar responses via a creative process. In the second stage this generated list was sent to the heterogeneous group of experts, asking them to validate our interpretation of their responses. In the third stage each expert was asked to rank hierarchically the climate change impacts on the basis of their effects on the primary sector. In the final stage, each expert was asked to recommend a hypothetical maximum WTP amount to avoid these climate impacts (one by one). Each expert was asked to mention one indicative amount per climate change impact, without having any upper or lower limit. The only information they received was the average price and standard deviation of the balances per impact category. They did not have the ability to directly affect the prices of the rest, nor did they know the names of the panel members. They were asked to change their choices (they were free to accept or not) in order to decrease the standard deviation of the responses (consensus condition). The consensus condition in this paper was satisfied when the standard deviation of all expert’s WTP values for all climate change impacts did not exceed 30% of the mean WTP value of the impacts. The final step was repeated several times (three in this case) until the consensus condition was met. In the cases of unsatisfied conditions, each expert was asked to recommend an improved hypothetical maximum WTP value closer to the respective mean WTP value. Figure 2 presents a flow chart of the data collection process.




3. Results


Following the research plan, the group of experts participated with remarkable consistency, replying in a satisfactory way to all requested surveys. The experts were requested, during these repeating rounds, to change their offers in order to obtain a degree of consensus. In that way, the standard deviation of all experts’ WTP values continuously decreased until the satisfaction of the consensus. As already mentioned, the consensus condition was not able to be met during the first and second round. However, finally in the third round, consensus among the expert panel was gained. Figure 3 presents graphically the satisfaction of consensus concept after three rounds using the red line limit. It is obvious that during the third round the mean standard deviation of all impacts was less than 30% of the mean WTP value of the impacts (located to the left side of the red line).



Table 1 presents the experts’ rating results for each one of the climate change impacts during the first, second and third rounds, respectively. It summarizes the experts’ valuation of statements, expressed in monetary units of EUR maximum, EUR minimum and EUR mean annual Willingness-To-Pay, as assessed using the hypothetical or dependent valuation, including the respective standard deviations. According to the first round’s results, in almost all climate change impacts (except increased fire incidents) the minimum WTP value was zero, while the calculated mean values ranged from EUR 8.47 (diversification of agricultural production and agricultural trade) to EUR 33.16 (increasing of CO2 concentration). These amounts represent the initial WTP of the panel of experts in order to avoid the climate change impacts on Cypriot agriculture. A typical expert (represented by the mean values of all experts) estimates the negative impacts of climate changes to agriculture to equal EUR 299.93 (Sum of average values of all impacts). Both minimum and maximum values, in all rounds, have been calculated using mean values and standard deviations. Particularly, the maximum values were calculated by adding the mean values and the respective standard deviations. On the other hand, the minimum values were calculated as the differences between mean values and the respective standard deviations. In case of negative differences, the respective minimum values have all been set to zero. Thus, extreme values of climate change impacts are side-stepped, and the probability of calculating extreme positive or extreme negative WTP amounts is restricted, achieving more representative evaluation. During the second round the average WTP values ranged between EUR 8.97 (diversification of agricultural production and agricultural trade) and EUR 33.08 (increasing of CO2 concentration), while during the third round the average WTP values ranged from EUR 9.50 to EUR 32.66. It is worth mentioning the average WTP values from one round to another were significantly changed. On the other hand, both maximum and minimum values have changed, almost approaching the respective average values, while the respective standard deviations have decreased.



The following Figure 4, Figure 5 and Figure 6 illustrate the quantification procedure for all groups of climate change impacts on the agriculture of Cyprus, using cobweb diagrams of the average WTP values given by experts. Considering that no significant changes were observed among the mean values of the three rounds, it is obvious that the respective cobweb diagrams will be similar, as the aggregated mean climate change effects in the three rounds were very close, ranging from EUR 300 to EUR 311.



According to the report of Dalkey et al. [24], when selecting experts in a Delphi methodology, we accept that they are more aware of a problem than the rest of the population. Thus, we can adjust the Willingness-To-pay amounts of experts to the whole population. Based on the most recent data (year 2018) of the statistical service of Cyprus, the whole population and the agricultural population of the island were 1,198,575 and 82,040, respectively [42]. When converting the final values of climate change impacts to the national level, the whole cost of climate change for the agricultural population of Cyprus has been estimated at EUR 25.08 million, and for the total population has been estimated at EUR 366.48 million, both on a yearly basis. Based on the expert’s viewpoints, among the most important climate change impacts should be considered the “increase of CO2 in the atmosphere” and the “burden of biodiversity and ecosystems”. On the other hand, among the less important impacts should be considered the “variability of productivity” and the “diversification of agricultural production and agricultural products trade”. The following Table 2 presents the conversion of mean estimations to national levels for each climate change impact (for the agricultural and whole populations of the research area).




4. Conclusions


The overall goal of this paper was to investigate climate change issues regarding their impacts on agriculture and water resources in Cyprus. Furthermore, this paper highlights the importance of a mutual understanding among all key stakeholders involved in water resources management and agricultural activity in Cyprus. This paper contributes both methodologically and empirically to the literature by offering a novel context for obtaining quantified and comparative results. Considering that the estimation of the cost of agricultural adaptation to climate change is a very crucial step for designing practical policy measures, any issue related to the quantification of climate change impacts is of great importance. The empirical results of the study confirm the basic argument presented, namely that agricultural activity and irrigation management in Cyprus are both significantly changing as a result of the wider climate change process.



The WTP questions incorporated a very simple discrimination and grouping of climate change impacts. Thus, the numerical EUR value results, concerning avoiding these impacts, must be interpreted with caution and primarily for comparative purposes. The 14 identified impacts of climate change could not be added, as the effect one impact includes some of the other mentioned impacts. The quantification of climate change impacts is only useful to compare the differences, and design policy measures. The summation and reduction of the effects at the national level are completely indicative and aim only at outlining the adaptation cost of Cypriot agriculture to climate change. A second limitation is that what we proposed to measure was not always well measured by the experts. The panel results suggest that some participants were not valuing the climate change impacts based on their expertise but were greatly influenced by the responses of others or by the literature, and generally their WTP may not be representative of the society as a whole. However, the subjective nature of the research problem was not compatible with other more objective valuation approaches. The selection of the methodological mix of the research, although it had many disadvantages, extracted some hypothetical results that are important for comparison purposes, and useful for policy proposals. A more exhaustive analysis, using real values, is still an important pending issue in order to shed light on desirable structural changes of Cypriot agriculture, and on the principles and mechanisms that enable these changes. The findings that arose from the described method can provide public authorities with valuable information, that might be used to address issues of sustainability in the water sector and could help to implement strategy in agriculture policy.
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Figure 1. Procedure for selecting experts. 
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Figure 2. Data collection process. 
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Figure 3. Satisfaction of consensus concept (after 3 rounds). 






Figure 3. Satisfaction of consensus concept (after 3 rounds).



[image: Atmosphere 11 00536 g003]







[image: Atmosphere 11 00536 g004 550] 





Figure 4. Results of first Delphi round (mean WTP values). 
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Figure 5. Results of second Delphi round (mean WTP values). 
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Figure 6. Results of third Delphi round (mean WTP values). 
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Table 1. Rating results for the Delphi first, second and third round’s Willingness-To-Pay values (EUR maximum, EUR mean and EUR minimum).
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Impacts of Climate Change

	
First Round’s Results

	
Second Round’s Results

	
Third Round’s Results




	
Max

	
Mean

	
Min

	
Standard Deviation

	
Max

	
Mean

	
Min

	
Standard Deviation

	
Max

	
Mean

	
Min

	
Standard Deviation




	
I1

	
71.17

	
33.16

	
0.00

	
38.01

	
41.17

	
33.08

	
26.18

	
7.50

	
37.14

	
32.66

	
28.17

	
4.49




	
I2

	
60.55

	
30.00

	
0.00

	
30.55

	
46.11

	
31.00

	
17.89

	
14.11

	
39.34

	
31.11

	
22.88

	
8.23




	
I3

	
59.68

	
29.15

	
1.38

	
29.15

	
35.99

	
25.56

	
15.13

	
10.43

	
34.47

	
27.52

	
20.56

	
6.96




	
I4

	
54.82

	
24.42

	
0.00

	
30.61

	
38.92

	
25.57

	
12.21

	
13.36

	
32.19

	
25.01

	
17.82

	
7.19




	
I5

	
55.00

	
24.12

	
0.00

	
30.79

	
39.22

	
25.77

	
12.31

	
13.46

	
31.14

	
24.63

	
18.11

	
6.52




	
I6

	
49.14

	
23.89

	
0.00

	
36.30

	
29.13

	
24.89

	
20.64

	
4.25

	
30.09

	
24.62

	
19.14

	
5.48




	
I7

	
49.01

	
23.79

	
0.00

	
25.24

	
34.18

	
26.42

	
18.65

	
7.77

	
27.13

	
24.41

	
21.68

	
2.73




	
I8

	
48.32

	
21.25

	
0.00

	
27.26

	
29.14

	
22.72

	
16.30

	
6.42

	
26.75

	
22.00

	
17.24

	
4.76




	
I9

	
48.72

	
21.05

	
0.00

	
27.67

	
27.32

	
20.03

	
12.73

	
7.30

	
25.51

	
20.84

	
16.17

	
4.67




	
I10

	
44.30

	
18.42

	
0.00

	
25.88

	
25.13

	
18.55

	
11.97

	
6.58

	
22.17

	
18.66

	
15.14

	
3.52




	
I11

	
44.66

	
17.47

	
0.00

	
27.19

	
24.55

	
18.66

	
12.77

	
5.89

	
22.48

	
18.46

	
14.44

	
4.02




	
I12

	
40.36

	
15.79

	
0.00

	
24.57

	
29.18

	
19.31

	
9.44

	
9.87

	
21.71

	
16.82

	
11.93

	
4.89




	
I13

	
22.24

	
8.95

	
0.00

	
13.29

	
14.89

	
9.59

	
4.29

	
4.63

	
11.80

	
9.52

	
7.23

	
2.29




	
I14

	
23.07

	
8.47

	
0.00

	
14.60

	
13.60

	
8.97

	
4.34

	
4.63

	
12.19

	
9.50

	
6.80

	
2.70




	
Index




	
I1. Increasing of CO2 concentration

	

	
I8. Increased spending on tackling the cost of irrigation water, appropriate propagation material, special fertilizers and damage from extreme weather phenomena




	
I2. Burden on the environment, ecosystems and of biodiversity (loss of native species)

	

	
I9. Burden of soil fertility and erosion




	
I3. Increased fire incidents

	

	
I10. Increase in price of agricultural products




	
I4. Warming

	

	
I11. Variation in rainfall




	
I5. Increased occurrence of diseases and pests

	

	
I12. Reduction of farm income




	
I6. Increased frequency of extreme weather events

	

	
I13. Change in productivity and yields




	
I7. Intensity of competition in water use in agriculture

	

	
I14. Diversification of agricultural production and agricultural trade
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Table 2. Reduction of the estimations of climate change impacts (EUR).
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	Impacts of Climate Change
	Reduction to the Agricultural Population
	Reduction to the Whole Population





	
	1.

	
Increasing of CO2 concentration






	2,679,426
	39,145,460



	
	2.

	
Burden on the environment, ecosystems and of biodiversity (loss of native species)






	2,552,264
	37,287,699



	
	3.

	
Increased fire incidents






	2,257,741
	32,984,839



	
	4.

	
Warming






	2,051,820
	29,976,436



	
	5.

	
Increased occurrence of diseases and pests






	2,020,645
	29,521,001



	
	6.

	
Increased frequency of extreme weather events






	2,019,825
	29,509,040



	
	7.

	
Intensity of competition in water use in agriculture






	2,002,596
	29,257,362



	
	8.

	
Increased spending on tackling the cost of irrigation water, appropriate propagation material, special fertilizers and damage from extreme weather phenomena






	1,804,880
	26,368,804



	
	9.

	
Burden of soil fertility and erosion






	1,709,714
	24,978,470



	
	10.

	
Increase in price of agricultural products






	1,530,866
	22,365,577



	
	11.

	
Variation in rainfall






	1,514,458
	22,125,879



	
	12.

	
Reduction of farm income






	1,379,913
	20,160,217



	
	13.

	
Change in productivity and yields






	781,021
	11,410,548



	
	14.

	
Diversification of agricultural production and agricultural trade






	779,380
	11,386,586



	National level
	25,084,550
	366,477,917
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