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Abstract: In the present study, the health status of the Choghakhor wetland, as one of the twenty-five
Iranian wetlands of international importance, is assessed using the ESCOM's wetland classification and
risk assessment index (WCRAI). Furthermore, the ability of the FCM-ANFIS model is investigated to
predict the dissolved oxygen (DO) with electrical conductivity, water level, air temperature and water
temperature as input variables. The results highlight that the Choghakhor wetland is categorized as "D"
based on the A-F ecological category, which means that the wetland ecosystem has changed and a large
number of local species have become extinct. Also, the output of the FCM-ANFIS model indicates the
acceptable performance of the model in predicting the amount of DO due to the high values of the
efficiency criteria (for the best model, DC = 0.92 and RMSE = 0.07).

Keywords: Wetland health assessment, ESCOM's WCRALI, Online monitoring station, Choghakhor wetland, FCM-
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Introduction: Wetlands provide various supporting, provisioning, regulating, and cultural services, all of which
make a significant contribution to the well-being of human populations. These delicate ecosystems have been long
exposed to unsustainable extraction and various anthropogenic activities. In Iran, one-third of 25 designated sites
(Ramsar sites) are under pressure or in critical condition. The risk assessment of these endangered ecosystems,
thus, is highly required. In this regard, various studies have been conducted to evaluate wetland health status and
to determine the factors threatening ecosystems. The first and most widely used methods for assessing wetland
health status was proposed by Cowardin et al. (1979). Jang (1993) proposed the adaptive neural fuzzy inference
system by combining the capabilities of fuzzy theory with neural networks. It provides accelerated learning
capacity and adaptive interpretation capabilities to model complex patterns and apprehends nonlinear
relationships. Kotze et al. (2005) proposed a method which can classify wetlands in any climatic conditions.

The development of time-series data mining techniques has provided an emerging method for wetland health
assessment, such as adaptive neuro-fuzzy inference systems (ANFIS). In the present study, ESCOM's wetland
classification and risk assessment index (WCRALI) is used for the first time to evaluate Choghakhor wetland health
status. Furthermore, the ability of the FCM-ANFIS model is investigated to predict the dissolved oxygen (DO) in
order to provide a model with high reliability to approximate the wetland parameters in the future.

Methodology: The Choghakhor wetland in the south of Shahr-e Kord, Chaharmahal and Bakhtiari province (31°
55' 23" latitude North, 50° 53' 59" longitude East) is located at the northern slopes of Kallar mountain (Fig. 1).
The topography of the region is such that the plain formed by the mountains "Baraftab" in the north, "Shapurnaz"
in the west, and "Kallar" from the west to the south has created a drainage basin of 114 square kilometers as a
suitable location to feed a wetland with a surface area of about 1500 hectares.

ESCOM's WCRAL is a reliable approach to determine the overall wetland health status, which can be implemented
by non-wetland experts. This index involves field sampling and in situ measurement of some water
physicochemical parameters, including DO, EC, and pH, as well as various physical characteristics of the wetland.
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Since the wetland are exposed to different anthropogenic activities, including agricultural activities, wastewater
disposal, tourism, and livestock grazing, it is divided into four parts, and the results obtained from these parts are
averaged to calculate the overall values (Fig. 2). Monthly water samples procured during 2017 and 2018 in the
Choghakhor wetland. The periodic values obtained from four sampling points, located in the study area, are
averaged to calculate the overall values of the indicators

In the present study, the fuzzy c-means clustering method (FCM) is used to derive the rules in Takaki-Sugeno
fuzzy model, ans the health status of the Choghakhor wetland is assessed using the ESCOM's WCRAL

Results and Discussion: In this study, nonlinear regression is performed on the qualitative data obtained from the
wetland, in order to model the relationship between its parameters. For this purpose, an adaptive neural fuzzy
inference system is utilized to model changes in DO at a depth of 1.4 m in the Choghakhor wetland. Water
temperature, electrical conductivity at three depths of 0.3, 0.85 and 1.4 m, air temperature, water level and DO at
two depths of 0.3 and 0.85 m are selected as input parameters. Daily and one-hour normalized time series data are
used for the modeling. The results of modeling the changes in the DO parameter at a depth of 1.4 m are given in
Table 8. The values of the efficiency criteria are measured to evaluate the performance of the developed models
to the related inputs, using the determination coefficient (DC) and the root mean square error (RMSE). The results
of the model in scenario M14 with electrical conductivity (0.3 m), water level, air temperature and water
temperature (1.4 m) as input variables led to higher performance with the best efficiency criteria, including DC =
0.92 and RMSE = 0.07.

Risk assessment is an integral part of sustainable wetland management, where the ecosystem's health and wise
exploitation are ensured. In this regard, the health status of the Choghakhor wetland, as one of the most important
Iranian Ramsar sites, is assessed with ESCOM's WCRAI. Tables 10 and 11 represent the results of field
measurements for four parts of the study area in 2017 and 2018, respectively. The results obtained confirmed a
decline in the wetland health level in 2018 compared to 2017. The ESCOM's WCRAI generated overall scores of
48% and 41% for the Choghakhor wetland health level for 2017 and 2018, respectively.

Conclusion: The ESCOM's WCRALI generated overall scores of 48% and 41% for the Choghakhor wetland health
level for 2017 and 2018, respectively. The Choghakhor wetland is categorized as "D" based on the ecological
category, meaning the wetland ecosystem has undergone a transformation and a large number of local species have
become extinct.Moreover, the FCM-ANFIS model is utilized to model changes in DO at a depth of 1.4 m in the
Choghakhor wetland. The results highlight that the FCM-ANFIS model has a high ability to predict DO based on
physical and water quality parameters. The results of the M14 model with electrical conductivity (0.3 m), water
level, air temperature and water temperature (1.4 m) as input variables led to higher performance with the best
efficiency criteria, including DC = 0.92 and RMSE = 0.07.
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Table 1 Description of the A-F ecological categories (Oberholster et al., 2014)

Ecological - T
category Score(%) Description
A 90-100 Unmodified (natural)

Mostly natural with few modifications. A few small-scale natural habitats and biota

B 80-90 changes may have occurred, but the ecosystem functions are essentially unchanged.
C 60-80 Moderately modiﬁe.:d. Changes in and. loss of nqtural habitgt and biota have occurred,
but the basic ecosystem functions are still predominantly unchanged.
D 40-60 Largely modified. A massive loss.of natural habitat, biota, and basic ecosystem
function has occurred.
E 20-40 Seriously modified. The loss of natqral habitgt, biota, and basic ecosystem functions
1s extensive.
F 0-20 and the system has ,Critically modified. Modifications have reached a critical level

been entirely modified with an almost complete loss of natural habitat and biota

(V-1 ¥ ),5en 5 Oberhelster) (VG 5558 slo el b oo3liel sloosl ¥ Jgus
Table 2 The ESCOM's WCRALI scoring ranges for wetland health indicators-Physical parameters (Oberholster et al., 2014)

Score Range

Indicator Unit 4 3 2 1 0
Aquatic vegetation cover % 41 - 65 26 -40 5-25 > 65 <5
Spatial heterogeneity of 4 ~3 3 2 1 0
macrophytes
Attached algae cm? 0 1-1000 1001 - 5000 5001 - 10000 > 10000
Width of fringing m >30 8 -30 3-79 0.5-29 <05
vegetation
Degree of bank stability High Moderately high Medium Moderately low Low
Degree of pugging #/m? 0 1-6 7-12 13-19 >19

ad R et P
) Fig. 2 Four parts of the Choghakhor wetland with water sampling points
T S st iz o (50 pizes Bl 5 j55lir VB 5 oz (> (s ¥ S
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Table 3 The ESCOM's WCRAI scoring ranges for wetland health indicators-Water quality parameters (Oberholster et al., 2014)

Score Range

Indicator Unit 0 1 2 3 4
Dissolved oxygen mg/l <15 1.5-2 2.01-5.0 5.01-7.0 >17
Electrical conductivity S/em > 5833 2501 - 5833 834 -2500 293 - 833 0-292
(nonpans) K
Electrical conductivity > 11600 7833 - 11600 2451 - 7832 419 - 2450 0-418

uS/cm
(pans)
pH <6or>8 6.0-62 6.21-6.6 6.61-7.0 7.01-7.5

.
Xy
Fig. 3 Equivalent ANFIS architecture
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Rule 1:1If u(x) is A; and p(y) is B, then f;

=px+tqy+n
Rule 2:If u(x) is A, and u(y) is B, then f,
=EPpXt+ gyt
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Table 4 Statistical characteristics of data used in the development of artificial intelligence models

Parameter (Daily) Minimum Maximum Mean ]S)fl‘,l;::iz(:l Variance
DO 0.85m 0 15.04 7.51 2.75 7.57
DO 0.30m 47.20 19/14 8.89 2.09 4.39
DO 1.40m 0 11.10 5.37 3.11 9.71
EC 0.30m 244.73 549.17 322.53 57.05 3254.89
EC 0.85m 69.93 674.91 366.99 106.64 11373.10
EC 1.40m 64/73 674.29 360.66 130.38 16999.50
Water temp. 0.30m 1.25 24.43 13.96 6.58 4331
Water temp. 0.85m 1.94 24.59 13.49 6.20 38.45
Water temp. 1.40m 2.27 24.54 13.22 5.58 3431
Air temp. 1.13 28.08 14.77 7.81 61.00
humidity 4.16 89.81 46.51 16.74 280.30
Water level 0.90 2.07 1.47 0.29 0.85
Air pressure 85.43 1066.37 789.89 19.91 369.77
s 2 e Sas al O Jgi
Table S Correlation coefficients between parameters
DO 0.3m DO 0.85m DO 1.4m EC 0.3m EC 0.85m EC 1.4m
DO 0.3m 1.000 0.903 0.179 0.070 -0.217 -0.296
DO 0.85m 0.903 1.000 0.381 0.018 -0.154 -0.252
DO 1.4m 0.179 0.381 1.000 0.249 0.298 0.043
EC 0.3m 0.070 0.018 0.249 1.000 -0.147 -0.437
EC 1.4m -0.296 -0.252 0.043 -0.437 0.867 1.000
EC 0.85m -0.217 -0.154 0.298 -0.147 1.000 0.867
Water temp. 0.30m -0.174 -0.095 -0.317 -0.801 0.095 0.388
Water temp. 0.85m -0.168 0.076 -0.290 -0.806 0.089 0.381
Water temp. 1.40m -0.255 -0.123 -0.275 -0.781 0.103 0.387
Air temp. -0.297 -0.273 -0.447 -0.741 -0.008 0.308
humidity 0.161 0.096 0.158 0.562 -0.204 -0.372
Air pressure 0.094 0.051 -0.009 -0.265 -0.068 0.038
Water level 0.295 0.423 0.010 -0.696 0.149 0.313
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Table 6 The models used in the effective data identification

step
Model Input Parameter Output
Parameter
M1 Air temp. DO 1.4
M2 DO 0.3m DO 1.4
M3 DO 0.85m DO 14
M4 EC0.3m DO 14
M5 EC 0.85m DO 14
M6 EC 1.4m DO 1.4
M7 Water level DO 1.4
M8 Water temp. 0.3m DO 1.4
M9 Water temp. 0.85m DO 1.4
M10 Water temp. 1.4m DO 1.4

FCM-ANFIS & oais &l slo o ¥ Jgu
Table 7 The models provided to FCM-ANFIS

Mode
1

Input Parameters

Temp 0.3m, Temp 0.85m, Temp 1.4,

Mil EC 0.3m

Mi12 EC 0.3m, DO 0.85m, Temp Air

M13 EC 0.3m, Water level, Temp Air

Mi4 EC 0.3m, Water level, Temp Air,
Temp 1.4

M15 All data

Ml16 EC 0.3m, Water level
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Output ~= 0.98*Target + 0.016

DC TEST

M10 M9 M8 M7 M6 M5 M4 M3 M2 Ml

M10 M9 M8 M7 M6 M5 M4 M3 M2 Ml

Fig. 4 Coefﬁc1ent of determmatlon obtained from the models at tralmng and Vahdatlon stage

RSME TEST

RSME TRAIN

M10 M9 M8 M7 M6 MS M4 M3 M2 Ml

M10 M9 M8 M7 M6 M5 M4 M3 M2 Ml

Fig. 5 Root mean squared error obtained from the models at training and validation stage
(Tmslns g Gaygel al e 10 b Jae 5l alol> glallas Sla o o Silee jadome & S

test Data: R=0.97025

0.2 0.4 0.6 0.8 1
Target

Output ~= 0.98*Target + 0.0072

Train Data: R=0.99243

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
Target

Fig. 6 Scatter plot for M14 model at training and validation stage
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Fig. 7 Observed versus computed DO time series for M14 model
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Table 8 Results of FCM-ANFIS for the provided models

Mod DC RMSE
el Trainin Validatio Trainin Validatio
g n g n

M1l 0.92 0.86 0.06 0.09
MI12 0.93 0.82 0.06 0.08
MI13 0.89 0.79 0.08 0.10
M14 0.98 0.92 0.03 0.07
MI15 0.96 0.80 0.07 0.12
M16 091 0.75 0.07 0.13
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Table 9 Determination of wetland type

Wetland name Area Status of the region Current source ofwat.er supply Wetland type
(Hectares) and water quality
Maximum and minimum
altitude are 2277 and
Karst dwater, Basin surf:
Choghakhor 1500 2271 meters, Arst groundwater, Basii surtace Lake type

respectively. Surrounded runoff

by mountains

VWA o 5o il VB il Vo Jgus

Table 10 The output scores for Choghakhor wetland in 2017

Indicator Score Achieved score
4 3 2 1 0

Electrical conductivity - 635 - - - 3
PH - - - - 8.5 0
Dissolved oxygen - - 3.75 - - 2
Surface soil consolidation - - 9 - - 2
Degree of bank stability - Moiie;itely - - - 3
Vegetation cover percentage - - 25% - - 2
Attached algae - - 0.45 - - 2
Width of fringing vegetation - - - 1.5 - 1
Vegetation layers - - 2 - - 2

Total score (out of 36) 17

Percentage of score 48%
YAV oy el OYB bl VY Jgue
Table 11 The output scores for Choghakhor wetland in 2018
Score
Indicator Achieved score
4 3 2 1 0

Electrical conductivity - 742 - - - 3
PH - - - - 9.68 0
Dissolved oxygen - - - - 0.75 0
Surface soil consolidation - - - 15 - 1
Degree of bank stability - Moiie;itely - - - 3
Vegetation cover percentage - - 25% - - 2
Attached algae - - 0.45 - - 2
Width of fringing vegetation - - 4 - - 2
Vegetation layers - - 2 - - 2

Total score (out of 36) 15

Percentage of score 41%

L (EC 0.3m, Water level, Temp Air, Temp 1.4) M14
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