Hppuramnusa Ba MeJuopanus
HYHAJIHIIHM/IA TABJIAM Ba UJIM
MaKCaauaa Moae/IapaAaH
(borgaIaHUIII



Mag3y 103ap0Juru:

Vuueepcumemoa yxuuw sxcapaénuoa mooenniapoar houoaianuiu
DPUBOIICTIAH2AH MAMIAKAMIAP YHUBEPCUMemiapuaa Hucoaman oup neua
oapasap kampox. bynnune namuorcacuoa.

* YHUBEPCUTET YKUTYBUYNIAPU XaTKAPO UIMUN KYPHaNapaa KYynpok,
MaKoJ/1a/1ap Hallp 3TULW UMKOHUATUAAH Tyna donaAaNaHUAMACAUTI.

* TanabanapHMHr yKkMwra Ba y3 OMAMMUHU oWMpULLITa KN3UKULLIK NacT

* UnMUM U3NAHULLINAPHUHT AKYHUIN XYNOCanapn KYrnmMH4Ya aana Wwaponutnaa
HarkapuaraH MIMMN U3NaHULWLNAPIA aCOCNaHMb KenarkaKk ballopaTnapuHu,
XWUJIMA XUN CUEHAPUMNNAPHU LAKNAHTUPULLTA UMKOH bepmasanTu.



Takaud:

Myammoza 6ockuunu énoautys:

1) Ouwk rok1a0 ONMII MYMKHH OYJITaH JAaCTypJIapHU YKUIII kapaéHHUra Ba HIIMUM
M3JIAHUIITIAPTa KEHT KOPUW KUJIMIII;

2) dakympTeTna Maxcyc TEXHHUK IIApOUT Ba JacTypiiap TYIIaMHra 3ra Oyirad Oup
HEYa MapKasjiap sipaTull;

3) bup Heua gactypaapaaH, yIapHH MaKcaId OMpIIaIITHPraH Xouaa, ¢poiaaaianuo
UMUK MyaMMOJIapHU €YHIILL.



Ouuk gacrypJjap TyIJIaMu:

1. IHA —ruaponoruk y3rapuiuiapHu TaxJInI KWL JaCTypH

www.conservationgateway.org/ConservationPractices/Freshwater/EnvironmentalFlows/Met
hodsandTools/IndicatorsofHydrologicAlteration/Pages/IHA-Software-Download

2. MODFLOW - ep ocTu cyBiIapuHU MOJICIIALLITHPUII JACTYyPH
https://www.usgs.qov/software/modelmuse-a-graphical-user-interface-groundwater-models

3. HYDRUS ID — tynpok HamMIuru Ba MIypJIaHUIIAHA OalllopaTH,
CYFOPHIII KYHUHU aHUKJIAILL....

https://www.pc-progress.com/en/Default.aspx?hydrus-1d
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O4uK gacrypJap TYILIaMu:

* CROPSYST = ukJIuM y3rapuiluHu SKUHIAp XOCHINTa TAhCUPUHU Oaxojall 1acTypu

https://www.quantitative-plant.org/model/CropSyst

http://bioearth.wsu.edu/cropsyst model.html

« Visual MINTEQ = cyBaaru (TympoKaari) HOHJIAp XOJIaTHHU aHUKJIAII JaCTypH

https://vminteg.com/download/

« DSSAT = cyB Ba yrumiapaaH (poilfallaHUIIHUHT YKWHIIAP XOCHINTa TAhCUPUHU Oaxomanl
https://dssat.net/
https://dssat.net/plant-growth-modules-in-dssat-csm/

* GAMS = anreOpauk TeHIIIaMaap TU3UMH, CyB Ba DHEPrUs PECYPCIApUHU OOLIKAPHII, TAKCHMMIIAIL, CyB OMOOPIapHHYU OOIIKApHII
Ba 0OIIIKa MacalalapuHy €4YHIIJIa KeHT KYJUIaHaauTrad 1acTyp

https://www.gams.com/

* WEAP = CyB pecypciiapu 0axosnaii Ba peKaJallTUPUIL TU3UMU

https://www.weap.com/
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Conservation Planning +  Conservation Practices +  Conservation By Geography

Conservation Practices

? Water

Corporate Water Use

Environmental Flows

Concepis

Methods and Tools
Environmental Flow Components
Hierarchy Method
The Savannah Process
ELOHA
Indicators of Hydrodogic Alteration
Libraries

IHA Publications and Other
Diocuments

Frequently Asked Questions

Conservation Gateway » Conservation Practices » Water » Environmental Flows » Methods and Tools » Indicators of Hydrologic Alte

IHA Software Download

Indicators of Hydrologic Alteration
{IHA): Software for Understanding
Hydrologic Changes in Ecologically-
Relevant Terms

The Indicators of Hydrologic Alteration
(IHA) is a =oftware program that
provides useful information for those
trying to understand the hydrologic
impacts of human activities or trying to
develop environmental flow
recommendations for water managers.

Mearly 2,000 water resource managers,

hydrologists, ecologists, researchers
and policy makers from around the

Iz Manual {English)

Iz} Manual {Spanish)

{3 Tutorial (English)

{3 Tutorial {(Spanish)

[ Training (English)

[ Training (Spanish})

IHA hydrological alteration X

BCE EWOEO HOBOCTH KAPTHI

www.conservationgateway.org » ..

Indicators of Hydrologic
Alteration (IHA)
O

Indicators of Hydrologic Alteration (IHA)
is a software program that provides
useful information for those trying to
understand the hydrologic impacts of .

www.conservationgateway.org » ..

IHA Software Download -

Conservation Gateway
o

The Indicators of Hydrologic Alteration

waorld have used this program to assess how rivers, lakes, and groundwater basins
Training have been affected by human activities over fime, or to evaluate future water
management scenarios.

(IHA) is a software program that
provides useful information for those

Publications & Other Documents trying to understand the hydrologic -
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I'uaposioruk kypcarkudaap y3rapumu (I1HA)
MOJeJIM KYPUHUIIH

&4 Indicators of Hydrologic Alteration - O X
IHA | Options Window Help

Hydrologic Data >

Project »

Spreadsheet 4

Wizard

Batch Processing

Exit

[ HA

The Indicators
(_7f Hyc[roﬁ)gzc
Alteration

Welcome. Start by opening either a Hydro Data File or a Project ( x30,y:39




- Extre;_ne Low Flows [jjic Alteration - [Graph: test /test1/test1 - Environmental Flow Components (1947-1979)] = X
— Low Flows .
—— High Flow Pulses  |[ns Window Help 8 x
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—LerseFoots |4 @] S
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Environmental Flow Components (1947-1979)
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“  PC-PROGRESS - Hydrus-1D

x  +

& X 8 pc-progress.com/en/Default.aspx?hydrus-1d

Oxkuaanve www.google.com...

PC-PROGRESS

Engineering software developer

Search Q

@ Home
@ Programs

@ HYDRUS
3 RWIND Simulation
@ HYDRUS-1D
Description
References
Tutorials
1 Library of Projects
HP1 Module
UnsatChem Module
Package for MODFLOW

@ STANMOD

@ RETC

@ MESHGEN AREA
1 DREAM Suite

3 Hydrus-2D

3 COCHEM Flow

cm—
o l
———

He=0BOEO

Home News

Home / Programs / HYDRUS-1D

Announcement

Announcement: Note that the Hydrus-1D software package has been discontinued. While Version 4.17 of HYDRUS-1D will remain available to
the public as is, any new developments will from now on be implemented only in Version 5 of HYDRUS. Note that version 4.17 of HYDRUS-1D

has recently been fully updated and merged with HYDRUS (2D/3D) (version 3.04) to result in Version 5 of HYDRUS. New features of the one-

Support Downloads

Contacts

dimensional part of Version 5 of HYDRUS include new modules PFAS, Cosmic, DPU, Parficle Tracking, and C-Ride, as well as updated
graphical capabilities, such as two-dimensional z-t graphs of selected vanables. More details about Version 5 of HYDRUS.

Hydrus-1D for Windows, Version 4.xx

Hydrus-1D is a public domain Windows-based modeling environment for analysis of water fiow and solute transport in variably saturated porous
media. The software package includes the one-dimensional finite element model HYDRUS for simulating the movement of water, heat, and
multiple solutes in variably saturated media. The model is supported by an interactive graphics-based interface for data-preprocessing.
discretization of the soil profile, and graphic presentation of the resulis.

Program Description

@ The Hydrus-1D Model Description

@ User Interface

@ Post-Processing

@ System Requirements
@ Source Code

Downloads and Support

@ Hydrus-1D Downloads
@ Hydrus-1D Tutorials

Examples and Extensions

@ Hydrus-1D References

B Public Library of Hydrus-1D projects
@ HP1-Coupled H1D and PHREEQC model
@ HYDRUS Package for MODFLOW

@ The Unsatchem Module

Other Programs

@ HYDRUS 2D/3D
O HYDRUS Reviews

~A @ 2 @) ENG 21:11
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Hydrus moaeau 1D, 2D 3D pacrypaapu

1D 2D Streamline animation 2D Concentration
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DSSAT (Decision Support System for Agrotechnology
Transfer) ( Jexxonumumkaa EanMmitapau accocnan TH3UMH )

KoMnoHeHTnapwu XapaKkTtepucTtuka

MabnymoTtnap 6asacu | knum, Tynpok, reHeTuka, 3apapkyHaHganap,
Taxxpundanap, UKTUCOANET

Moaoennap IKnHNap gacrtypnapu (maize, wheat, rice, barley,
sorghum, millet, soybean, peanut, dry bean, potato,
cassava, etc.)

[acTtypnap Tynnamwu [ paduka, uknnum, 3apapkyHaHganap, Tynpok,
reHeTunka, Taxpmbannap, UKTUCOOUN Taxnun

donpganannl makcaau | Taxpubanap HaTwkKanapuHu Taxnmn KUnuLl Ba
pecypcnapgaH donganaHui cTpaTtermacuHn nwnab
yukuw (Validation, sensitivity analysis, seasonal
strategy, crop rotations)




DSSAT moaennnra MabayMOTIapHU KUPUTHUII
OMHAaCH

BN DSSAT35.EXE ﬂﬂ

MODELS ANALYSES

Background_
Experiment

Genotype
d Weather
Soil
Pe=st
Economic

Institutes, sites, and researchers;: fields; and codes for data.




DSSAT Mozaennnra MabIiyMOTJIApHA KHPUTHIILL.
Mucour.
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Wheat: 23 sites (m.e.: 10%)
Cr()p Model Va”dation Soybean: 16 sites (m.e.: 10.9%

Maize: 11 sites (m.e.: 7.8%

S T 15
- ®Trigo  ASoja Y71 0 Maz —
o® 13 - )
g4- = g 121
s = 11 - o, o ©
g PS g 11 0
-8 3 T m '8 10 '1F 0
=] S 9
£ 2 £
n n 8
1 7
6
0 5
0 1 2 3 4 5 6 5 6 7 8 9 10 11 12 13 14 15
Observados (t/ha) Observados (t/ha)

Travasso & Magrin, 2001




& - C A Hesawwueno | bioearth.wsu.edu/cropsyst_ model.html G & =2 % O a
L L S e e T RS R LS R
|.Coupled
simulation of
hydrologic cycle
and crop growth:
all irrigation Il. Runoff, baseflow, and
flow network; reservoir
simulation accounts for
irrigation diversions
IV. lteration of
coupled simulation L ) )
to accountfor — lII. Irrigation diversions
reduced irrigation in - compared to irrigation
dry years water availability:
curtailment in dry years
Figure 3. VIC-CropSyst as part of an integrated modeling framework to assess the impacts of water scarcity in irrigated systems.
(Figure from Rajagopalan et al., 2013, in preparation)
& AJPSB_4S111-50.pdf A @ AJPSB_4SI11-50.pdf A @ FAO_CEA Lecture_..pdf A B9 AGAMS TUTORIALppt A B MODFLOW lectur...pdf A Mokasats sce X
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Water evaluation and planning system (WEAP) =

CyB pecypcaapu 6

MabyMOTHU KUPUTHUIL

w

Area  Edit

View General Schematic Tags Advanced Help

Schematic

=

oE]
el

WEAP: 2018.1

W~ River (3)
Wl Diversion

¥l A Reservoir (2)

W/ M Groundwater (2)

] ® Other Supply

)@ Demand Site (6)

¥/ ® Catchment

Wl ® Wastewater Treatment Plant (
Wl Runoff/Infiltration

Wl — Transmission Link (8)

W — Return Flow (12)

Wl mRun of River Hydro (1)

W Flow Requirement (3)

Wl # Streamflow Gauge

o

Industry
North (2)

North
Reservoir .
e,

S
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I Counties
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Industry
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south City
WWTP

N o

Vs P

Grey Hydro
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River 7
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River if

4
)

P
J

Weaping
River

axoJianl Ba peKaAJdalITHPUIIT TUZUMU

Xap XWJl CLIEHapuiiIap HaTHXajlapu

W WEAP: Weaping River Basin

Area  Edit

e

View Favorites Advanced Help

Table | Map |

|Groundwater Storage +|([Billion ] [Cubic Meter ~|)

[Nl Aquifers 2) ~| [Allmonths (12) +| [AllTags (2) | I Manthly Average [No comparison +

Billion Cubic Meter

Area: Weaping River Basin | 2010-2020 {monthly) | Evaluation Mode -

€" is disabled (except for small models--up to 6 nodes, 3 rivers)

W

o
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All Scenarios
W — Demand Measures
¥ — Integrated Measures
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WEAP: 2018.1

Area: Weaping River Basin

2010-2020 (meonthly) | Evaluation Mode - "Sa

sabled (except for small models--up to 6 nodes, 3 rivers)




Documentation Model Libraries  Index Help
1 trnsport A Transportation Problem LP Management Science and OR
2 blend Blending Problem | LP IManagement Science and OR
% prodmix A Production Mix Problem LP Management Science and OR
4 whouse Simple Warehouse Problem LP Management Science and OR
5 jobt On-the-Job Training LP Management Science and OR
B sroute The Shortest Route Problem LP IManagement Science and OR
7 diet Stigler's Nutrition Model LP Micro Economics
8 aircraft Alrcraft Allocation Under Uncertain Demand LP Management Science and OR
9 prodsch APEX - Production Scheduling Model MIP Management Science and OR
10 pdi ARCNET - Production Distribution and Inventory LP Management Science and OR
11 uimp UIMP - Production Scheduling Problem LP Management Science and OR
12 magic Magic Power Scheduling Problem MIP IManagement Science and OR
13 ferts Egypt - Static Fertilizer Model LP Micro Economics
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E MaodelMuse: A Graphical User [nt X + o — (] e

<« C 8 usgs.gov/software/modelmuse-a-graphical-user-interface-groundwater-models G B =2 % O &

ModelMuse: A Graphical User Interface for Groundwater Models

November 21, 2022

View Software Release

Overview of ModelMuse Contacts

ModelMuse is a graphical user interface (GUI) for the U.S. Geological Survey S I USGS MODFLOW Team
(USGS) models MODFLOW 6, MODFLOW-2005, MODFLOW-LGR, [ 1 o o o v o s oen | Email: modflow@usgs.gov
MODFLOW-LGR2, MODFLOW-NWT, MODFLOW-CFP, MODEFLOW-0OWHDM, X4 | ~REOHS| 2040 B oesoean

MODPATH, ZONEBUDGET, PHAST, SUTRA 2.2, SUTRA 3.0, MT3D-USGS, and ue tems pees rue tees e mo g
WellFootprint and the non-USGS model MT3DMS. This software package '
provides a GUI for creating the flow and transport input file for PHAST and
the input files for the other models. In ModelMuse, the spatial data for the
model are independent of the grid, and the temporal data are independent of
the stress periods. Being able to input these data independently allows the
user to redefine the spatial and temporal discretization at will. ModelMuse
supports parameter estimation with UCODE in MODFLOW-2005 . 5
and MODFLOW-NWT models and with PEST in MODFLOW and SUTRA
models except for MODFLOW-LGR models.

IES

Richard B Winston, Ph.D.
Hydrologist

—_— _
2
|

21E%

Water Resources
Email: rbwinst@usgs.gov
Phone: 703-648-5988
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I'padux uarepdeiic opkaau MODFLOW ra
MAJIYMOT KHPUTHII BA HATHKA OJIMII

C:\ Projdirs’ NEW prj)\, Testmodel'FEl

werdichtings zone

& TriShell Version 3.0)

Fioject Parameter Scenano Tools  Window Help

[oe)e

By TriDemo

Calil§
Grid Trans
Grid
Scenario Gnd
Path line Gnd

Unsaturated = Grid

Final

scena

Streamlines

GwA
Path line Gnd TransPath
Gnid n/a FDGnd
Calibration | FDGrid B MfCal

TriDemo:scena

Inherited parameters  Modifi

Mame | Type | All
@:RP2 NODE Ar
& RP1 | WONDF ™




[Taket RIV, h, RBOT, (h,<RBOT,) nan nactnaa

Jlap€naH ep OCTH CyBlIapura CUHIMJIUraH CyB MUKJIOPHU KaH4a ?

IMPERMEABLE
h WALLS HEAD IN
SURFACE o1\ /




Ep ocTi CyBUHHM TOPTHO OJIaUIaH KYLYKJIap

e [Taker Well (WEL)

» Kupurnnaguran MabIyMOT. KaTiiaM,
KaTop, YCTYH, CYBHM TOPTHO OJIMIII
capdu (HUCOUI, arap CyB OJIUHCA)

* Cason. Aeap Kyoyx bup neua

KamaamHu Kecuo ymcea, xam oup
KamaamoaH Kanua cye onaou ?

hy =10 ft
T2 = 1000 ft2/d
S2 =0.0001

Impermeable Layer

hy =30 ft
T1 = 4000 ft2/d
S = 0.0001
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A GAMS MoaenHu Ty3HII
MM COJIN



GAMS y3u Huma?

 General Algebraic Modeling System = Anrebpauk
MoJejIap YMYMUU TU3UMU

* Yu3uKIM, HO-UM3HUK, apajalliraH,... OITUMU3ALHsI
MyaMoJapHu

» Karra, Mmypakkab MyaMMOJIapHM €UHIIIa aHYa
(douganu



A GAMS Example = TRANSPORTATION EXAMPLE
GAMS mopean Mucoau = Pecypc TakcumJjianm eTKa3zuo
OepuIn

* CyB myamMocu!...
* 2 MaHOa, 3 maxap, cyB cudaru KypUJIMaiIu.
* bepuiraH: cyBHHM €TKa3u0 OCpHIll HApXy OCpHUJITaH.

* CyBHH €TKa3u0 OepHulll XapaxaTaapyuHH
MUHHUMAaTAIITHPUII ?



A GAMS Example = TRANSPORTATION EXAMPLE
GAMS moaean Mucoau = Pecypc Takcumwmiiam eTKa3uo Oepuiln

Ynpuuk
napecu
Ep octn
CyBJIapH

Minimize: (CyB erka3u6 Oepuir xapakariapuau) Transportation cost

Subject to: Tanad MakcuMal KOHAUPHIUIIHN KepaK, CYB PECYpCIapuHH YCKIaHTaHIUTHHH
XHUCcoOra OJIMHT



A GAMS Example = TRANSPORTATION EXAMPLE
GAMS mopeam Mucoaun = Pecypc Takcumuiam eTKkasuod Oepuiin

Macoda
LLaxapnap
. CyB

MaH6anap Unpuumk TolwkKeHT AHrnnyn
4 MUKOOPU

IPInK 2.5 1.7 1.8 350
Aapecu
Ep octu cys. 2.5 1.8 1.4 600
Tana6 325 300 275

1 m3 cyBHU 1 KM eTKa3nb 6epuw xapaxkatnapu S90 TeHr



A GAMS Example = TRANSPORTATION EXAMPLE
GAMS mogeau Mucoam = Pecypc Takcumiiam eTkasuo
OepuIn

Indices (or sets):
| = manOa (2)
) = Tanadropnap (3)
Given Data (or parameters):
a, = manOamap, 1 (In cases)
b; = Tanmabropnap, J (cases)
= xapaxkatiap | MmanOagaH | maxapra

t$/case)



A GAMS Example = TRANSPORTATION EXAMPLE
GAMS monean Mucoan = Pecypc Takcumiiai eTKa3uo
OepuIn

V3zapyeuunap:

Xjj = | MaHOaJaH | maxapra €TKa3mIaaural cyB MHKI0pH (Cases),
Kaepna X;= 0, forall i, j

Yezapasun wapoumanap:

| maHOamaH | mraxapiapra CyB €TKa3uO OepuIll yerapacu.

2 Xij <&, for all i (cases)

Xap Oup maxap Tanadu KOHIUPWINII KEpak:
Y% > by, for all j (cases)

Onmumanawmupunt PyHKUUACU:
Minimize }; }; € X;; ($K)



Transportation Example:
ALGEBRAIC REPRESENTATION

* All the entities of the model are
Identified (and grouped) by type.

*the ordering of entities IS chosen so
that no symbol is referred to before
It 1s defined.



om gamside: C:\WINDOWS\eamsdiriproject.gpr - [C:AWINDOWS\eamsdiritrnsport.gms]

wm Filz Edit Search ‘Windows  Help - O X

SERERAR RO - ]
trnsport.gms |trnsp|:|rt.lst
Sets ~
i canning plants / seattle, san-diego /
] markets / new-yvork, chicago, topeka /
Parameters
alil capacity of plant i in cases
; seattle 350
gan-diego oo/
bill cdemand at market ] in cases
; new-york 3Z5
chicago 300
topeka 2795 F
Table dii,]) distance in thousands of miles
newv-york chicago topeka
seattle 2.5 1.7 1.8 B
san—-diego 2.5 1.8 1.4 ;
Scalar £ freight in dollsrs per case per thousand mwiles  F907 :
Parameter ci(i, ) transport cost in thousands of dollars per case
efi, 30 = £ % d(i,3) / 1000 ;
b
&5 | ?
4ﬂ:3?| “nseﬂ r|




om gamside: C:\WINDOWS\eamsdiriproject.gpr - [C:AWINDOWS\eamsdiritrnsport.gms]

wm Filz Edit Search ‘Windows  Help -0 %
=| B % ¥ | - | @) | - |

trnsport.gms ltrnspn:urt.lst]

Variahles
*[(1i,7) shipmwent quantities in casSes
z total transportation costs in thousands of dollars

[#

Po=zitive Wariable = ;

Egquations
cost define objective function
supplvyii) ochzerve supply limit at plant 1
cdemand () satisfy denand at market 3 @

costC .. =

Il
m
Il

sum((i,3), c(i,]3)*x{1i,3)) =

supplv (i) .. sum(], ®x(i,3)) =1= a&af(i] :

demand () .. sum(i, =(i,]J)] =g= bi{jl :

Model transport Fallf

Solvre transport using lp mwinimi=zing = :

Display =.1, =x.m :

|ﬁ
[
| Bk

40: 37 Inzert
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