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By assessing the functions and ecosystem services of protected areas,
planners and decision-makers of land use planning and sustainable
development at the regional and national levels can be of great help. The
present study specifically assesses the water and soil resources in the Gandu
Protected Area and the economic valuation of these services. In order to
model the ecosystem services of water balance, soil conservation and water
quality, the hydrological model based on WWPSS remote sensing data was
used. The simulation was carried out using a series of one-degree square
mosaic images (one hectare) on a monthly scale. The Invest model and the
replacement cost method were also used for economic valuation. The
results showed that the total water produced in this area is 401,205,344
cubic meters per year. Also, the minimum, maximum and average water
budgets are all negative and are equal to -1492.76, -38.04 and -639.24 mm
per year respectively, which indicates a lack of rainfall and intense
evaporation and transpiration in this region. The average potential pollution
of surface water is 4.5% and this region prevents 2 tons per hectare of soil
erosion annually. The real economic value of water production and soil
conservation is estimated to be 20.18%, 67.54 and 2729.65 billion rials in
2019, respectively, with inflation correction. Three scenarios with discount
rates (compound) of 8, 12 and 15% were used in the periods of 5, 10, 15
and 30 years to determine the economic value of the functions of these
resources in the future. The results showed that, for example; With a
discount rate of 15% and over a period of 30 years, the economic value of
the water production and soil conservation functions reaches 4471.82 and
180730.13 billion rials, respectively. In total, the economic value of the
water production and soil conservation functions is 0.35 and 14.17 percent
of the total value of the region.
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Introduction

Protected areas represent one of the most effective strategies for the conservation of
biodiversity and natural resources. Many protected areas function as natural reservoirs for
the production of agricultural products and water, as well as for soil conservation (Laura and
Paulo, 2020, pp. 212-220). In 1992, protected areas accounted for a mere 4% of the global
surface area. However, by 2019, data from the World Database on Protected Areas and the
Protected Planet reports indicated that the number of protected areas worldwide had
increased to approximately 218,320, encompassing an area of 20.9 million km?, which is
equivalent to 15.9% of the Earth's total land and water surface areas (Mahmud et al., 2019,
pp. 200-212). Consequently, the evaluation and prediction of the status of protected areas,
based on the levels of ecosystem services they provide, pose significant challenges for
managers and specialists in the field. This research evaluates the status and functions of water
resources and examines the extent of soil erosion within the Gando Protected Area located
in the Sistan and Baluchestan Province of Iran. Broadly classified, this protected area
includes rivers and basins that serve as habitats for marsh crocodiles (also referred to as
mugger crocodiles), coastal lands along the Iranian coastline of the Oman Sea that provide
habitats for mangrove forests and breeding sites for various bird and sea turtle species, as
well as mountains and highlands in the northern, northeastern, and eastern regions, alongside
lowlands in the central and southern areas. This study presents a practical and effective
strategy for achieving sustainable development within the Gando Protected Area..

Material and Methods
The Gando Protected Area, encompassing an area of 465,181 km2 and situated at latitude

25%03'33"-26°16'17"N and longitude 61°09'44"-61°53'36"E, is located in the extreme
southeastern corner of Iran's Baluchestan, along the Iran-Pakistan border. The WaterWorld
Policy Support System (WWPSS) model was employed to assess several ecosystem services
provided by this protected area, including water balance, soil conservation, and the
mitigation of further degradation in water quality. The WWPSS is a process-oriented
hydrological model that utilizes remote sensing data and is applicable across various spatial
scales (Mulligan and Bruk, 2005, pp. 41-53). For the economic valuation of water production
and soil conservation, the Integrated Valuation of Ecosystem Services and Tradeoffs
(INVEST) model, in conjunction with the replacement cost method, was utilized. The
economic values associated with water production and soil conservation were calculated
using data derived from the WWPSS model as input.

Results and Discussion

According to the output of the WWPSS model, the minimum, maximum, and mean annual
precipitation in the Gando hydrologic unit are recorded as 0.01, 229.45, and 126.18 mm,
respectively. The mean annual precipitation is nearly 50% lower than the mean annual
precipitation in Iran (250 mm), indicating a significant precipitation deficit in the study
region. On average, the annual mean, minimum, and maximum water budgets of the
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ecosystem in the study area are -499.26, -1492.76, and 92.15 mm, respectively. This
indicates that the entire hydrologic unit experiences a water shortage due to a high
evapotranspiration rate and a limited amount of precipitation. Consequently, this hydrologic
unit possesses a negative water budget and is confronting a state of water bankruptcy. The
calculation of the water volume produced by the studied hydrologic unit, based on the
volume of runoff as the cumulative water budget downstream, reveals that the annual
minimum, mean, and maximum volumes of runoff produced in the Gando hydrologic unit
are 0, 408,147.79, and 401,205,344 m3, respectively .In 2019, the estimated value of water

resources in the Gando Protected Area was 67.54 billion Iranian Rials, which constituted
0.35% of the total value of this Protected Area, as reported in the economic valuation of the
goods and ecosystem services (the "products") that the Gando Protected Area provides.
Additionally, the total value of soil conservation is estimated at 2729.65 billion Iranian Rials,
accounting for 14.17% of the overall value of the Protected Area. The current net value of
the capacity to produce water and conserve soil, after adjusting for inflation and considering
various discount rates (8%, 12%, and 15%) over future periods of 5 to 30 years, suggests
that the economic values of water production and soil conservation will increase in
subsequent years. Specifically, the net value of soil conservation over the next 30 years, at
discount rates of 8%, 12%, and 15%, is projected to be 27,460.28, 81,780.31, and 180,730.13
billion Iranian Rials, respectively. Furthermore, regarding water production in the Gando
Protected Area at the same discount rates, the net value of water production over the next 30
years is anticipated to reach 679.45, 2023.5, and 4471.82 billion Iranian Rials. Therefore,
from an economic perspective, the estimated values continue to ascend despite accounting
for annual inflation rates and the discount rates of economic value in estimating the current
net value, as well as the neutralizing effects that these two factors have on each other.

Conclusion

Considering the direction of water flow from upstream to downstream, it appears that a
significant proportion of pollution is concentrated at the terminal sink end member of the
Gando hydrologic unit, as well as at the juncture where water exits this hydrologic unit and
enters the marine component of this Protected Area. Nevertheless, despite the heightened
potential for downstream pollution, the observed differences in mean pollution potential
between the hydrologic unit and the Protected Area are minimal, approximately 1.5%. This
observation may reflect the remediation services that the Protected Area and its components,
including riparian vegetation and the self-purification processes of flowing water, provide,
thus constituting an important ecosystem service. The quantities that can be estimated using
the modeling methodology employed in this study may render the intangible value of certain
ecosystem services of protected areas more concrete by facilitating a monetary valuation of
their capacity to produce water and conserve soil. This approach could significantly aid in
the formulation of sustainable development policies that incorporate environmental
considerations.
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