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Fig 1. Location of the study area
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\YA



e bl el Sl 5 SIS Sl sl

on 2o Sl 5 sl e 53 NDVI Law e Y Jsr
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Fig 3. Mean values of metrics used for organization indicator (O) calculation at the sub-watershed level for study
years
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Table 3. The results of the resilience indicator (R) at the sub-watershed level for the study years
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Fig 4. Spatial distribution of vigor (V), organization (O), and resilience (R) indicators in the study years
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Table 4. Comparison of the results of the watershed health indicators in the study years
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Table 5. Calssification of study sub-watersheds based on the watershed health index (WHI) classes
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Abstract

Due to the ever-increasing driving forces of land
degradation induced by irrational human needs and
climate change, the security and health of the
country's watersheds have been seriously
threatened. Based on this, the present research was
planned to analyze the health status of the Koozeh
Topraghi watershed using the vigor- organization-
resilience (VOR) approach at the level of 36 sub-
watersheds and during three time periods (2000,
2010, and 2021). For this purpose, the essential
basic data were collected. After determining the
most important variables, they were standardized
to equalize and remove the magnitude of different
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variables. Then, the variables were classified into
various groups according to their nature and the
purpose of the research. After their geometric
mean, three indicators of vigor (V), organization
(O), and resilience (R) were calculated. Finally, the
watershed health index (WHI) was obtained using
the principles governing the conceptual approach
of VOR. The results showed that in the Koozeh
Topraghi watershed, the vigor (V) indicator had a
mean and standard deviation of 0.88+0.05 in the
first year, 0.81£0.08 in the second year, and
0.68+0.17 in the third year. The organization (O)
indicator also had a mean and standard deviation of
0.57+0.08 in the first year, 0.70+0.08 in the second
year, and 0.68+0.07 in the third year. In addition,
the mean and standard deviation of the resilience
(R) indicator in the first to third years were
0.28+0.22, 0.30+0.25 and 0.29+0.25, respectively.
Finally, the WHI was equal to 0.49 in 2000 and
had an increasing trend in 2010 and reached 0.85,
but it decreased to 0.47 in 2021. It can be
concluded that the watershed health has slightly
reduced in the study period. The results of this
research are used in determining the practical
policy and problem-oriented management of water,
soil, and vegetation resources.

Extended abstract

Background and Objective

Nowadays, the security and health of watersheds
are threatened due to increasing human needs and
climate change. Due to the rapid development of
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modern society, intense human activities, and
various planned and unplanned patterns of land
use, have led to changes in the structure and
function of ecosystems. Since the global
ecosystems are experiencing a declining health
status, therefore, watershed health monitoring is
necessary to achieve greater sustainability. Based
on this, providing basic information about
watershed health can be used in different parts of
project development, resource protection and
policies. Therefore, this study aims to investigate
the health of the Koozeh Topraghi watershed using
the vigor-organization-resilience (VOR) model
during the years 2000, 2010, and 2021.

Materials and Methods

Koozeh Topraghi watershed, located in Ardabil
province, has an area of 805.70 Km® The
minimum and maximum elevations of the
watershed are 1378 and 2549 m, respectively,
compared to the sea level. Besides, the total length
of the waterway and the mean slope of the Koozeh
Topraghi watershed are estimated as 1054.11 km
and 14.59%, respectively. The data used in this
research are Landsat 7 and Landsat 8 images.
Landsat 7 and 8 satellite images of the study area
were selected based on their quality and relevance.
Then TerrSet software was used to prepare the
normalized difference vegetation index (NDVI)
map. Landsat images for the years 2000, 2010, and
2020 were downloaded and an NDVI map was
prepared in TerrSet software after converting
bands 4 and 5 into Idrisi format. The organization
(O) of ecosystems shows the diversity and inter-
species relationships of an ecosystem. In addition,
the indices of Patch  Cohesion Index
(COHESION), Contagion (CONTAG), Shannon's
Diversity Index (SHDI), and Shannon's Evenness
Index (SHEI) were calculated using Fragstats 4.2.1
software. Finally, after data standardization,
watershed health was obtained using the vigor-
organization-resilience (VOR) model. The vigor
(V) indicator is generally depicted by vegetation
productivity characteristics. Since the NDVI is
closely related to vegetation production, it broadly
indicates the foundation level. The criteria used to
calculate the watershed organization (O) indicator
include the landscape pattern index, which reflects
the stability of the watershed organization (O) and
is based on the indices of Patch Cohesion Index
(COHESION), Contagion (CONTAG), Shannon's

Diversity Index (SHDI) and Shannon's Evenness
Index (SHEI). Watershed resilience is considered
as the potential of an ecosystem to respond to
external disturbances by restoring its original
structure and function. Each type of land has a
different ability to recover, depending on its
nature. To calculate the resilience (R) indicator, a
coefficient was determined for all types of land
uses according to the type of service for each land
use. It should be noted that the calculation of
NDVI in the TerrSet18.00 environment, landscape
metrics in Fragstats 4.2.1., and spatial and
temporal zoning of watershed health indicators was
done in the ArcMap 10.8 software environment.

Results and Discussion

The results showed that the vigor (V) indicator has
a mean and standard deviation of 0.88+0.05 in the
first year, 0.81£0.08 in the second year, and
0.68+0.17 in the third year over the study area.

The organization (O) indicator had a mean and
standard deviation of 0.574+0.08 in the first year,
0.70+0.08 in the second year, and 0.68+0.07 in the
third year. Besides, the resilience (R) indicator had
a mean and standard deviation of 0.28+0.22 in the
first year, 0.30+£0.25 in the second year, and
0.29+0.25 in the third year. Finally, the watershed
health index (WHI) was 0.49 in 2000, and in 2010
it had an increasing trend and reached 0.85, but in
2021 it decreased to 0.47. It can be concluded that
the watershed health has decreased slightly in the
study period. Various reasons, inappropriate land
use especially pasture production for agriculture,
and changes in climatic and hydrological
components, have caused inappropriate health
conditions in the Koozeh Topraghi watershed.

Conclusion

In the current research, the health status of the
Koozeh Topraghi watershed was evaluated using
the principles governing the VOR conceptual
model. Based on the results, the values of vigor
(V), organization (O), and resilience (R) indicators
were equal to 0.73, 0.96, and 0.97, respectively.
The mean health index of Koozeh Topraghi
watershed is equal to 0.23. The obtained results
can be used in the appropriate management of
water resources, soil, and vegetation.

Keywords: Health index, Land degradation,
Sustainable management, Watershed resilienc
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