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Table 1- Current crop pattern in Tajan watershed in-descending order of supply priority

Upstrean cultivated area (ha)

Crop Pattern Tajan Diversion Dam Shahg;l;ajaee Finesk Dam Zarem Dam
Citrus 12940 39 96 -
Black root 64026 501 2735 973
Rice 21961 1060 1907 160
Potager 235 35 2783 17
garden

Maize 369 - 1 -
Cereals 8.5 - 6.1 -
Oilseeds 435 0.3 13 4157
Wheat 1710 0.8 901 -

b T (U 4 (95 ddls) e Sl 1y Ltpeds adls
i b SUlapg (ol 5 do gilulay 5l Jols O ol 2)
S lsee el ppogdle 2)f3 s alasly 3l 41 (6399
Ol Glally cliS pj e GBI ile 4 (63959
Ol ey welyy bl boas aeles welyd 9 690 pe
S o 5l il ) Al 4 e oS oad 5bj (wein
Ol 35 dus 0350 o g kg 035 e 0 O
 Bogy dils S il 5 Y 5)lse olod oS5 &5 Ak o0
clhedls w3l 4 e welpy GwlEl w8 e dbol
@ bl jglated |y (gl dils 3)90 95 (nl & 0ad (g5liS
lodiaze d pn pl g ogde S oo Sl S (ol s
o Lobol o 4l 2ol 23 5 590000 b o2 Shomy
il b Cpsimad (60,80 4] S oo slogl 1y 1500, adls

VENSIM o (53959 Wodld (& 3wodkT
() U 5 oo ol b (SisSe 5 absy ol
.Aai)b sladls sy L 5,8 gladals L Cuol oads o3l olis
oails 8L adb o (6900 4l 9 Aol dlls @ujm @
9w (ilolay 5l Jols Ol ddls dyd 4 (6399 adls 1S L
& e Cumed by Coul pyw ddls g ol dils o lano
3 il g ol el 5 Gl Blate 5 o s il
‘)U?)” aals gi) (olﬁ)) dal> L)’i‘ u»l.ml O J}.u)L;O Cawo
3 S S e 5 5 e Gl s (o)
@ e i ol ) cdloy ptals g ajls el g s
ails) WS o dlol |y el ddls g ons O IS plie yiol38l
Ol > 4 (93955 o liee GRIB Gope G131 (5250
S, S 1 tnlgs o U lie JS e ilS g lndgeaS



=y Sl g (ABly 5y — S ETo 5 ETe Py fge
e Gl e OVgame Koo polie sl 5y
Owoxed Cuol oad «3,5 (2005) Allen et al., (oolpiin
Y gare il gly g 0dd g9yd (2398 olo I (=5 Juad
WSy Jols OV game slaodly Dy o dadls jou a2
5 o bl glonly 5 alBL  als T b s
S yio ygale s p dA(t) Sjge @ bailgy g3 &S Ly
bl ookl b el oad 0dly L (MCM/month) oo )
(P(t) comex 5 (A(PO)) 53 1o (il & b g Coio
e 3l amle gl pslaisen ol (055 LB

A5 oolazel (1976) Tennant i,

by bl Sl ygo e 5 Joame 3os iS5
o 5 (3elys adls) 95 0 sl ugE ddls wely> iolsél
2 g &l Gl e Ol dje (oxda O Gl3El L S0
25 gdaw pialS 4 e oS 4l ialS an e 4 tel)y a0
sel 3 i) 1S o sl 1y 15 gy by Jolss il g s oS
(a2 4
SigliS e )k by sbas b sl
g byiell & g b Jie 3 (o 5 imio (golaidl
Orpodes (11 JK5) 43wl g (giludnd oS wlul Ly,
w2l w25 ke ol 1) Sluwbre Gl &5 iy,
(V) Jgia > adlien oo (93959 slapiel)ly dlo jIaS w0390
ol e 2lS Wy o s KC oy baslgy 50 sl o ooly L

ST

percipitation

.
wetlan (water
surface storage)

cultivation orchard

eation efficiency, +

———crop water

» evaporation “-.requirement’

using deficit:
sy ‘\ /mm .
//‘__ﬁpnltway—ii-wppl_\f l
eservoir : industrial
A + domestic demand exparision
non reg\ﬂa(e}?\ .
e water  pounng to - +
trans?&\&ng to e sra\_}e feit
e total water Other syslam.\(. - + population
Tesources 'Q*-i___k_\_\_‘—"__ +
- groundwater -
It abstraction
\\ expenses bf | . U invesiment on
g pr o T pumping 2 industrial demand

changing croj
pattern =

agriculture demand

+_welfare’

investment on
agriculture activities

Fig 3- Casual loop Diagram in Hydrology System (Hashemi et al., 2021)
(Hashemi et aly2021) cyxi 3 9T 492 (Sl i 23 oo (oo § Cde Hldges -1 s

Table 2- How to communicate between variables in Tajen watershed
O 22T 4o g S 35 58 B yiio (o LU (Selxr -F Joux

subsystems
Sub- Model Variable Base Model
Hydrologic Reservoir Reservoir (Storage volume of
reservoir) =inflow - evaporation-
outflow—spill
Groundwater MIN (supply, Groundwater storage)
Allocation Supply = MIN (outflow, demand)
Agriculture Agricultural ET.= k. *ET,
Demand
Gross ET. — P / Efficiency = Gross
Agricultural requirement
Demand

Domestic and
Industrial Industrial

Demand

Domestic and

Dq(t) = d** p(t)




1FAF Y b Sl (b s }ugT 4092 13 odliiwl 350 (S golil Cww ygd -V Jou>

Table 3- Applied parameters in Tajan watershed during 2014-2018

Parameter Description Value Unit

CRSH.R Shahid Rajaee Crest height 138 meter

CR Fnsk Finesk Crest height 59 meter

CR Zr Zarem Crest height 78 meter

FCL SH.R SH.R Flood control level 153 meter

FCL Fnsk Finesk Flood control level 9.52 meter

FCL Zr Zarem Flood control level 60 meter

FCL AB Lagoon Flood control level 92 meter

Max Vol SH.R SH.R Maximum volume 162 Million Cubic meter
Max Vol Fnsk Finesk Maximum volume 11.8 Million Cubic.meter
Max Vol Zr Zarem Maximum volume 82.73 Million Cubic meter
Max Vol Ab Lagoon Maximum volume 102 Million Cubic meter
Min Vol SH.R SH.R Minimum volume 17.12 Million Cubic meter
Min Vol Fnsk Finesk Minimum volume 2.27 Million-Cubic.meter
Min Vol Zr Zarem Minimum volume 13 Million Cubic meter
Min Vol Ab Lagoon Minimum volume 25.6 Million Cubic meter
Eva Res Evaporation 0.9 meter

Ea Agri Agricultural efficiency 70 Percent

Dom Dem of SH.R Domestic demand 25 Million Cubic meter / Month
SH.R

Dom Dem of Finesk Domestic demand 0.6 Million Cubic meter / Month
Fnsk

Dom Dem of Zr Zarem Domestic demand 3 Million Cubic meter / Month
Ind Dem of SH.R SH.R Industrial Demand 1 Million Cubic meter / Month
Ind Dem of Zr Zarem Industrial Demand 05 Million Cubic meter / Month
Aquifer Depth Zarem Industrial Demand 70 Meter
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Table 4- Description of the major attributes and methods of the major classes in PySD.

PYSD 33 mge SN (ol S 59y 9 Slhogas 750 -f Jgu

Class Method or Attribute Description
Top-level class that represents all models, whether coupled or not (SD model wrappers, physically-
based model wrappers, and connected models).
Variable: dict A dictionary attribute where each key is a variable name and each value is a dictionary of that
' variable's properties. The latter has the following keys: “entry” (Boolean; whether the variable is a
model input); “exitry” (Boolean; whether the variable is a model output); “val” (float or matrix;
current variable value); “unit” (string; variable units); and “dims” (tuple; variable dimensions).
Time-step: str A string reporting the time step of the model
Name: str The name of the model (used in coupling).
Init_vars (self) Reads the model input and populates the variables attribute dictionary according to the input file.
Obt_unit_timesstep (self) Returns the time step of the model.
MODEL P > - -
) Initializes the model run (usually by sending.a command to the command line, or by opening *mdl|
Init_model (self) library).
Increase (self, step) Increases the current simulation.by pasonumber of time steps.
Read_vals (self) Reads intermediate variable.valuesfrom the model.
One of the only methods of Model which is not an abstract method, this method reads in new variable
change_vals (values) values from vals (a dictionary)-and stores them in the Model object's variables attribute before calling
change_vals_model tinternal () to effectuate the change in the external model as well, if necessary.
change_VALS internal_model  Given new variable values'in vals, takes appropriate action with the external model (often through a
(values) *.mdl call or input fileimodification) to update its internal variable values. .
close_model (self) Ends the simulation‘and closes any linked external model.
Envelope !Enve|opeM [_)S isa mostly empty abstrac_:t clas_s provided as a template for SD model wrappers. The
MDS implementation of the abstract methods inherited from Model are left to the SD software-specific

wrapper implementations to implement, as these vary from software to software.




Table 5- The results of VENSIM model calibration in Zarem Part using PySD model
PySD o 3 odlii! b p 5 dilare 38 VENSIM  Juo (zxiwlg I Jol> mbi -0 Jgu

Year Statistical ZrQ: 0.96 Z_rO: 4 ;rO: 3 Z_rO: 3 Zr_O: 0.75 Z_rO: 1.8
tests Agri coe=3 Agri coe= 4 Agri coe= 4.5 Agri coe= 6 Agricoe=d.5  Agricoe=0.8
RMSE
(meter) 0.08 0.09 0.09 0.09 0.21 0.07
2014 nRMSE (%) 12.17 13 14 14,71 20 12
P-value "*0,029 "*0,077 "$0.032 "%0.015 >0 "*0,051
R 0.053 0.68 0.65 0.69 0.59 0.052
RMSE
(meter) 0.008 0.010 0.013 0.010 0.009 0.38
2015 nRMSE (%) -0.528 -0.772 -1.281 -0.570 -0.34 4
P-value "% 0,381 "% 0,511 ™% 0,099 "%.0.059 >0 "*0.057
R 0.94 0.92 0.92 0.93 0.95 0.93
RMSE
(meter) 0.013 0.008 0.011 0.010 0.012 0.01
2016 NnRMSE (%) -0.899 -0.284 -0.567 -0.338 -0.907 -0.917
P-value "50.124 "$0.247 "*0.309 "*0.785 >0.04 0.067
R 0.91 0.95 0:92 0.94 0.89 0.93
RMSE
(meter) 0.009 0.014 0.008 0.009 1.24 0.21
2017 nRMSE (%) -0.397 -1.039 -0.197 -0.344 26.6 5.82
P-value "$0.102 "%0.364 "% 0,752 ™% 0.094 >0 "*0.032
R 0.98 0.61 0.62 0.63 0.67 0.57
RMSE
(meter) 0.85 0.003 1.38 1.24 2.2 0.46
2018 nRMSE (%) 1.22 -0.231 1.12 1.06 7.01 1.05
P-value ™$0.347 "50.247 "$506 "$0.264 >0.051 "%0.07
R 0.65 0.76 0.59 0.72 0.61 0.98

*Zr0 sAgri coe :Reservoir correction factor.and agricultural need correction factor respectively.

LM :meter.

s

. S:Significance and n.s.: nen-significance at the 5% probability level




Table 6- summary of water allocation in Tajan Watershed in PySD environment
Pysd tume 38 (25 3241 459> 33 DT Lawasss 406 -1 Jaor

description

upstream

water requirement supply before Dam
water requirement supply before Dam
Inflow to Dam

storage volume in Dam

Agricultural demand

Domestic demand

Industrial demand

Enviromental demand

Agricultural supply

Domestic supply

Industrial supply

Enviromental supply

Interflow of dam after supply demand
Demand after dam

Supply after dam

Baseflow of river (before bifurcation
node)

outflow after Supply and adding other
river

beseflow before sea

Exchangeable water to other province
Ab- bandan Abstraction

Baseflow after Ab-bandan

GW abstraction

Tajan River at
Finesk dam Part

31.78
22.07
19.37
16.27
48
31.54
29.88
29.29
3.3
8.22
4.3
16
19.05
18.35
110

182

Tajan River at ShahidRajaee.
Reservoir Part

107

182
567
146
51.58
30
12
88.5
49.37
11
30
138

164

303

Tajan River at
Zarem Part
140

8.03
8:03
240.55
454
52
46.8
28
6
45
37
24
4.9
73
5.05
4.88
92

116.83

Tajan River at Tajan
diversion Part
447

54.06
54
432
389

333
243
98
483
91.5
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Fig 4 .One-to-one graphs of reservoir coefficients and agricultural demand coefficients in Finesk region in the parameters
of observed values and simulation of reservoir volume changes(MCM: million m?)
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Table 7- Simulation of supply and deficit in the 5-year average in the Tajen watershed (MCM) by the PySD model
PySD Jow 3l o8kl b (MCM) o3%5 3 9T 4bg> 30 dllu 0 puKilo 33 39405 § woll Of a0 (53l A - J9ui

Months April May June July August September
Part Crops Deficit Supply Deficit Supply Deficit ~ Supply Deficit ~ Supply Deficit Supply Deficit Supply
Finesk Dam. - - 1.2 - 0.02 0.07 0.15 0.12 0.26 0.08 0.12 0.02
Black ShahidRajaee Dam 4,77 - 9.27 0.09 9.58 0.2 9.40 0.3 8.09 0.13 2.85 -
root trees Zarem Dam - - 2.1 10 15 0.6 16 - 8.6 0.24 8.7 1
Diversion Dam 3.71 0.67 6.6 7.35 0.27 7.53 - 6.40 0.05 2.22 0.01 0.30
Finesk Dam. - 0.06 - 0.02 - 0.04 - 0.03 - 0.01 - -
Citrus ShahidRajaee Dam 1.27 - - 1.15 - 1.75 - 1.6 - 0.65 - -
Zarem Dam 0.03 23 0.24 19.6 0.32 16 0.3 10 0.19 8.85 0.1 11
Diversion Dam 13.61 4,12 22.70 27.56 0.53 27.8 - 23.6 - 8.20 0.25 1.72
Finesk Dam. - - 0.09 - 0.86 1.34 0.71 2.09 0.26 1.74 0.07 0.68
Rice ShahidRajaee Dam - - 1.82 - 2.6 - 2.17 - 0.87 - - -
Zarem Dam 0.32 2.56 2.5 1.3 3.25 0.58 2.45 0.63 1.47 0.57 1.17 0.80
Diversion Dam 25 - 12.6 39 0.4 52 - 53 - 45 0.35 15
Potager Fi.nesk. Dam. - - 0.01 - 0.29 - 0.04 - 0.01 - - -
garden Shahlngjaee Dam - - - 0.02 - 0.08 - 0.14 - 0.07 - -
Diversion Dam 0.02 - - 0.24 - 3 - 3.18 0.3 2.65 0.02 1.06
Finesk Dam. - - - - 0.03 - 0.03 - 0.06 - 0.02 -
oilseeds ShahidRajaee Dam - - - - - 0.01 0.02 - - - - -
Zarem Dam - - - 0.01 - 0.02 - 0.02 - - - -
Diversion Dam - 0.08 0.54 1.04 1.78 1.1 0.98 0.93 0.07 0.32 - 0.02
. Finesk Dam. - - S - - - 0.03 - 0.02 - - -
Maize Diversion Dam - 0.23 1.6 3.14 291 3.25 0.15 2.76 0.03 0.96 - 0.07
Finesk Dam. - - - - 0.12 - 0.06 0.24 - 0.05 - -
Wheat ShahidRajaee Dam - - - - - 0.12 0.06 3.45 - 0.05 - -
Diversion Dam - 0.24 1.65 3.27 3 3.66 1.1 2.85 0.12 1 - -
- - - - 0.02 - 0.01 - 0.02 - - -

Cereals Finesk Dam.
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Table 8- Evaluation of the performance criteria of Tajen irrigation and drainage network in supplying
agricultural demand during 2014-2018

Evaluation criteria

Parts  Crops Reliability Resiliency  Vulnerability  Satiability
Finesk 0.51 0.41 0.12 0.21
Zarem Blackroot 0.12 0.03 0.02 0.01
ShahidRajaee trees 0.35 0.17 - 0.06
Diversion Dam 0.67 0.49 0.04 0.36
Finesk 0.70 0.55 0.01 0.85
Zarem . 0.71 0.43 0.15 0.95
- - Citrus
ShahidRajaee 0.98 0.66 0.06 0.61
Diversion Dam 0.59 0.43 0.2 0.2
Finesk 0.73 0.38 0.11 0.68
Zarem Rice 0.43 0.66 - 0.29
Diversion Dam 0.87 0.9 - 0.78
ShahidRajaee Potager 1 0.86 - 0.86
Diversion Dam garden 0.73 0.37 - 0.65
Diversion Dam Maize 0.71 0.32 0.24 0.18
Zarem . 1 1 - 1
S Oilseed
Diversion Dam 0.65 0.4 0.2 0.2
Finesk 0.37 0.05 0.05 0.02
ShahidRajaee Wheat 0.9 0.77 0.24 0.52
Diversion Dam 0.66 0.4 - 0.64
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Abstract

Open source is a part of the software that is not visible to most users, but in fact, the software can be
viewed, edited or developed from its source code. In fact, by writing=the source code, the
performance of different parts of a software is determined, and it allows to add certain features to it
by accessing it. In this way, the performance of the program will alse.be improved or its problems
will be solved. Its documentation is provided through the public repository layer under the EUPL
license, which is freely accessible to the publice Also, besides the*possibility of integration with
different models through open source (Inam et al., 2017),it.prevents problems in deciding long-term
strategies (Malard et al., 2017). So far, various integrated models have been developed in coding. In
most of these researches, the use of these developed models in combination with dynamic system
models has been reported (Hashmi et al., 2020, Prodanovic and Simonovic, 2010, Peck et al., 2014,
Malard et al., 2017, Inam et al., 2017, Shrestha et al., 2013, Liao et al., 2012, Bulatewicz et al.,
2010). For example, Malard et al. (2017).and Inam et al. (a, b 2017) developed the SAHYSMOD
groundwater movement model for the Punjab region of Pakistan using the Python coding language.
Allocation of drinking, agricultural;” industrial and environmental water resources was not found
based on the review of research. records conducted for this research in this area using the PySD
model. Therefore, in this research, the VENSIM model was developed with the Python programming
language to simulate the allocation to evaluate the efficiency of the water resources system during the
years 2013-2017.

Methods
PySD, which refers to @ VENSIM model created in Python, parses the VENSIM ".mdl' file into its
components-and returns the results to Python, which enables the extraction of dependent components
from the VENSIM environment. It can easily be used to model communication or parallel distributed
computing and finally perform simulations without changing the dynamic structure of the systems or
the real variables of the developed model (Houghton, 2018). At this stage, by identifying the basic
relationships between different system components and subsystems, the package under Python
should be created. The basic relationships governing them and existing assumptions were translated
into the Python programming language and were placed in the package (Hashmi et al., 2020). In the
present research, these things were realized in the following order:
1. Creating a dictionary so that all the parameters of the model are written in the majority of the
dictionary so that it can be called through the created library if necessary.
2. In the second stage, the dynamic model system was translated from the Windows version to
Python, which was the most important part of the work and requires the correct recognition
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and calling of all its libraries and classes. This step requires sufficient mastery of the built
dynamics system model and familiarity with its main rules and approaches. The initial code
was posted by Houghton (2018) which was used for the initial simulation. It is also possible
to apply changes and check the results according to the simulation of the model and the
assumptions that are followed in it.

3. Inthe next step, the input data to the model was prepared. This step is exactly the same as the
VENSIM model, so that each batch of input data is stored in its desired folder and called in
the process of running the simulation.

4. For the calibration of the model, a special command has been written, which can be called
the relevant variable using the same dictionary written in the first step, and any changes can
be applied to it, and how its changes can be evaluated on the output.

Results and discussions

investigating the RMSE values showed this parameter has the best match between the simulation
and observation values in all the proposed cases and it was higher for Zr0 = 0.75and agri coe = 1.5.
On the other hand, NnRMSE had the opposite trend. So that it is in the range*of 12%-14%, which puts
it in the good to excellent range, and except for Zr0=0.75 and agricoe=1.5; the nRMSE is estimated
to be 20%, which makes it in the good range. (Kiani, 2010). In order.to~complete the evaluations, a
significance test was performed and the results of the t test showed that there is no significant
difference between the simulated and observed values at the 95% probability level (T-test>0.05). Of
course, except for Zr0 = 0.75 and agricoe = 1.5, which there-is a significant difference at the 95%
level. This test proves the results of other statistics to a large.extent.

Checking the supply and shortage related to rice.also has a similar trend with other products of
this sector. Out of a total of 17 million cubic meters-of ,required water, 7 million cubic meters have
been supplied and 42% of it has not been supplied. Of course, checking the numbers of supply and
shortage in different months of this product shows that the shortage is mainly in the hot months of
the year, when the base discharge and release of the reservoir in this area are reduced. Due to the
lower supply priority compared to the ‘other.two products and the relatively lower demand of this
product with citrus, its supply has had.such a‘trend.

In the case of wheat, seed corn and oilseeds, there is a more or less different trend, so that this
parameter was almost 50% for. oilseeds. Also, wheat and grain corn can be supplied by 20% and
31%, respectively, which, after rice have the lowest supply priority in this region. The results of the
balance of resources and water consumption in the Tajan catchment basin in the existing conditions
with the VENSIM model during.2012-2016 showed that the agricultural demand in Finsk, Shahid
Rajaei, Zarem and the Tajan.diversion dam is 18, 146, 93 and 478 million cubic meters, respectively.
6 million cubic meters.(33 percent), 93 million cubic meters (63 percent), 100 million cubic meters
(59 percent), and-380 million cubic meters (80 percent) have been provided, respectively, and only in
the Tajan diversion dam area, the ability to provide 80 percent has been met. And in other regions,
significant deficiencies have been observed. On the other hand, the review of the balance of
resources and expenses in the drinking, industry and environment sectors in all regions shows that
the resources.available in each region are sufficient to meet these needs, and in most regions, more
than 90% of these needs are not met. Therefore, there are still significant deficiencies in the
agricultural sector.

Conclusion

The evaluation of the sustainability criterion in estimating the efficiency of the water resources
system in providing the agricultural needs of the Tajan catchment area shows that few products are in
the acceptable range. Including citrus fruits in Finsk and Zarem region, summer crops in Shahid
Rajaei region and oilseeds in Zarem region. Also, stone fruit trees in Zarem and Shahid Rajaei region
and wheat in Finsk region show the lowest level of stability and zero. This problem shows the



significant deficiencies in this basin, especially in providing the needs of these products and the
significant lack of water resources in providing its needs, which requires the need for special
management measures such as changing the cultivation pattern, determining the optimal depth or
using other sources.
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