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1 - Ecological Quality Index (EQI)
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2 - Biological integrity
3 - Ecosystem health
4 - United Nations Environment Programme (UNEP)

5- Organization for Economic Cooperation and Development (OECD)

6 - Pressure-state-response (PSR)

7 - Eco-environmental quality

8 - Remote Sensing Ecological index (RSEI)

9 - Projection Pursuit Model (PPM)

10 - Normalized Difference Vegetation Index (NDVI)
11 - Water Use Efficiency (WUE)

12 - Leaf Area Index (LAI)

13- Bowen
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Figure 1- Location of Nir watershed in the Ardabil Province.
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Table 1- Some physiographic and climatic characteristics of Nir sub-watersheds (Zarei et al. 2020).
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1 062 337 1578.89 33872 2.07 74 In.*igation. farming- irrigatior? farming and orchard- rangelands
with semi-dense cover- semi-dense grassland
2 363 974 16483834265 1.24 177 Iqigatioq farming- irrigatiog farming and orchard- rangelands
with semi-dense cover- semi-dense grassland- rural areas
Irrigation farming- irrigation farming and orchard- rangelands
3 46.88 34.43 1766.81349.68 1.09 216  with semi-dense cover- semi-dense grassland- rural areas- dense
rangeland - poor bush land
Bare land- irrigation farming- irrigation farming and orchard-
4 28.34 21.99 1804.84 351.95 0.87 63 rangelands with semi-dense cover- semi-dense grassland - rural
areas - dense rangelands
5 1756 1828 191336 35830 1.07 226 I@igatiog farming- irrigation farming and orchard- rangelands
with semi-dense cover- rural areas- dense rangelands
Irrigation farming- irrigation farming and orchard- rangelands
6 33.65 2520 2065 367.22 1.57 237  with semi-dense cover- rural areas- dense rangelands- poor bush
land
71503 1937 174738 348.52 0.98 137 I@igatiog farming- irrigation farming and orchard- rangeland
with semi-dense cover- rural areas- dense rangeland
Irrigation farming- irrigation farming and orchard- rangelands
8 4322 3585 2129 37097 1.32 241  with semi-dense cover- rural areas- dense rangelands - poor bush
land
Irrigation farming- irrigation farming and orchard- rangelands
9 80 47.16 1920 358.70 1.30 216  with semi-dense cover- rural areas- dense rangelands - poor bush
land- semi-dense grassland
Irrigation farming- irrigation farming and orchard- rangelands
10 88.85 45.12 1965 361.31 1.71 222  with semi-dense cover- rural areas- urban areas- dense
rangelands — water bodies
11 2153 2749 173378 347.77 1.29 140 Iqigatioq farming- irrigation farming and orchard- rangelands
with semi-dense cover- rural areas- urban areas
Irrigation farming- irrigation farming and orchard- rangelands
Total 37931 85.29 1919.13 358.50 132 8641 with semi-dense cover- rural areas- urban areas- semi-dense

rangelands- water bodies- bare land- poor shrub land- semi-
dense grassland
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17 - Net primary productivity (NPP)
18 - Moisture index (IM)

19 - Penman-Monteith

20 - Inverse distance weighted (IDW)
21 - Land surface temperature (LST)
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22 - Erosion potential model (EPM)
23 - Number of patches

24 - Patch density

25 - Mean patch size

26 - Largest patch index

27 - Edge density
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28 - Exploratory data analysis
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Table 2- Actual and standardized mean values of the studied variables in the Nir sub-watersheds.

< 5 o % g 5 0 8 — g
F B8EcFECL E_Fi_ 2 £ _EF Iz 3
5 = = = =< e e TS ELE &> BHE 8%
£ 258°&2s 5 327 £ 52 3%: &% @
Z 2 5 3 e = F = Z
1 0.46 0.57 0.70 0.41 33326.46 36.57 873.91 0.46 7.15
2 0.31 0.30 0.29 0.29 34303.77 440.21 1399.78 0.44 0.14
3 0.29 0.26 0.24 0.25 36198.09 4248 5557.07 0.89 9.21
Actual 4 0.29 0.25 0.22 0.22 36824.5 41.88 704.43 0.87 10.75
values 5 0.35 0.35 0.34 0.28 38691.82 40.30 461.15 0.89 12.39
6 0.37 0.39 0.40 0.30 41688.71 38.17 268.74 0.95 14.03
7 0.29 0.26 0.26 0.27 35871.01 43.08 428.34 0.91 8.33
8 0.38 0.40 0.42 0.29 43099.84 38.21 143.84 0.74 0.20
9 0.34 0.34 0.34 0.27 38885.58 39.73 327.98 0.50 11.59
10 0.36 0.38 0.40 0.3 39784.08 40.34 446.50 0.74 10.44
11 0.27 0.23 0.24 0.22 35669.68 41.98 568.96 0.91 6.68
1 1.00 1.00 1.00 1.00 0.43 0.00 0.42 0.46 0.50
2 0.21 0.21 0.15 0.37 0.50 0.56 0.00 0.44 0.00
3 0.11 0.09 0.03 0.16 0.18 0.91 0.67 0.89 0.65
Standardized 4 0.11 0.06 0.00 0.00 0.00 0.82 0.55 0.88 0.76
values 5 0.42 0.35 0.25 0.32 0.44 0.57 0.75 0.89 0.88
6 0.53 0.47 0.37 0.42 1.00 0.25 0.90 0.95 1.00
7 0.11 0.09 0.07 0.26 0.09 1.00 0.77 0.91 0.59
8 0.58 0.50 0.40 0.37 0.96 0.25 1.00 0.74 0.00
9 0.37 0.32 0.24 0.26 0.60 0.49 0.85 0.51 0.82
10 0.47 0.44 0.38 0.42 0.72 0.58 0.76 0.75 0.74
11 0.00 0.00 0.05 0.00 0.33 0.83 0.66 0.92 0.47
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Figure 2- Spatial changes of the investigated indicators in EQI assessment at the Nir sub-watersheds.
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Table 3- The values of metrics used in calculation of the ecological integrity index at the Nir sub-watersheds level.

Sub-watershed NP

(No.) (m per 100 ha)

PD

TE
(m)

COHESION  LPI

(dimensionless) (%) (m per 100 ha)

ED

Ecological integrity index

1 4 6.35 1870 87.19
2 23 6.5 11880 87.9
3 72 1.53 90310 97.96
4 35 1.23 51150 97.31
5 22 1.26 25080 96.5
6 38 1.12 56210 97.79
7 27 1.79 28600 97.12
8 73 1.68 953.70 96.18
9 181 2.26 422110 95.05
10 97 1.09 184470 97.01
11 31 1.44 34430 96.56
Total 486 1.28 835560 97.61

48.07 92.72 0.46
52.73 33.62 0.44
68.2 19.26 0.89
53.62 18.06 0.87
49.44 14.41 0.89
71.95 16.66 0.95
71.63 19.04 0.91
39.11 22.05 0.74
18.85 30.25 0.50
34.55 20.76 0.74
65.33 16.01 0.91
22.33 22.03 0.43
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Figure 3- The weight of the studied variables.
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Table 4- EQI values in the Nir sub-watersheds.

Sub-watershed 1 2 3 4 5

6 7 8 9 10 11

EQI 0.90 022 0.18 0.15 041 0.51 0.19 053 037 048 0.10
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Figure 4- Spatial changes of EQI in the Nir sub-watersheds.
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Extended Abstract

Introduction and Objective

Ecological quality is an inclusive measurement unit of the elements, configuration, and performance
of an ecosystem in the temporal and spatial scales. In addition, assessing ecological quality could
provide valuable information for experts and managers in the first step of directed planning and
comprehensive watershed management. Therefore, the current research was conducted to calculate the
ecological quality index (EQI) in one of the upland watersheds of Yamchi Dam, which is not without
the effect of human interference.

Materials and Methods

Nir Watershed as a study area is located in the southwestern part of Ardabil Province. To carry out
the current research, first, the essential variables of ecological quality assessment (normalized differ-
ence vegetation index (NDVI), fractional vegetation coverage (FVC), leaf area index (LAI), net pri-
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mary production (NPP), moisture index (IM), land surface temperature (LST), soil erosion, ecological
integrity index, and runoff retention index) were collected and calculated. The variables were
chosen to represent the three functions of ecosystems maintaining, supporting, and regulating. After
standardization, weighting of the variables was done using the advanced multi-criteria, i.e., Projection
Pursuit Model (PPM). Afterward, the EQI was calculated based on the sum weight of all variables for
11 sub-watersheds of Nir.

Results and Discussion

The wide range of variability of the variables used in the entire Nir Watershed area was confirmed. In
general, sub-watershed 1 had the maximum mean of the first to fourth variables (FVC, NDVI, NPP,
and LAI) and the minimum mean LST. While sub-watershed 11 had the opposite situation in terms of
these five variables. All five variables reflect the structure and function of vegetation and therefore the
ecological quality. The status of other indicators except ecological continuity (EC) was also evaluated
in sub-watershed 1 in a medium status. Based on the PPM weighting method, the FVC (0.39) has the
highest importance, and moisture and runoff retention indices with an equal weight of 0.01 have been
assigned the least priority. In addition, the ecological quality results showed that watersheds 11 (0.10)
and 1 (0.90) respectively have the lowest and highest levels of EQI. In general, according to the zoning
resultd, it was found that the northeastern and southeastern parts of the watershed have the lowest EQI
which covered 29% of the area.

Conclusion and Suggestions

The results can be used as one of the main goals of managing watersheds regarding preserving the
ecosystem’s health and integrity. Moreover, the priority of rehabilitation budget allocation can be
assigned according to the resilience degrees of studied sub-watersheds.
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