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Key Questions
 What	  role	  do	  acequias	  play	  in:

 Hydrologic	  buffering?

 Community	  resilience?
 Ecosystem	  health?

 How	  do	  climate	  change	  and	  urban	  popula*on
growth	  challenge	  these	  func*ons?

 What	  strategies	  are	  needed	  to	  assist	  in	  protec*ng
these	  func*ons?



Need
 Tools	  to	  integrate	  knowledge	  and	  data	  developed	  as
part	  of	  project

 Tools	  to	  evaluate	  alterna*ve	  treatments	  in	  face	  of
uncertainty.

 Tools	  that	  our	  stakeholders	  will	  trust	  to	  assist	  them
in	  long-‐term	  planning.



Approach: Collaborative Modeling
 Process	  of	  engaging

decision-‐makers	  and
stakeholders	  in:
 Model	  development,	  and

 Decision	  analysis.

 Purpose	  of	  broad	  input
includes:
 Expand	  knowledge	  base,

 Structure	  group
thinking/discussion,

 S*mulate	  group	  learning,	  and

 Ul*mately	  lead	  to	  improved
advocacy.

Indicated flow rate USA to
Mexico

Potential flow to
Mexico

Mexico
constraints

Discrepancy or flux in favor of
flow to USA

USA value or values
pertinent to the cross

border flow of this stock

USA Desired Stock
of desireable entity

Mexico value or values
pertinent to the cross

border flow of this stock

Mexico
Actual Stock
of desireable

entity

+

-
+

-

-

+

-

Indicated flow rate
Mexico to USA

-

Potental flow to USA

+

USA constraints

+ USA policy
pressure

-

+
-

Mexico policy
pressure

+

USA Actual
Stock of
desireable

entity

USA Stock
shortfall

+

+

USA
Production of

desireable
entity (model)

+

Mexico Desired
Stock of desireable

entity

Mexico Stock
shortfall

Mexico
Production of

desireable
entity (model)

+

+

-

+

+

-

-

MIT D-Memo D-2843
Suggested Solution to Modeling

Assignment #4 (D-2824)
Dynamics of Illegal Mexican

Migration
Homayoon E. Dabiri
December 23, 1977

Coverted from DYNAMO to
Powersim Studio 2003
L. Malczynski 2-2005

USA

MEXICO

BORDER

BHIM Business Hiring
Illegal Immigrants

IMPUS Illegal Migrant
Population in the US

PMPM Potential
Migrant Population in

Mexico

PRM Population of
Rural Mexico

BHRM Businesses
Hiring Rural Mexicans

BE Business
Expansion Rate

BRE Business
Reduction Rate

EMR Emigration
Rate

IMR Immigration
Rate

NAPMP New
Additions to the
Potential Migrant

Population

PDPMP Permanent
Departures from the

Potential Migrant
Pool

NEBRM Net
Expansion of

Business

NBR Net Birth Rate

GIRA Government
Investment in Rural

Mexico

INV Investment in
Rural Mexico

EIEB Effect of
Investment on
Expansion of

BusinessEWMBE  Effect of
Wages in Mexico on
Business Expansion

JRM Jobs for Rural
MexicansJPR Jobs to

Population Ratio

WPRM Working
Population of Rural

Mexico

WRM Wages in
Rural Mexico

EWRM Effect of
Wages in Mexico on

New Potential
Migrants

EMURUS Effect of
Illegal Migrant

Unemployment in
US on Desirability to

Migrate

EWIMR Effect of
Wage Differential
on Desirability to

Migrate

PDIM Perceived
Desirability of the

US

UR Unemployment
Rate

JMR Job to Migrant
Ratio

EMP Effect of
Migrant Presence

on Pressure for Law
Enforcement

PEL Pressure to
Enforce the Law

DIM Desirability of
US

IIM Invested
Income of Migrants

IMUS Income of
Migrants in US

WAGEI Wage Rate
for Illegal

Immigrants

EBHIM Effect of
Business Hiring

Illegals on
Presseure for Law

Enforcement

JIM Jobs for Illegal
Migrants

EIMP Employed
Illegal Migrant

Population

IBHIM

TDCIB Time to
Detect and Close
Illegal Business

ATDC Avergae Time
to Detect and Close
Illegal Businesses

ELEDT Effect of Law
Enforcement on
Detection Time

EWBE Effect of
Wages on Business

Expansion

NBE Normal
Business Expansion

NIWUS Normal
Illegal Wages in US

EJAIW Effect of Job
Availability on Illegal

Wages

JPB Jobs per
Business that Hires

IIMPUS

ADS Average
Duration of Stay for
Temporary Illegal

Migranys

IIMR

NFIMR

FAB Fraction of
Migrants Crossing

the Border

TPDIM Time to
Perceive the
Desirability of

Migration to the US
EBC Effectiveness of
Border Control on

Desirability to
Migrate

NPEL Normal
Pressure for Law

Enforcement

IPRM

NFBR Net Fractional
Birth Rate

NWR

WAGER Wage Ratio
Mexican Wages to
US Illegal Wages

PNC50 Law
Enforcement

Pressure to Catch
50 % at Border

IPMPM

ADSPMP Average
Duration of Stay in

the Potential
Migrant Pool

FA Fraction of Rural
Mexicans that Join
Potential Migrants

NFA Normal Fraction
of Rural Mexicans
that Join Potential

Migrants NWRM Normal
Wage in Rural

Mexico

EJARMW Effect of
Job Availability on
Mexican Wages

FPAW Fraction of
Population Able to

Work

JPBM Jobs per
Business in Mexico

IBHRM

NFEB
NINV

NGIRA Normal
Investment in Labor
Intensice Industry

FIGI Fractional
Increase in
Government
Investment

TFIGI

FII

WHPY Work Hours
per Year



System Dynamics
 We	  employ	  System

Dynamics,	  which
provides	  a	  formal
framework	  for	  managing
mul*ple	  interac*ng
subsystems,	  each	  of
which	  vary	  in	  *me

 With	  system	  dynamics
we	  are	  able	  to	  quan*fy
feed-‐back,	  *me	  delays,
and	  coupling	  between
subsystem	  components

Focus is on Dynamic Complexity rather than Detail Complexity!



System Dynamics: Integrative
Modeling

 Provides	  a	  framework
for	  integra*ng	  over
the	  broad	  range	  of
factors	  influencing
resource	  management
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Health

Energy

Legal

DroughtWater Quality

Endangered Species



System Dynamics: Interactive
Modeling

 Broadly
accessible
 PC	  based
 User	  friendly

interfaces
 Computa*ons	  in

seconds	  to
minutes

 Provides
interac*ve
environment	  for
scenario	  tes*ng



Integration Across Disciplines

WATERSHEDHydrology

Socio-
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Ecology

Climate
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Downstream Integration



Ecologic	  Dynamics
 How	  will	  climate	  impact:

 Vegeta*on	  type	  and
density,

 Wildfire	  frequency,
 Species	  diversity,

 How	  is	  ecology
influenced	  by:
 Grazing,
 Hun*ng,
 Fuels/wildlife

management,

 How	  do	  climate	  and
watershed	  management
influence:
 Stream	  flows,
 Groundwater	  recharge,



Hydrologic	  Dynamics
 How	  does	  water

availability	  influence:
 Irriga*on	  prac*ces,
 Upland	  grazing	  decisions,

 How	  do	  irriga*on
prac*ces	  influence	  the
ecology:
 Riparian	  habitat,
 Hydrograph	  modifica*on,
 Water	  quality

 What	  steps	  can	  be	  taken
to	  improve	  water
availability:
 Conserva*on,
 Coopera*ve

management,



Economic	  Dynamics
 What	  influences

landowner	  decisions:
 Drought,
 Neighbors,
 Crop	  value,

 How	  are	  landowners
influenced	  by
downstream
urbaniza*on:
 Land	  and	  water	  values,
 Job	  opportuni*es,
 Basic	  services,

 What	  are	  adap*ve
mechanisms
 Outside	  jobs,
 Coopera*on,
 Conserva*on,



Socio-‐Cultural	  Dynamics
 What	  holds	  people	  to

the	  land:
 Family,
 Sense	  of	  community,
 Tradi*onal	  prac*ces,

 What	  *es	  the
community	  together:
 Acequia	  ,
 Community	  par*cipa*on,
 Shared	  labor,

 How	  does	  urbaniza*on
threaten	  community:
 Loosing	  children	  off	  land,
 Changing	  demographics,
 Loss	  of	  water,



Model Development
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(See "Reservoirs" tab for actual model object)
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Caballo
Reservoir(See "Reservoirs" tab for actual model object)
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 (Right click on a variable and select "Go to Original" to see how it is defined.)   
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Calibration



Extending Results Downstream



Middle Rio Grande
Data availability:

• Dominant historical data set is
from USGS stream flow gages:

“River reach”: gage location based
spatial unit of mass balance.

17 river reaches
• 12 Rio Grande
• 4 Rio Chama
• 1 Jemez River

In addition to river
reaches, there are 7
spatial mass balance
units representing
major reservoirs
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Middle Rio Grande

Strategy:
• Use spatially explicit groundwater

models to calibrate spatially aggregated
versions in Powersim (system dynamics
software).

• Three spatially explicit models of
interest:
 Espanola Basin (Frenzel 1995)
 Albuquerque Basin (McAda et al 2002)
 Socorro Basin (Shafike 2005)

Goal:
• A rapid and physically based, dynamic

representation of sw-gw interactions in
Rio Grande river system coupled
directly to dynamic surface water
model.
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