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Migration Lerma-2004 model, from Stella to RiverWare

* Objective: To export the information according to the
distribution agreement of surface water in the Lerma-
Chapala river basin from 2004 Lerma Model
developed in Stella Research to RiverWare.



* The Lerma - Chapala river basin is located in the central part of Mexico.

« area of 53,591.3 km?,
representing 2.73% of the |
national territory.

* Lerma River is about 705,

km length, with an annual’ |

runoff of 4908 Hm3. \
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* The basin is a region with relatively little rain, mostly (79%) was

concentrated in just four months and is

territory.
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* This basin covers territories of five states in the following proportions to the total basin area: Guanajuato
(43.8%); Michoacan (30.3%); Jalisco (13.4%); State of Mexico (9.8%) and Querétaro (2.8%).

e The agricultural sector is very important, the Lerma basin has eight irrigation districts : DR33, DR 45,DR 11,

DR 85,DR 13,DR 24, DR 61, DR 87.
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Lerma Chapala Basin is composed of 17 subbasins
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* The basin has considerable economic importance. It occupies only
2.9% of Mexico’s total landmass, but live more than 12 million
people, and its economic activities account for 11.5% of national GDP.
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Al 215 municipalities.
e 12 million people.
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Integrated Management of water resources

* By late 1988 low water levels prevailed in Chapala lake with increased

water pollution and low fish production. Guadalajara city was suffering
water scarcity

* On April 13, 1989 the federal government and the five state governments
in the river basin signed an historic agreement with four main objectives:

» Water distribution among users via a new water allocation policy — a
new water deal for the basin.

» Water quality improvement by treating municipal and industrial raw
effluents

» Increasing water-use efficiency
» Protecting and conserving the river basin system.



Water allocation

* On September 1, 1989 a Consultative Council was integrated to follow up
and evaluate goals and tasks

* Since 1991 a surface water distribution agreement has been in force. It
established clear mathematical rules for annual water distribution and
reservoir operation, in accordance with users.

* A specific date to allocate surface water was agreed: November 1st of
each year, a moment in time that roughly coincides with the end of the
rainy season.

* Between 2002 and 2004 a new surface water allocation agreement was
negotiated to allocate surface water between users and to protect the lake.
One of the tools used by the technical working group is the Lerma 2004
model developed in Stella Research



Lerma Chapala model

Estructura del Modelo

MODELO DINAMICO DE SIM
EL ANALISIS DE LA PROBLEMA| ~—~—~——————— ="

2l EULPY

[ introduccign | |__Estructura | [__Escenarios |

* Version 2004 model has as time unit the day and runs on agricultural
cycles, starting on 1 November of each year and ending on October 31 of
the following, and considers a horizon with a maximum of 52 years.



2004 Lerma Model
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The Lerma 2004 model can be represented as follows:
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2004 Lerma Chapala model

e Uses the Soil Conservation Service (SCS) curve number
(CN) method to determine runoff

e Uses the simulation model FLINN to determine crop water
requirement

* The operating rules of the 2004 agreement



General structure of the model in RiverWare
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17 Sub-basins

* Each sub-basin in Stella was represented at River
Ware through a data object.

« Each Data Object contains 62 slots between:
(3)series, (40) series with expression and (19)
scalar slot, corresponding to the variable type that
uses the 2004 model. The objective of these data
object is to determine the runoff

File Edit

- Object Mame:

Wi Slot Account
FPericos

Data Object

[ o | O pen Object - Pericos

8.PERICOS | W

Pericos

= =B = == k. oo BHE OT..

Slots Descripton

May 19, 2013 =

Slot Mames walue Units
Area 1,587.00 MNMOME
Longitud de Capt 37, 975.00 MNOME
Factor de ajuste 0.09 MNOME
Forosidad 0.497 MNOME
Fraccion et acuifero 0.00 MNOME
FPorcentaje de Retencion 0.25 MNOME
Retornos Toluca 0.00 MNOME
Conductividad Hidraulica 0.20 MNOME
Longitud Cause 101,266.00 MNOME
Espesor Estrato 8.00 MNOME
Precipitacion Generada 0.00 MNOME
Liuwvia efectiva 0.00  MNOME
E Hum Suelo Lam 0.00  MNOME
HumSueloLam 139.01 MNOME
Densidad aparents 1.0 MNOMNE
Prof Radicular 1,100.00 MOME
Humedad CC 22.00 MOME
&3] HumSueloP orcentoAb 41,03 MNOME
COirder: Custom for this Object - a0 \.I/ [ 1] Filter Slots |-

Evaluation Time:

Evaluaton Range:
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value: [O.3eFsEs1IFASISETSSTA rac]
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Flinn module

* 8 Data objects

e 38 rules, one for each Add AggSeries slot in data

objects

* We use the sub-basin manager to create 2 lists of P
objects: one for irrigation districts (8) and other

for crops (3).

rd Subbasin Manager
File Subbasin Object

User-Defined Automatic Object Membership

Subbasin Cnt Type
istritos de Riego 8
DDR 011

DDR 013

DDR 024

DDR 033

DDR 045

DDR 051

DDR 085

DDR 087

tivos 3
Trigo

Cul

e Each slot solves for these two lists in the same

step time

rd Rule Editor - "esc.rls : Modelo Flinn : Etapa Fenologica”
File Edit Rule View

E |Etapa Fenologica|

RPL Set Loaded

FOR ( OBJECT DDR IN bbasin { "Distritos de Riego™ ) J DO |
FOR { OBJECT Cultivo IN ListSubbasin ( "Cultives” ) ) DO

<] Policy Group Editor - “esc.rls : Modelo Flinn* - o
File Edit Group View
&l Bl |Modelo Flinn RPL SetLoaded| | £

Name

Priority

o
B

Type

[ Etepa Fendlogica

Rule

[Bl Area cult Total Trigo
Bl Area Cult Total Maiz
[Bl Area Cult Total Perenne
Bl Humedad aprov

Bl Humedadsuelo_Real
[B] Tension del Suelo

B Evapotransp potencial
Bl Exponents k1

B Exponents k2

Bl Exponents k3

Bl Exponents k4

[B Evapotrans Relativa
[B evapotransp Real

B cun

@ cur

B cum

B

[ s Retension Potencial Maxima
B 14 Abstraccioninicial
[B Frecipitacion en DR
B Uuvia en exceso

B uuvia Efectiva

B Esuelo

Bl HumsSucloLam(Trigo)

AR e N e e e e SRRy

Rule
Rule
Rule
Rule
Rule
Rule
Rule
Rule
Rule
Rule
Rule
Rule
Rule
Rule
Rule
Rule
Rule
Rule
Rule
Rule
Rule
Rule
Rule
Rule

~

show: [] Description

{ STRINGIFY DDR. } CONCAT ".Etapa Fenologica”™ | @"t", ]
STRINGIFY Cultivo
=1F | ( STRINGIFY DDR } CONCAT ".Dia" [ ] THEN
»>= ( STRINGIFY DDR. )} CONCAT ".Inicio de Siembra PV DR”™ [ @'t", ]
STRINGIFY Cultivo
AND { STRINGIFY DDR. } cONCAT .Dia™ [ ]
<= { STRINGIFY DDR. ) CONCAT ".Inicio de Siembra PV DR™ [ @"t", ]
STRINGIFY Cultivo
+ ( STRINGIFY DDR ) CONCAT "ND1DR" [ @t", ]
STRINGIFY Cultivo
1.00000000
ELSE
IF | { STRINGIFY DDR. ) COMCAT "Dia" [ ] THEN
= ( STRINGIFY DDR. ) CONCAT ".Inicio de Siembra PV DR™ [ @"t", ]
STRINGIFY Cultivo
+ { STRINGIFY DDR. ) CONCAT ".ND1DR" [ @"t", ]
STRINGIFY Cultivo
AND ( STRINGIFY DDR. )} CONCAT ".Dia" [ ]
<= ( STRINGIFY DDR. )} CONCAT ".Inicio de Siembra PV DR [ @t", ]
STRINGIFY Cultivo
+ { STRINGIFY DDR. ) CONCAT ".ND1DR" [ @"t",
STRINGIFY Cultivo
+ ( STRINGIFY DDR. ) CONCAT ".ND2 DR” [ @™

Show: |:| Execution Constraint |:| Description




Operating rules

* There are six checkpoints to
determine the authorized water
amount N the current year
according to the 2004 agreement.
Ed Rule Editor - "esc.ris : Puntos de Control : Su... — ©
Fuente Escurrimiento antecedente File EBdit  Rule  View
de abastecimiento considerado de las subcuencas B | Suma Punto de Control Solis == 23
TEpEtItlén TEpEtltlén Escurrimientos. PuntoContralSolis [ PrevicusDate [ @™t , 1L| ]
1 \ @ December 317 )
AIZEIE‘, l. RamirEEI' Tepeh“én y = Escurrimientos. Anuales [ PreviousDate {r @ttt , R
TEpUKtEpEC TEpUJ{tEpEE l S \ (@ December 31 }
SDI is AIZEtE, I Ramirez, Tepeti“éﬂ, + Escurrimientos. Anuales | PreviousDate | @'December o }
Tepuxtepec y Solis | "Ramirez"
+ Escurrimientos. Anuales | PreviousDate }
Ignacio Allende Begonia \ @"December 317
L "Tepetitlan™ 1
Melchor Ocampg Angulo + Escurrimientos. Anuales | PreviousDate } ,
@’December 31"

Chapala

Alzate, |. Ramirez, Tepetitlan,
Tepuxtepec, Solis, Begofia, Ameche,
Pericos, Yuriria, Salamanca, Corrales,
Adjuntas, Yurécuaro, Angulo, Duero,
Zula y Chapala.

| "Tepuxtepec”

+ Escurrimientos. Anuales [ PreviousDate

| "Salis™

h, @"December 31"

Showe:

|:| Execution Constraint |:| Description

Comments




Results

e Alzate.

g g K Open Object - V Alzate = B ] (N O F r
P4 VAizateStorage - © ¢ Plot - NOT SAVED = B
' Object Name: |V Alzate
Storage Reservoir Object ) ; , —
[4] | storage @+ =S Es P08 G [ ars1e7 B e IE
Slots Methods Accounts Accounting Methods Description
value: | 20651531.313541181 | m3
; = 25000000.00
April 6, 1997 E fay ==
P L scroll: || Apr 6, 1997 = =] 1~
Slot Mame Value Units ~ 20000000.00
; " 3 ~
Spill 0.00 m3/day m & 15000000.00
prs 04-03-1997 Thu 19,435,718.78 O 0 E '
Release 0.00 m3/day
e 27 395,59 ma/d 04-04-1997 Fri 13,840,508.95 O 0 10000000.00
o _ _ _ r2esse m ’fay i 0405-19975at  20,242,175.36 O 0
Unregulated Spill Capacity Fraction 1.00 dedmal 04-06-1997 Sun | 20,651,531.31 O 0 S000000.00
Unregulated Spill 0.00 m3jday (i3] 040771937 Man | 71,060,062.33 (4R  lo1a8e7 4011887 7011887 10011967
Total Inflows 427,325.52 m3/day 04-08-1997Tue  21,4964,678.64 O 0
Surface Area 6,690,450.74 m2 0409-1997Wed  21,861,610.69 O O —— V Alzate Storage
Storage 20,651,521.31 m3 04-10-1997 Thu 22,255,056.78 O 0
grroorg, goveans - W
m [ PEESEE — PN - 0.00 |'ﬂ3,lfda‘jl' MN&-11-1997F Fri 226850 1701 AN
B4 VAizateSpill - v ” inti _
p 0.00 m3 LR Show: [_| Description \ || S Subcuenca_Virt |
" Ed Plot - NOT SAVED = B il < Plot - NOT SAVED = B
Spi
i File Edit Graph Data Window 1
Value: |0 m . . . — = K . . —
Q + e=2hbibldE=d T &8 G [k aswr [ la ¥ 5 @+ =2hiEEE T LR G O w7 T alx 5
Scroll: || Apr &, 1997 Hi= L
14000000.00 40000.00 —
m3/day 3
12000000.00 35000.00 3
04-05-1997 Sat 0.00 00 B E
04-06-1997 Sun 0.00 00 }10000000.00 y 30000.00 E
04-07-1997 Mon 0.00 00 g SIS 2 25000.00 3
04-08-1997 Tue 00000 ‘2 6000000.00 20000.00 -
04-09-1997 Wed 00000 4000000.00 15000.00 _f
04-10-1957 Thu 0.0000 2000000.00 10000.00 3
04-11-1997 Fri 00000 E
0.00 500000 3
04-12-1997 Sat 382,372,783 0 0 T I T T T T T I T T T T I T I T T | T T I
N4-13-1997 Sun 4101 37335 AN 1-01-1997 4-01-1997 701-1997 10-01-1997 1-01-1997 4-01-1997 7-01-1997 10-01-1997
Show: [_| Description — WV Alzate Spill | —— \ Alzate.Evaporation
X, Y = (02-10-1997 14:10:07, 1.04762e406) ¥, ¥ = (06-10-1937 11:35:03, 39523.8)




Results
e Ramirez

- . N | - _ m]
(] Open Object - V Ramirez B4 V Ramirez.Storage =] ¢] Plot - NOT SAVED = &
i Object Name: |V Ramirez Storage _|_ =k & 18 & = /f & Q Q [:| ++ |oct3, 1997 B M e = IF
Storage Reservoir Object Value: | 23401700.003950894 | m3 ) A
2400000000 jectlist & >
Slots | Methods | Accounts  Accounting Methods | Description scroll: || Oct 31, 1997 =] |1 E } L & il
d = 2300000000 3 i W e ] ' = e T
= 3 -
October 31, 1957 [% B 1 = ~ 22000000.00 3 ll.ff ]'KJ‘ er / ! "
Slot Name Value Urits A 10-06-1997 Mon  23,401,700,00 O 0 o 21000000.00 {AUJ[ J! cuenca_Tepu
Diversion 0.00 m3day  iE 071597 Mue | 23,401,700.03 R AHIR RO 2 ‘ﬁ' ! ‘J J cuence it
Diversion Capaity 152,400,000.00 m3/day 10-08-1997 Wed  23,401,700.00 O 0 19000000.00 3 cuenca_Virt |
iy 10-09-1997 Th 23,401,700.03 O 0 E i
Return Flow 0.00 miday iy " T 18000000.00 cuenca_Virt !
- o 10-10-1997 Fri 23,401,700.00 O 0 3 cuenca Virt |
spil 428,316.47 m3fday 17000000.00 3 ==
i 10-11-1997Sat  23,401,700.04 O 0 . ; i — i ; . i ; i cuenca Virt |
Release 0.00 m3fday 10-12-1997 Sun 23,401,700.00 O 0 1-01-1997 4-01-1997 7-01-1997 10-01-1997 cuenca Virt |
Max Iterations 10-13-1997 Mon 23,401,700.03 O 0 ; -
o —— V Ramirez.Storage cuenca_Virt_!
Convergence Percentage AN-14-1997 Tie 29401 TN 11 0
Elevation Volume Table Show: [ ] Desaription cuenca _Virt_
Max Release ¥, ¥ = (04-22-1997 09:15: 11, 1.6751%92+07) cuenca_Virt_
W‘ Unregulated Spill 428,316.47 m3/day Piid h Ramirez_ Plot - NOT SAVED - O
Order: | Default *| @ & [Fiter siots |~ = || File Edit View TimeStepI/O  Adjust 25 o
S A b i - || 6% =
Evaporation & & = f \E‘ Q Q [ ol joct3s, 1997 3" 14 1¥ 1E
Derrames vit B
(T - value: | 16197.576006524435
amirez.Release = o
e —— K Plot - NOT SAVED scroll: || Oct 31, 1997 2 Vf‘f‘llﬁf‘luﬁ frﬁﬁ J_|Ja‘ -
Release - : R_' B N F : m3 ' i !
+ ehibbed T $R3 04 >l ¥ 09-29-1997 M 16,197.58 N { j
Value: |0 m3/day et on 134 !
09-30-1997 Tue 16,197.53
Scroll: || Oct 31, 1997 = EHLIAL 10-01-1997 Wed  16,197.58 r
e " LD 10-02-1997 Thu 16,197.58 - I - - I - = - I
: [day _ 5000000.00 10-03-1997 Fri 16,197.58 1-01-1997 401-1997 7-01-1997 10-01-1997
THTACRT 0-00 e = 4000000.00 10-04-1997 55t 16,197.58 V Ramirez Evaporation
18- = |
ﬁ 1’2 1:2: zat 222 2 :2 “g 2000000.00 10-05-1997 5un 16,197.58
e Hn ' T 10-06-1997 Mo 16,197.53
10-20-1997 Mon 0.00 R 50 : ot e 1:15, 16416.7)
10-21-1957 Tue 0.00 R 50 1000000.00 l l i i | o (W
10-22-1597 Wed 0.00 R 50 0.00 o . A v chapala
10-23-1997 Thu 0.00 R 50 ' r T L A v corrales
- 1-01-1997 4-01-1997 7-01-1997 10-01-1997 .
10-24-1997 Fri 1,080,237.19 R 50 4\ vDuero
10-75-1007 Sat non e &0 hd —— V Ramirez_Release A VPericos
Show: [ | Description A VRamirez
%, Y = (11-02-1997 24:00:00, 72+08) . IE vsdamanca v



Results
* Angulo

rd Plot - NOT SAVED

File Edit Graph Data

@+

Window

- o IEN|T “ VAngquReIease -0 R

File Edit View TimeStepIfO  Adjust
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sseeses Almacenamiento Reales Solis Riverware

-

COMPARACION ALMACENAMIENTO PRESA REALES SOLIS

Almacenamiento Reales Solis STELLA
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Results (Comparison of storage in both models)
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Results (Comparison of storage in both models)
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++sesse Almacenamiento Reales Lago Chapala RiverWare
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COMPARACION ALMACENAMIENTO PRESA REALES LAGO CHAPALA

Almacenamiento Reales Lago Chapala STELLA

9,000,000,000.0

Results (Comparison of storage in both models)
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