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Abstract

There is an increasing interest in addressing the adverse effects of wetland degradation, particularly
in relation to public health. Despite the necessity to comprehend the economic value associated with
wetland degradation, there is still a paucity of research on the subject in many areas of the Word,
such as the Latin American countries. The objective of this work is to determine the economic value
of wetland degradation through their health impacts in order to achieve sustainable wetland
management. To this end, a contingent valuation method has been applied using Cuitzeo lake
(Mexico) as an emblematic case study where there is a process of ecological degradation that has a
negative impact on both the well-being and health of the population. The findings indicated a
willingness to accept financial compensation amounting to 887 $MXN/household/month for health
damages incurred, and a willingness to pay 51.33 $MXN/household/month for the implementation
of management measures aimed at enhancing the environmental quality of the lake. In addition, a
multivariate analysis was carried out to determine the influence of socio-economic and
environmental factors on the economic valuation exercise. The results obtained serve as a guide for
policy makers in the implementation of socially accepted measures to solve the environmental and
public health problem in degraded water bodies.

Keywords: contingent valuation; Cuitzeo lake; nature recovery; sustainable wetland management;
well-being

1. Introduction

Wetlands are defined as valuable ecosystems comprising various types of water bodies, such as
marshes, peatlands, swamps, lakes, etc. [1]. These ecosystems are of paramount importance to the
planet, playing a pivotal role in maintaining ecological functions [2]. However, there has been a
decline and deterioration of wetlands due to various factors, including changes in land use, pollution
from agriculture and industry, overgrazing, droughts, urbanization processes, groundwater
overexploitation, and the proliferation of invasive species [1-4].

The degradation of wetlands exerts a detrimental influence on biodiversity, local climate,
ecological security, and human health [4,5], thus necessitating the restoration of degraded wetlands.
In this sense, many governments have increased their interest in addressing this problem, especially
in developing countries where wetlands are deteriorating rapidly [6,7].

In some countries, such as many in Latin America, Asia and Africa, the adverse environmental
impacts of wetland degradation are compounded by the associated decline in public health [7-9]. The
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consequences of this phenomenon are manifold, impacting human health in direct relation to its
impact on food, water and climate security [5]. Furthermore, the spread of water-borne diseases and
vulnerability to natural disasters are also exacerbated [10].

To meet the challenge of environmental degradation and the effects on public health, various
conservation and management measures have been implemented based on optimizing resource
consumption and management, sustainable development, the application of green technologies and
public participation in progressive achievements [11-14].

Despite the growing interest in the promotion of management measures to reduce the
degradation of wetlands and to address their effects on public health, only a few studies have carried
out an economic valuation for implementing these measures in wetlands [15-17]. Whilst economic
valuations have been executed through the implementation of stated preference methodologies,
including contingent valuation [18], to ascertain the economic value of implementing management
and conservation measures in protected natural areas [19], restoration of rivers [20], high-value
agricultural ecosystems [21], or certain wetlands [15-17], there is a paucity of such studies concerning
the economic valuation of sustainable management of wetlands in some areas, such as most of the
Latino American countries [17], and the direct effect of wetland degradation on public health, with
none study in Central and South America [18]. The development of action planning that integrates
and promotes environmental conservation and health damage prevention strategies requires an
understanding of the economic value and factors that may influence the demand for wetland
management measures. It is imperative to comprehend the social perception of wetland
mismanagement and the influence of socioeconomic factors on this behavior, as well as the temporal
variation in social perception.

The objective of this work is to determine the economic value of wetland degradation in order
to achieve sustainable wetland management in Mexico, one of the countries in the world where the
role of lakes is of crucial importance in environmental and water resources management [22].
Furthermore, this work seeks to analyze the socioeconomic and temporal factors that influence the
demand for improved management. For the purposes of this work, Cuitzeo lake in Mexico has been
selected as a case study. This lake is an emblematic wetland that is undergoing a process of ecological
deterioration in both water quantity and quality. This has had a direct negative effect on the health
of the population living around the wetland.

We examine the extent to how can determine the economic value for wetland degradation to
answer the following research questions: (1) Is there a willingness to accept financial compensation
for the public health problems resulting from the environmental deterioration of the lake? (2) Is there
a willingness to pay for management measures to improve the environmental conditions of the lake?
(3) What factors influence the willingness to accept and the willingness to pay?

The utilisation of the contingent valuation method represents a substantial contribution to the
extant literature by offering insight into the prevailing economic value for sustainable wetland
management. Therefore, this work seeks to generate scientific knowledge through three key
contributions: (I) Test the economic value of the population health of inhabitants living near the
wetland, (II) Test the economic value of management measures that promote sustainable
development in the wetland area, and (II) Test the factors influencing the behavior of individuals
towards the economic valuation of the lake.

2. Materials and Methods

2.1. Background on Economic Value of Wetlands

Despite the existence of studies that have conducted economic valuations in wetlands, these are
predominantly focused on European and North American countries, thus exhibiting a dearth of
research in Latin American countries, with only one study (see Figure 1). By way of summary, Figure
1 presents case studies that demonstrate analogous characteristics to those observed in Latin

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202506.2341.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 27 June 2025 d0i:10.20944/preprints202506.23

3 of 15

American countries regarding social and economic indicators, with a particular focus on Africa and

Asia.
[23] Makgadikgadi wetland, Structured and semi-structured interviews with *  Data were analyzed using the financial and economic business models
Botswana consortia members and representatives of government  +  The study concentrated on one direct use value (use of resources) and one
departments indirect use value (groundwater recharge)
The groundwater recharge value is significant (around 700,000 €)
[24] Urban wetlands of Cali, Benefit transfer method and an exploratory *  The economic valuation is a rough estimate that does not survey the
Colombia governance analysis population, but extrapolates the economic value from other studies
The total annual value of wetlands in Cali is estimated as 8,643,583 $ USD
[25] Wetlands in Central Rift Valley, Choice experiment method *  The study used data collected from 405 households complemented with
Ethiopia data collected using Participatory Rural Appraisals.
The finding revealed an average and aggregate willingness to pay of 7.5 and
694,141 S USD, respectively.
[26] Lake Victoria, Kenya Contingent valuation method *  40.9% of locals were prepared to spend roughly 3.41 € for the conservation
Lake Victoria ecosystem in Kenya had a total WTP of 4,196,942 € each year
[27] Wetland ecosystem services, Interviews and cost-benefit analyses + The annual net wetland ecosystem services value is evaluated at more than
Vietnam 390 million USD.
«  The intensive and industrial aquaculture ecosystems represent the highest
economic value with more than 2,100 USD/ha/year
[28] Moeyungyi Wetland, Myanmar  Toolkit for Ecosystem Service Site-based Assessment + It provides annual benefits of at $22 million y-1 and that these benefits are
received by local communities (c.12,000 households)
T
KNOWLEDGE GAPS
ECONOMIC VALUE FOR SUSTAINABLE WETLAND MANAGEMENT IN LATINOAMERICAN COUNTRIES
RESEARCH QUESTIONS
-
(1)Is therea ‘OGCCGW_ f°|'"'° (2) Is there a willi to pay for (3) What factors influence the willingness to accept and
public health p g from the to improve the environmental conditions of the lake? the willingness to pay?

deterioration of the lake?
Figure 1. Background and knowledge gaps on the economic value of wetlands in Latino American countries.

2.2. Case Study

The Cuitzeo lake (Figure 2), situated in the northern region of the Mexican state of Michoacan,
has been selected as a case study for analysis. This wetland is indicative of a process of ecological
deterioration, which is evident in the drying up of the western part of the ecosystem. Environmental
deterioration is principally attributed to socioeconomic activities in the surrounding area; the intense
urbanization process, associated with population growth, which exacerbates the problems of water
availability and quality in the lake; wastewater discharges from urban areas; groundwater
exploitation to meet demand for agricultural and urban uses; and deforestation [28].

Given the topographical characteristics of the lake, which is characterized by its shallowness and
an average depth of 30 cm, it undergoes a process of low water during the initial months of the year
(average monthly precipitation of 5.7 mm until the end of March). This process is accompanied by
high evaporation, which leads to the accumulation of water pollutants in the lake sediments and their
subsequent integration into the dry soil. The prevailing winds and their rapid movement are
conducive to the formation of “tolvaneras” or “dust storms” which are characterized as swirls of dust
or sand [29]. These phenomena have been observed to envelop the populations residing along the
western periphery of Cuitzeo lake, exerting a deleterious effect on public health. Their frequency has
increased over time, while in the period 2010-2020 a duration of 4 months was recorded, currently
these phenomena exceed 6 months in duration [30]. Consequently, dust storms have a detrimental
effect on the riparian areas west of Cuitzeo lake, where there has been a recent increase in respiratory,
gastrointestinal and dermatological diseases [28,29].

In relation to dust storms, in the last decade there have been 97,026 cases of acute respiratory
infections and 11,288 cases with intestinal infections [31]. Thus, the different socioeconomic activities
of the population around the lake have caused not only an environmental problem but also a public
health problem for the nearest populations. The record of infections associated with the ecological
deterioration of Cuitzeo lake provides elements to justify the existence of a public health problem in
the study area and which currently has not been consistently addressed due to the lack of knowledge
regarding the economic value it represents for the population.

Distributed under a Creative Commons CC BY license.
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I urban areas

Cuitzeo lake

Tolvaneras

Lake drying up

Figure 2. Study area.

2.3. Methods

The contingent valuation method [18-20] was the primary methodology employed in this work.
This is a stated preference approach, whereby respondents are directly asked to express their
willingness to accept (WTA) by assuming changes in well-being generated by the loss of a benefit or
their willingness to pay (WTP) for the improvement of goods/services. Thus, the monetary value of
an environmental asset can be determined by creating a hypothetical market and estimating the Total
Economic Value. The Total Economic Value includes both use and non-use values, and consequently,
the public health costs resulting from the degradation of a wetland, or the benefits derived from the
implementation of management measures.

When performing the univariate analyses of the WTA and WTP, the Mann-Whitney-Wilcoxon
test was used to test for significant differences between two samples taken at two different time
periods.

Furthermore, multivariate analyses were conducted, with the development of models with logit
and tobit specifications to identify the factors that determine the WTA and WTP of the population
[22].

2.4. Data Collection

The primary data was collected via a structured questionnaire comprising twenty-five questions,
which were divided into three sections.

The first section focused on issues related to the context and the existing problem at the Cuitzeo
lake.

The second section focused on the economic valuation of the wetland. For this purpose, two
different types of questions were asked.

On the one hand, the WTA was asked for compensation for the damage caused by the
degradation of the lake on the public health of the population near the wetland. The payment vehicle
selected in the pilot survey is a voucher for medical or pharmaceutical expenses in exchange for
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damage caused by the environmental deterioration of the lake. The binary question of the WTA was
formulated as follows: Would you be willing to accept monthly financial compensation in the form of a
medical or pharmaceutical voucher in exchange for the damage caused by the environmental deterioration of
the lake due to the “tolvaneras”? In the case of an affirmative answer the respondents had to state the
minimum amount of money they would be willing to receive for their household (WTAT). For this
purpose, four starting points of 500/1,000/1,500/2,000$ MXN/household/month were proposed (100 $
MXN = 4.66 € on January 30, 2025), asking respondents for their minimum WTA considering these
references payment. Whether the answer was yes or no, respondents were asked to indicate the
minimum amount they would be willing to accept damage caused by wetland degradation by using
an open-ended question. In the case of refusing compensation in the WTA binary question, the
motivations expressed by respondents were identified, categorizing them into protests and non-
protests.

On the other hand, the respondents were asked to show their WTP for management measures
that would promote lake remediation and the reduction of dust storms. The binary WTP question
was formulated as follows: To carry out management measures to improve the environmental conditions of
the lake, would you be willing to make a payment through the monthly water bill? In the case of an affirmative
answer the respondents had to state the maximum amount of money they would be willing to pay
for their household (WTPT). For this purpose, a specific amount of money of 100 $
MXN/household/month was proposed, asking respondents for their maximum WTP considering this
reference payment. Respondents were also asked to rate on a Likert scale from 1 to 5 a number of
management measures, which respondents would be willing to pay for. In the case of refusing the
payment in the WTP binary question, the motivations expressed by respondents were identified. In
the case of WTP=0 in the WTPB question, the motivations expressed by the individuals were
identified, categorizing them into protests and non-protests.

The third section included information based on the socio-economic characteristics and
environmental behavior of the respondents, which was measured by ecological commitment indices
with Likert scales 1-5 [32].

From a pilot survey of 30 respondents in October 2017, the final survey was conducted between
February-April 2018. The 846 households around Cuitzeo lake were considered for the WTA question
and the 13,542 households across the region for the WTP question. Thus, a sample of 272 respondents
was obtained, which for a 95% confidence level for a dichotomous variable, resulted in a sampling
error of 5.9 % for intermediate proportions and 3.6 % for extreme proportions. In addition, we wanted
to check if there was a variation in the economic valuation over the last few years, given that Cuitzeo
lake has not experienced any improvement in its environmental status, so a second survey was
carried out in March 2025 to test the temporal variation of the economic value by surveying 35
respondents. This resulted in a full pooled sample of 306 respondents. To demonstrate significant
differences in the samples, a binary time variable (Year 2025 = 1) was created to capture the period
effect in the univariate and multivariate analyses of WTA and WTP. The monetary variables of the
WTA and WTP, as well as the household and personal incomes of the respondents were updated at
constant prices of 2025 for appropriate comparison.

2.5. Sample Description

The descriptive data collected from the survey has enabled the composition of a profile of the
average respondent to be determined. A Mann-Whitney-Wilcoxon test was performed for all
respondent descriptive and socioeconomic variables and showed that there were no significant
differences between the 2018 and 2025 respondents.

It has been found that the average respondent is a man (78 % of cases) aged 50, hasn’t received
a university education (completed or in progress) and is employed in 94% of cases. The most
prevalent household size is four, with an average monthly family income of 2,948 $ MXN (see
Appendix Table Al). It has been established that the characteristics of the surveys are largely
consistent with the census values for the target population [33].

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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More than 90% of respondents are concerned that the wetland will disappear in the future and
become a source of infection for the population. Respondents also rated on a scale of 1-5 which actors
should solve the environmental deterioration of the lake and address the “tolvaneras”, expressing a
desire for collaboration between the federal government (4.95 out of 5), state government (4.82),
municipal government (4.69), private companies (4.71), NGOs (4.83) and citizens (4.94). The
respondents also indicated a high affective ecological commitment (4.89 out of 5), a medium verbal
commitment of willingness to act (3.89), and a low real commitment (1.34) (see Table Al).

3. Results
3.1. Willingness to Accept Analysis

For the willingness to accept (WTA) analysis, both samples from 2018 and 2025 were considered,
and a Mann-Whitney-Wilcoxon test was performed to verify the existence of significant differences
in the total WTA values. As there were no significant differences observed during this period, all
respondents who participated in the hypothetical market were jointly considered in the analysis (see
Table 1).

From the WTA question, 89.54 % of the sample (274 respondents) showed their willingness to
receive financial compensation (WTA > 500/1,000/1,500/2,000 $MXN/household/month), while the
remaining 10.46 % (32 respondents) were not willing to accept. Furthermore, respondents who
declined to accept remuneration for the damage caused to the lake were invited to provide
justification for their decision, being able to point out more than one reason. Practically all of them
(31 respondents) stated that the reason for their non-participation was their belief that the measure
was ineffective in addressing the underlying issue. More than half (18 respondents) cited the
perceived inadequacy of the payment method as a reason for non-participation, and one third (10
respondents) cited a lack of credibility. These final two responses were categorized as protest zeros.
This finding suggests that 22 of the 32 respondents with a null WTA corresponded to protesting zeros,
with the remaining 10 being real zeros. The hypothetical market is comprised of respondents with
WTA>0 and real zeros and is therefore composed of 284 households.

The mean WTA is 887 $MXN/household/month, with a maximum of 2,500
$MXN/household/month and a minimum of 0 $MXN/household/month (corresponding to real zeros)
(Table 1).

Table 1. Descriptive statistics of the willingness to accept ($MXN/household/month).

Variable n Mean St. dev. Min Max
WTAzos 253 884.59 463.30 0 2,500
WTA205 31 903.22 * 430.10 0 2,000
WTA 284 886.62 459.10 0 2,500

(") non-significant differences WTAzo1s- WT Azo15 (W = 4,606, p-value = 0.971).

From the mean individual WTA, it is possible to estimate the aggregate total WTA for the
population living near Cuitzeo lake (846 households), which would be the total economic value, a
proxy of the social benefit derived from the public health problems caused by the degradation of the
lake. This gives a total economic value of 750,081 $MXN/household/month (around 9,000,966
$MXN/year).

After demonstrating that there are no significant differences in WTA values for two different
samples over time, multivariate analyses were performed for binary and total WTA considering
pooled samples.

The factors explaining the WTA voucher for medical or pharmaceutical expenses in exchange
for the damage caused by lake degradation, identified by multivariate analysis, were measured using
variables grouped into socioeconomic characteristics and environmental commitment index (Table
A1l). The interactions of these variables were also included as possible explanatory factors.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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The factors to explain willingness or not to accept, so called binary WTA (WTAB), were
identified with a logit model (Table 2), where WTAB takes a value of 1 if the respondent's response is
positive (89.54 %) and 0 null (10.46 %). The logit model presents a good fit (96.5 % of Correct
Classification - CPC) and show no collinearity problems (VIF < 10).

Table 2. Logit estimation of WTAB.

Variables WTAB model WTAB marginal effects
Constant 0.094 (1.634)
Age 0.087 (0.038) ** 0.001
Personal income -1.577 (0.676) ** -0.043
n 284
Log-likelihood -36.231
CPC 96.5 %
VIF 1.02

** corresponding P. values with 0.05 significance level.

Two significant variables were found in the logit model (Table 2). Given their marginal effects,
the probability of WTA voucher increases by 0.1% when the respondent is one year older. In addition,
if the respondent is a woman reduces the probability of WTA by 4.3 %.

As for the total willingness to accept (WTAT), modeling was performed with tobit estimation
censored at 0 (Table 3).

Table 3. Tobit estimation of WTAT.

Variables WTAT model WTAT marginal effects
Constant 1,947.960 (222.133) ***
Active worker -793.903 (101.614) *** -789.75
Private companies -69.268 (40.333) * -67.943
n 284
Log-likelihood -2,067.472
Chi-square statistic (p-value) 10.633 (0.005)
VIF 1.01

* and *** corresponding P. values with 0.1 and 0.01 significance levels, respectively.

The explanatory variables to the amount of the medical voucher were different from those of the
previously estimated logit model. Starting from a value of almost 2,000 sSMXN/household/month, the
fact of being active workers or considering the importance to private companies in solving the
problem of Cuitzeo lake reduces this compensation. Thus, given the marginal effects evaluated for
the sample means, being an active worker reduces WTA by 790 $MXN/household/month, while
giving one more unit of importance to private companies reduces WTA by 68
$MXN/household/month.

Finally, it should be noted that in both models (logit and tobit) the time variable Year 2025 did
not appear significant, corroborating the univariate analyses of the WTA, which show that there are
no significant differences between the samples of both years.

3.2. Willingness to Pay Analysis

For the willingness to pay (WTP) analysis, respondents were first presented with eight measures
that could be implemented to solve the problem of Cuitzeo lake, previously selected in the pilot
questionnaire. Respondents assessed from 1 to 5 the level of urgency for the implementation of
management measures, which has an outstanding global average (4.76 out of 5).
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Table 4. Assessment of the level of urgency to implement management measures (1-5).
Management measures Value Rank

Expand the infrastructure of wastewater treatment plants 4.86 4
Create intermunicipal sanitary landfills 4.42 7
Composting of urban and rural wastes 4.61 6
Reforesting in key areas of the lake basin 491 2
Planting vegetation in key areas of the lake shore 4.94 1
Implement efficient and/or alternative water harvesting systems 4.87 3
Decrease the use of agrochemicals in the basin 4.73 5
Mean value 4.76

By relative importance, respondents considered urgently the planting of vegetation in key areas
of the lake shore (4.94) and reforestation in strategic areas of the watershed (4.91), followed by the
implementation of efficient water catchment systems (4.87) and the expansion of wastewater
treatment plant infrastructure (4.86).

Once respondents assessed the level of urgency of the management measures, they were asked
about WTP for their implementation. The payment vehicle, selected in the pilot survey, was a
surcharge on their household water bill. As in the WTA analysis, a comparison was made between
the two samples, demonstrating through the Mann-Whitney-Wilcoxon test that there are also no
significant differences between 2018 and 2025, so the pooled sample was considered.

Half of the full sample (155 respondents) showed their willingness to pay for the implementation
of management measures while the remaining 49.35 % (151 respondents) were not willing to pay.
Furthermore, respondents who refused to pay were invited to provide justification for their decision.
In the survey, 80.13 % of respondents who did not show a WTP stated that the reason was that “My
income level would not allow me to contribute” and 78.15% stated that the government is responsible
for providing funds to improve the lake. This last response was categorized as protest zeros. This
finding suggests that 118 of the 151 respondents with a null WTP corresponded to protesting zeros,
with the remaining 33 being real zeros. The hypothetical market is comprised of respondents with
WTP>0 and real zeros and is therefore composed of 188 households.

The mean of the amount of WTP is 51.33 $MXN/household/month, with a maximum of 500
$MXN/household/month and a minimum of 0 $MXN/household/month (corresponding to real zeros)
(Table 5).

Table 5. Descriptive statistics of the willingness to pay ($MXN/household/month).

Variable n Mean St. dev. Min Max
WTP201s 171 48.92 65.05 0 500
WTPams 17 75.59 ® 110.11 0 300
Total WTP 188 51.33 70.30 0 500

(") non-significant differences WTP201s- WTP2015 (W = 5,137, p-value = 0.262),.

From the mean individual WTP, it is possible to estimate the aggregate total WTP for the region
of the Cuitzeo lake (13,542 households), which would be the total economic value, a proxy of the
social benefit derived from the implementation of management measures to solve the degradation of
the lake. This gives a total economic value of 695,111 $MXN/household/month (around 8,341,330
$MXN/year).

As in the WTA analysis, a multivariate analysis of WTP was performed considering
socioeconomic and environmental commitment variables (Table Al), as well as the interaction
between these variables.

Willingness to pay binary (WTPB) factors were identified with a logit model (Table 6), where
WTPB takes a value of 1 if the respondent's response is WTP for the implementation of management
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measures (50.65 %) and 0 if it is a WTP=0 (49.35 %). The logit model presents a good fit (87.8 % of
Correct Classification - CPC) and show no collinearity problems (VIF < 10).

Table 6. Logit estimation of WTPB.

Variables WTPB model WTPB marginal effects
Constant -9.269 (2.500) ***
Active worker 3.722 (0.743) *** 0.721
Verbal ecological index 0.846 (0.230) *** 0.093
Concern about the lake 1.134 (0.563) ** 0.124
n 188
Log-likelihood -65.241
CPC 87.8 %
VIF 1.02

**and *** corresponding P. values with 0.05 and 0.01 significance level, respectively.

Three significant variables were found in the logit model (Table 6). Given their marginal effects,
the probability of WTP for the implementation of management measures in the Cuitzeo lake increases
by 72.1 % when the respondent is an active worker. Furthermore, each additional point of the verbal
ecological index increases the probability of payment by 9.3%, which rises to 12.4% for each point of
concern that respondents have towards the lake issue.

To model the amount of the willingness to pay (WTPT) a tobit estimation censored at 0 was
carried out (Table 7).

Table 7. Tobit estimation of WTPT.

Variables WTPT model WTPT marginal effects
Constant -283.608 (74.400) ***
Gender -23.368 (9.002) *** -17.925
University studies 172.733 (15.900) *** 158.420
Active worker 79.283 (19.556) *** 79.002
Family income 0.006 (0.002) *** 0.005
Affective ecological index 46.720 (14.696) *** 37.284
n 188
Log-likelihood -858.179
Chi-square statistic (p-value) 52.599 (0.000)
VIF 1.1

*** corresponding P. values with 0.01 significance levels.

Five explanatory variables are significant in this model. It is observed that being a woman
reduces the amount of payment for management measures, while having a university education,
being an active worker, having a higher family income and a higher affective commitment index
increase the willingness to pay. Thus, given the marginal effects evaluated for the sample means,
being a woman reduces WTPT by 18 $MXN/household/month, while the amount of payment
increases by 158 $MXN/household/month if the respondent has university studies, by 79
$MXN/household/month if the respondent is an active worker, 5 $MXN/household/month for every
1,000 $MXN of family income, and by 37 $MXN/household/month for each additional affective
ecological commitment index point. It should also be noted that the time variable (Year 2025) was not
significant in either of the two estimations, demonstrating, as in the WTA analysis, the absence of
significant differences between samples.

4, Discussion
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This work addresses the economic valuation of wetland degradation in Mexico, a country where
little has been studied on the subject despite the importance of its lakes. To address the paucity of
relevant studies in the existing literature, the case study of Cuitzeo lake was selected, given its status
as one of the lakes exhibiting significant ecological degradation, with a consequential impact on the
public health of the surrounding population. The application of a contingent valuation survey has
enabled the successful resolution of the three research questions that had been formulated (Figure 3):

—_ 4 WTA
at 887 SMXN/h hold h =
" Is there a willingness to accept financial compensation for the public health /household/mont o
> = . __problems resulting from the environmental deterioration of the lake? M -
Total economic value g
9,000,966 SMXN/year ©
oo

()]
©
e o]
WTP =
RQ2 51.33 SMXN/household/month e
Is there a willii to pay for to imp the ﬁ
environmental conditions of the lake? 5 l — ;
Tota value G
8,341,330 SMXN/year o
(2]
>
(]
>
(8]
Age « Active worker it
RQ3 « Personal income + Private companies £
What factors influence the willingness to accept and the willingness to (o)
~ pay? _ o
+ S
+ Active worker « University studies it

+ Verbal ecologicalindex * Active worker

- Concern about the lake * Familyincome

+ Affective ecological index

Figure 3. Summary of the main results.

(1) Is there a willingness to accept financial compensation for the public health problems
resulting from the environmental deterioration of the lake?

The finding that approximately 90% of the surveyed population is willing to accept economic
compensation, with an average WTA of 887 $MXN/household/month, serves to confirm the existing
public health problem surrounding the populations of Cuitzeo lake. The health value of the
“tolvanera” process is thus obtained (around 9 million $MXN), a figure unknown until now because
the market fails in the face of this type of externalities.

This shows for the first time in the literature the economic cost of the direct negative effects of
wetland degradation on human health in a Latin American country. These results are consistent with
those observed in other wetlands across Europe [34,35] and Asia [36,37], where rising health
expenditures underscore the necessity for implementing measures to foster sustainable development.

It is imperative that a public policy is formulated to allocate vouchers for medical expenses,
encompassing the amount of the WTA, with the objective of reducing defensive health costs. The
responsibility for overseeing this process should be entrusted to the policy makers of the region, with
the aim of enhancing the well-being of the inhabitants of the lake area.

(2) Is there a willingness to pay for management measures to improve the environmental
conditions of the lake?

This work showed the existence of a social demand for improving the environmental conditions
of Cuitzeo lake where approximately 50% of the sample, with an average WTP of 51
$MXN/household/month, were willing to finance the implementation of a series of management
measures.

The total economic value obtained from the WTP, which amounted to 8.3 million $MXN/year,
could be used to calculate the budget that would have to be spent annually for the implementation
of the management measures assessed by the respondents. The high social valuation assigned to all
management measures proposed to be implemented in the area suggests a relatively equal
distribution of the budget among all measures, with a higher budget allocation towards reforestation
and planting of riparian vegetation in key areas of the wetland. These economic values can be
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compared with those obtained in wetlands in Spain [15], the United States [38], Bangladesh [39], and
China [40] where there is a clear social preference for measures to promote wetland support services
such as revegetation of wetland environments.

The values obtained in this work should be used by policy makers as an indicator of the well-
being that would be generated by the implementation of management measures in Cuitzeo lake. It
could be suggested that tax collection through a fee on the water bill as a basis for the amount of the
WTP incentivizes the implementation of actions to improve the conditions of the lake. Furthermore,
as reflected in the survey, beyond the collection of taxes from the population, there must be greater
involvement from the state, federal and municipal administrations. It is incumbent upon these policy
makers to promote public investment in innovation and nature-based solutions [41], with a view to
supporting the most sustainable sectors and the most environmentally vulnerable regions.
Furthermore, there is a necessity to concentrate on the identification of novel models of agricultural
production that exhibit reduced water consumption and erosive capacity [42]. This should be
accompanied by a diminution in the exploitation of aquifers, the planning of urban development
outside of flood plains, and the respect of the biodiversity associated with the wetland.

(3) What factors influence the willingness to accept and the willingness to pay?

The findings of the multivariate analyses demonstrated, firstly, that there was no significant
influence between the two samples employed in this work, as the time variable used was not
significant. Secondly, they demonstrated that it was the socio-economic and environmental
perception characteristics that determined WTA and WTP. In this sense, significant evidence was
found that older people, those who are economically inactive and have a lower personal income, are
those who show a higher WTA. Conversely, being a man, an active worker, having a university
education and a higher ecological commitment (affective and verbal) show a higher WTP. These
results are consistent with those reported in the extant literature on the economic valuation of
environmental assets [15,19-21] based on the influence of these socio-economic and environmental
factors in the valuation exercise.

Thus, it is imperative that the knowledge produced is disseminated through appropriate
channels, such as forums and workshops. These initiatives are instrumental in promoting awareness
and education in environmental terms. By doing so, the population of the area can be encouraged to
align their daily actions with the principles of environmental sustainability. Furthermore, it is
essential to cultivate behaviors that are conducive to enhancing the condition of the lake. In this
manner, the efficient allocation of monetary resources for environmental improvements is
imperative, a matter of even greater urgency in the present context of global change, which casts
doubt on the spatio-temporal availability of water resources.

The economic valuation method employed in this work provides a foundation for determining
the allocation of economic resources in the pursuit of public policies aimed at addressing the
environmental challenges posed by Cuitzeo lake. Consequently, valuation methods should be
utilized in conjunction with the results obtained, employing cost-benefit analyses to assess the socio-
economic profitability of implementing environmental restoration initiatives. This would enable the
authorities responsible for overseeing public health, environmental issues in water bodies, and the
wider environment to guide the analysis for decision-making.

5. Conclusions

The present work has demonstrated the economic value associated with the degradation of a
wetland in Mexico, using Cuitzeo lake in the state of Michoacan as a representative case study. A
significant proportion of the population is willing to accept economic compensation for damage to
public health, and they are also willing to pay for the implementation of management measures to
improve the environmental status of the wetland. The findings of this work have practical
implications that may be of use to governmental institutions charged with the management of the
water resources of Cuitzeo lake, given the direct impact of wetland degradation on public health and
on the socio-economic and environmental development of the area. It can thus be concluded that the
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transition towards sustainable wetland management requires the involvement of public participatory
processes, including surveys such as those carried out in this work, to support and encourage the
implementation of regional policies with the aim of reducing the negative effects on the well-being
of the population. Consequently, economic valuation analyses constitute a pivotal component in the
formulation of public policies.

The implications of this work extend beyond those typically addressed in economic valuation
studies, emphasizing not only the economic value associated with environmental enhancement of
the wetland, but also that derived from the damage caused to public health. In summary, the general
public has a vested interest in finding a solution to this problem, which provides the foundation for
the development of more socially acceptable and efficient policies in countries that have received
little study, such as those in Latin America.
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Appendix A

Table Al. Contingent valuation sample description (n = 306)

Description Mean SD Min Max
Household size (people) 4.01 1.62 1 13
Age (years) 50.13 12.70 27 85
Family income ($MXN/household/month) 2,948 2,278 1,000 25,000
Personal income ($MXN /person/month) 2,366 2,302 1,000 25,000
Active worker (% yes) 93.79
University studies (%) 6.21
Gender (% women) 21.57
Concern about the lake (1-5) 3.94 0.32 3 5
Federal government (1-5) 4.95 0.24 3 5
State government (1-5) 4.82 0.40 3 5
Municipal government (1-5) 4.69 0.61 3 5
Private companies (1-5) 471 0.62 2 5
NGOs (1-5) 4.83 0.44 3 5
Citizens (1-5) 494 0.27 3 5
Affective ecological index (1-5) 4.89 0.27 3.5 5
Verbal ecological index (1-5) 3.89 0.78 1 5
Real ecological index (1-5) 1.34 0.67 1 5
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