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Introduction	  

	   Over	  the	  next	  fifty	  years	  the	  population	  of	  Texas	  is	  expected	  to	  nearly	  double	  (TWDB).	  	  

This	   increase	   is	  coupled	  with	  a	  rise	   in	  municipal	  water	  demand	  of	  3.5	  million	  acre-‐ft	  per	  

year	  (TPWD).	  	  The	  state	  of	  Texas	  must	  act	  promptly	  to	  explore	  options	  of	  increasing	  water	  

supplies	  to	  meet	  growing	  current	  and	  future	  demands.	  	  	  

	   Sixteen	   regional	   water-‐planning	   groups	   in	   conjunction	   with	   the	   Texas	   Water	  

Development	  Board	  are	  taking	  steps	  to	  meet	  these	  mounting	  water	  needs.	  	  Their	  plans	  for	  

action	  were	  published	  in	  the	  2012	  State	  Water	  Plan,	  which	  outlines	  means	  of	  increasing	  the	  

water	  supply	  over	  the	  next	  fifty	  years	  to	  meet	  projected	  demand.	  	  	  	  

	   Key	  management	   strategies	   evaluated	   in	   the	   plan	   include:	   additional	   surface	  water	  

reservoirs,	   groundwater,	   conjunctive	   use,	   bush	   control,	   aquifer	   storage	   and	   recovery,	  

desalination,	  and	  conservation.	  	  Although	  the	  State	  Water	  Plan	  successfully	  outlines	  how	  to	  

meet	  projected	  demand	  and	  gives	  estimated	  costs	  of	  completing	  all	  projects,	  the	  Plan	  is	  not	  

paired	  with	  adequate	   funding	   to	  achieve	   its	  objective.	   	  Because	  of	   this,	   it	   is	   economically	  

sensible	  to	  begin	  projects	  in	  the	  plan	  that	  have	  the	  largest	  impact	  on	  supply	  at	  the	  lowest	  

cost.	   	   In	   general,	   the	   lowest	   capital	   cost	   strategy	   to	   increase	  water	   supply	   is	   to	  decrease	  

demand	  through	  conservation	  efforts.	  

	   Conservation	   is	   often	   considered	   the	   “lowest	   hanging	   fruit”	   of	   water	   management	  

strategies	   (Brennan).	   	   In	   addition	   to	   its	   low	   relative	   cost,	   conservation	   programs	   are	  

available	  to	  be	  implemented	  now	  and	  at	  scales	  to	  produce	  measurable	  increases	  in	  water	  

supply.	   	   Several	   examples	   of	   conservation	   measures	   focus	   on	   appliance	   efficiencies,	  

irrigation	  control,	  as	  well	  as	  finding	  and	  repairing	  leaks	  in	  water	  infrastructure.	  	  	  	  	  

	   The	  potential	  of	  reducing	  municipal	  water	  demand	  and	  increasing	  quantity	  of	  water	  



supply	   varies	  with	   location	   based	   on	   several	   factors,	   including:	   population,	   demand,	   and	  

available	   funding.	   	   Creating	   specific	   conservation	   programs	   for	   planning	   regions	   can	  

optimize	   efficiency	   of	   management	   strategies.	   	   With	   individualized	   regional	   programs,	  

Texas	  will	  be	  able	  to	  begin	  making	  strides	  to	  address	  the	  critical	  water	  issues	  of	  the	  state.	  

	  

Objective	  

	   The	  objective	  of	  this	  project	  is	  to	  use	  ArcGIS	  10.1	  to	  determine	  which	  of	  the	  16	  Texas	  

water-‐planning	   regions	   (Figure	   1)	   have	   the	   maximum	   potential	   to	   conserve	   significant	  

quantities	  of	  water	  by	  implementing	  municipal	  water	  conservation	  strategies.	  	  	  

	  

Figure	  1:	  Regional	  Water	  Planning	  Groups,	  as	  prepared	  by	  the	  Texas	  Water	  Development	  Board	  

PECOS

WEB B

BREWS TER

HUDSP ETH

PRES IDIO

RE EV ES

CULBE RS ON

VAL VE RDE

DUVA L

TERRELL

CROCKE TT

KENE DY

FRIO

HA RRIS

HILL

BELL

BEE

CLAY

POLK

EDWARDS

JEFF DAV IS

KERR

GAINES

LE ON

UV ALDE

HA LE

DA LLAM

IRION

DIM MIT

LA MB

KING

BEX AR

KINNE Y

STARR

HA LL

WISEJACK

UP TON

HIDALGO

SUTTON

CA SS

OLDHAM

ELLIS

MEDINA

K IM BLE

ZAVA LA

KENT

RUSK

LE E

LY NN

GRA Y

COK E

LA  S ALLE

MILAM

ERATH

HA RT LE Y

HUNT

BRAZORIA

SMITH

KNOX

FLOY D

LLANO

ANDRE WS

TYLER

TRA VIS

LIBE RTY

JONES

NUECE S

RE AGA N

BOWIE

WARD

ZAPA TA

LA MA R

RE AL

NOLA N

TERRY GARZA

MILLS

COLE MAN

ECTOR

TOM GREE N

MAS ON

YOUNG

FALLS

CA ME RO N

MATA GORDA

HA YS

BROWN

COO KE

JA
S

P
ER

DE AF SM ITH

BURNE T

MAV ERICK

HOUS TON

LA VACA

FIS HER

COLLIN

MOORE

FANNIN

MOTLEY

MARTIN

LIVE  OAK

DA LLAS

E L P ASO

BAILEY

BOSQ UE

HA RDIN

KLEBE RG

JIM HOGG

TAYLOR

COTT LE

POTTE R

DONLEY

GOLIA D

SAN SA BA

ATAS COSA

DE NT ON

CORY ELL
CRANE

CONCHO

BAY LO R

DE  WITT

BROOKS

PARK ER

RUNNELS

NA VA RRO

ARCHE R

CA RS ON

CA STRO

WOOD

SCURRY

CROS BY

FAYE TTE

McM ULLEN

WHARTON

BORDEN

CA LHOUN

SHELBY

MENA RD

GILLES PIE

PARM ER

WILS ON

DICKE NS

SCHLE ICHER

GRIM ES

FOARD

PANOLA

HA SK ELL

BRISCOE

RA NDA LL

DA WSON

MIDLA ND

HOW ARD

McLENNAN

GONZALES

GRA YS ON
RE D RIVE R

SWISHE R

ROB ERTS

HOCK LE Y

ANDE RSON

TARRANT

WALKE R

LUBB OCK

VICTORIA

BAS TROP
JEFFE RSON

SHERMA N

WHEELER

MITCHE LL

YOAK UM

STERLING
WINK LE R

TRINITY

HE MP HILL

WILB ARGER

COM ANCHE

W
ALLER

KARNES

LIPS COMB

JACKS ON

WILLIAM SON

RE FUGIO

WILLACY

LOV ING

AUSTIN

EAS TLA ND

HOP KINS

McCULLOCH

BLANCO

HA RRISO N

STEP HENS

ANGELINA

CA LLAHA N

COLORADO

HA NS FORD

KAUFM AN

BANDERA

PALO PINTO

MONTAG UE

HA MILTON

OCHILTREE

COM AL

LIM ESTO NE

SAB INE

COCHRAN

FORT  B END

CHAM BE RS

VAN ZANDT

WICHITA

JOHNSON

STONEW ALL

HE NDE RS ON

TITUS

FRE ES TONE

MONTGOM ERY

HOO D

KENDALL

BRAZOS

GALVE STON

UP SHUR

HUTCHINS ON

LA MP ASA S

BURLE SON

HA RDE MA N

GUA DALUP E

CHILDRESS

ARMSTRONG

GLA SSCOCK NACO GDOCHES

MARION

CA LDWE LL

MADISO N

ORA NGE

DE LTA

RA INS

GREGG

CA MP

M
O

R
R

IS

F
R

A
N

K
L IN

ROCK-
WALL

COLLING S-
WORTH

THROCK-
MORTON

SOME R-
VELL

SAN

AU
G

US
TIN

E

SAN
JACINTO

JIM
WELLS

SHACKE L-
FORD

CHEROKEE

N
E

W
T

O
N

ROB ERTSO N

WAS HING-
TON

ARANSA S
SAN

PATRICIO

Region F

Brazos G

Panhandle

Far West 
Texas

Region C

East Texas

Region H

Llano Estacado

Plateau

Rio Grande

South Central 
Texas

Region B

Coastal 
Bend

Lower Colorado

North East 
Texas

Lavaca

P

D

K

N

B

M

L

J

O

H

I

C

E

A

G

F
PECOS

WEB B

BREWS TER

HUDSP ETH

PRES IDIO

RE EV ES

CULBE RS ON

VAL VE RDE

DUVA L

TERRELL

CROCKE TT

KENE DY

FRIO

HA RRIS

HILL

BELL

BEE

CLAY

POLK

EDWARDS

JEFF DAV IS

KERR

GAINES

LE ON

UV ALDE

HA LE

DA LLAM

IRION

DIM MIT

LA MB

KING

BEX AR

KINNE Y

STARR

HA LL

WISEJACK

UP TON

HIDALGO

SUTTON

CA SS

OLDHAM

ELLIS

MEDINA

K IM BLE

ZAVA LA

KENT

RUSK

LE E

LY NN

GRA Y

COK E

LA  S ALLE

MILAM

ERATH

HA RT LE Y

HUNT

BRAZORIA

SMITH

KNOX

FLOY D

LLANO

ANDRE WS

TYLER

TRA VIS

LIBE RTY

JONES

NUECE S

RE AGA N

BOWIE

WARD

ZAPA TA

LA MA R

RE AL

NOLA N

TERRY GARZA

MILLS

COLE MAN

ECTOR

TOM GREE N

MAS ON

YOUNG

FALLS

CA ME RO N

MATA GORDA

HA YS

BROWN

COO KE

JA
S

P
ER

DE AF SM ITH

BURNE T

MAV ERICK

HOUS TON

LA VACA

FIS HER

COLLIN

MOORE

FANNIN

MOTLEY

MARTIN

LIVE  OAK

DA LLAS

E L P ASO

BAILEY

BOSQ UE

HA RDIN

KLEBE RG

JIM HOGG

TAYLOR

COTT LE

POTTE R

DONLEY

GOLIA D

SAN SA BA

ATAS COSA

DE NT ON

CORY ELL
CRANE

CONCHO

BAY LO R

DE  WITT

BROOKS

PARK ER

RUNNELS

NA VA RRO

ARCHE R

CA RS ON

CA STRO

WOOD

SCURRY

CROS BY

FAYE TTE

McM ULLEN

WHARTON

BORDEN

CA LHOUN

SHELBY

MENA RD

GILLES PIE

PARM ER

WILS ON

DICKE NS

SCHLE ICHER

GRIM ES

FOARD

PANOLA

HA SK ELL

BRISCOE

RA NDA LL

DA WSON

MIDLA ND

HOW ARD

McLENNAN

GONZALES

GRA YS ON
RE D RIVE R

SWISHE R

ROB ERTS

HOCK LE Y

ANDE RSON

TARRANT

WALKE R

LUBB OCK

VICTORIA

BAS TROP
JEFFE RSON

SHERMA N

WHEELER

MITCHE LL

YOAK UM

STERLING
WINK LE R

TRINITY

HE MP HILL

WILB ARGER

COM ANCHE

W
ALLER

KARNES

LIPS COMB

JACKS ON

WILLIAM SON

RE FUGIO

WILLACY

LOV ING

AUSTIN

EAS TLA ND

HOP KINS

McCULLOCH

BLANCO

HA RRISO N

STEP HENS

ANGELINA

CA LLAHA N

COLORADO

HA NS FORD

KAUFM AN

BANDERA

PALO PINTO

MONTAG UE

HA MILTON

OCHILTREE

COM AL

LIM ESTO NE

SAB INE

COCHRAN

FORT  B END

CHAM BE RS

VAN ZANDT

WICHITA

JOHNSON

STONEW ALL

HE NDE RS ON

TITUS

FRE ES TONE

MONTGOM ERY

HOO D

KENDALL

BRAZOS

GALVE STON

UP SHUR

HUTCHINS ON

LA MP ASA S

BURLE SON

HA RDE MA N

GUA DALUP E

CHILDRESS

ARMSTRONG

GLA SSCOCK NACO GDOCHES

MARION

CA LDWE LL

MADISO N

ORA NGE

DE LTA

RA INS

GREGG

CA MP

M
O

R
R

IS

F
R

A
N

K
L IN

ROCK-
WALL

COLLING S-
WORTH

THROCK-
MORTON

SOME R-
VELL

SAN

AU
G

US
TIN

E

SAN
JACINTO

JIM
WELLS

SHACKE L-
FORD

CHEROKEE

N
E

W
T

O
N

ROB ERTSO N

WAS HING-
TON

ARANSA S
SAN

PATRICIO

Region F

Brazos G

Panhandle

Far West 
Texas

Region C

East Texas

Region H

Llano Estacado

Plateau

Rio Grande

South Central 
Texas

Region B

Coastal 
Bend

Lower Colorado

North East 
Texas

Lavaca

P

D

K

N

B

M

L

J

O

H

I

C

E

A

G

F

Regional Water Planning Areas

REGIONAL WATER PLANNERS
Lann Bookout (512) 936 - 9439: Regions G, I & P
Angela Kennedy (512) 463 - 1437: Regions C, N, & O
Temple McKinnon (512) 475 - 2057: Regions D & H
David Meesey (512) 936 - 0852: Region K
Matt Nelson (512) 936 - 3550: Region L
Doug Shaw (512) 463 - 1711: Regions A, B, & F
Connie Townsend (512) 463 - 8290: Regions E, J & M Updated by Erik O'Brian

Mapping Coordinator
11/07/2011

"
0 50 100 150 200

Miles



Data	  

	   In	  order	  to	  determine	  which	  water	  planning	  regions	  have	  this	  potential,	  data	  from	  the	  

2012	   State	   Water	   Plan	   was	   collected	   and	   analyzed.	   The	   Texas	   State	   Water	   Plan	   is	   a	  

document	   produced	   every	   five	   years	   by	   the	   Texas	   Water	   Development	   Board	   and	   16	  

regional	  water-‐planning	   groups	   to	   evaluate	   fifty-‐year	   projections	   of	  water	   needs	   for	   the	  

state	  under	  conditions	  of	  the	  drought	  of	  record.	  

	   Specific	   data	   collected	   includes	   2060	   population	   projections,	   2060	   water	   need	  

projections,	   proposed	   conservation	   quantities	   and	   new	   surface	   water	   reservoirs,	   and	  

capital	  costs	  per	  water	  planning	  region.	  

	   All	   of	   this	   data	   is	   readily	   available	   online	   through	   the	   Texas	   Water	   Development	  

Board	  website.	  

	  

Methodology	  

	   In	  order	   to	  determine	  which	  regions	  meet	  criteria	   to	  have	  maximum	  conservation	  

potential,	  a	  straightforward	  raster	  analysis	  was	  done	  using	  the	  following	  steps:	  

	  

1. Data	  was	  imported	  as	  a	  spreadsheet	  into	  ArcGIS	  10.1.	  	  	  

2. Layers	  were	  created	   for	  each	  of	   the	   following	  regional	  variables:	  2060	  population,	  

2060	  water	  need,	  number	  of	  proposed	  new	  reservoirs,	   percent	  of	   conservation	   in	  

water	  plan,	  and	  cost	  of	  water	  plan.	  

3. Each	  layer	  was	  converted	  to	  raster	  using	  the	  Spatial	  Analyst	  Feature	  to	  Raster	  tool	  

4. A	  binary	  raster	  was	  calculated	  using	  Spatial	  Analyst	  Raster	  Calculator.	  	  Regions	  that	  

met	  the	  following	  criteria	  were	  selected	  as	  1.	  

Criteria:	  	  2060	  Population	  >	  100,000;	  2060	  Need	  >	  100,000	  acre-‐ft	  per	  year;	  	  

Cost	  >	  $1,000	  million;	  Percent	  Conservation	  <	  15;	  New	  Reservoirs	  >	  1	  



Results	  

	   The	  results	  of	  this	  study	  are	  illustrated	  in	  Figures	  2	  –	  7.	   	  Figure	  2	  is	  the	  first	  of	  the	  

layers	   created	   for	   analysis	   of	   the	   conservation	   potential.	   	   In	   addition	   to	   its	   value	   in	   the	  

calculation	   potential,	   the	   distribution	   of	   the	   2060	   population	   projection	   is	   important	   for	  

understanding	  potential	  migrations	  or	  areas	  of	  growth	  in	  the	  state.	  	  Figure	  2	  shows	  regions	  

C	   and	   H,	   which	   include	   the	   Dallas	   Ft-‐Worth	   and	   Houston	   metropolises,	   as	   the	   largest	  

population	  centers.	  	  East	  and	  West	  Texas	  similarly	  have	  the	  lowest	  population	  distributions	  

projected	  for	  2060.	  	  	  	  

	   Figure	  3	  maps	  out	  the	  2060	  projected	  water	  needs	  of	  the	  Planning	  Regions.	  	  Regions	  

C	   and	   H	   again	   top	   the	   planning	   regions	   with	   the	   largest	   projections	   of	   water	   need,	  

1,588,236	  and	  1,236,335	  acre-‐ft	  per	  year,	  respectively.	  	  However,	  there	  is	  also	  considerable	  

need	  projected	  for	  the	  Texas	  panhandle.	  	  	  

	   Figures	   4	   and	   5	   show	   the	   distribution	   of	   management	   strategies	   listed	   in	   each	  

Regional	   Water	   Plan.	   	   Figure	   4	   shows	   which	   regions	   meet	   their	   projected	   water	   needs	  

through	   proposed	   new	   surface	   reservoirs.	   	   Four	   regions	   have	   proposed	  more	   than	   four	  

additional	   surface	   reservoirs.	   	   Compared	   to	   this,	   Figure	   5	   shows	   the	   percentage	   of	  

conservation	  strategies	   in	  each	  regional	  plan.	   	  Regions	   in	   the	  panhandle,	  west,	   and	  along	  

the	   Texas-‐Mexico	   border	   have	   the	   largest	   percentage	   of	   their	   plans	   met	   through	  

conservation	  measures.	  	  	  

Figure	   6	   displays	   the	   projected	   capital	   cost	   of	   each	   regional	   water	   plan.	   	   The	  

projected	  costs	  very	  from	  less	  than	  $50	  million	  to	  greater	  than	  $20	  billion	  with	  an	  average	  

cost	  of	  $3	  billion.	  	  Regions	  C,	  H,	  and	  L	  have	  the	  most	  costly	  plans.	  	  	  



	   Figure	   7	   is	   the	   consequential	   map	   of	   evaluating	   the	   planning	   regions	   with	   the	  

conservation	  potential	  criteria	  described	  above.	  	  It	  indicates	  that	  four	  regions	  (C,	  G,	  H,	  &	  L)	  

meet	  the	  criteria	  for	  2060	  projected	  population	  and	  water	  need,	  proposed	  new	  reservoirs,	  

regional	  plan	  conservation,	  and	  capital	  cost	  of	  regional	  management	  strategies.	  	  

	  

Discussion	  

	   The	   State	   Water	   Plan	   indicates	   that	   in	   the	   coming	   years	   municipal	   demand	   will	  

increase	  and	   irrigational	  demand,	  which	   is	  currently	  greater,	  will	  decrease.	   	  This	   trend	   is	  

visible	  in	  the	  projected	  trends	  in	  population,	  water	  need,	  and	  planning	  costs.	   	  As	  Figure	  2	  

and	   3	   show,	   the	   largest	   increases	   in	   population	   and	  water	   need	   are	   anticipated	   to	   be	   in	  

regions	  with	  large	  metropolitan	  areas.	  	  Associated	  with	  this	  growth,	  are	  the	  most	  expensive	  

regional	  water	  plans	  in	  the	  state.	  	  	  	  

	   	  So	  what	   is	   the	   importance	   of	   Regions	   C,	   G,	  H,	   and	   L	   that	  we	   can	   gain	   from	   these	  

figures?	   	  Each	  of	   these	   regions	   requires	   large	   increases	   in	  water	   supply	   for	   future	  needs	  

and	  they	  have	  an	  opportunity	  to	  significantly	  impact	  these	  supply	  needs	  with	  conservation.	  	  

Because	  of	  large	  populations	  and	  high	  municipal	  water	  demands,	  application	  of	  municipal	  

water	  programs	  can	  save	  these	  regions	  up	  to	  a	  million	  acre-‐ft	  of	  water	  yearly.	  	  And	  with	  the	  

low	  relative	  cost	  of	  implementing	  conservation	  technologies	  and	  education	  programs,	  this	  

notable	  water	   saving	   strategy	  will	   lessen	   the	   dependence	   of	   these	   regions	   on	   expensive	  

supply	  strategies	  like	  desalination	  or	  new	  surface	  reservoirs.	   	  While	  conservation	  savings	  

cannot	  account	   for	  all	  projected	  water	  demands,	   it	  can	  be	  a	   low	  cost,	  easily	   implemented	  

means	   of	   preparing	   for	   the	   future.	   	   By	   tailoring	   specific	   conservation	   programs	   to	   these	  

high	  potential	  regions,	  regions	  can	  maximize	  the	  efficiency	  of	  water	  planning	  efforts.	  	  



	  

Figure	  2:	  Maps	  out	  the	  2060	  Projected	  Population	  Changes	  in	  Texas.	  	  Population	  increases	  are	  
highest	  in	  major	  metropolitan	  areas	  and	  along	  the	  Texas-‐Mexico	  boarder.	  



	  

Figure	   3:	  Maps	   out	   State	   of	   Texas	   2060	   Projected	  Water	   Need.	   	  Water	   need	   is	   a	   function	   of	  
projected	  demands	  and	  available	  supply.	  	  Regions	  C,	  H,	  and	  O	  have	  the	  largest	  projected	  water	  
needs.	  	  The	  majority	  of	  water	  need	  in	  regions	  C	  and	  H	  is	  anticipated	  for	  municipal	  demand.	  



	  

	  

Figure	   4:	   Shows	   the	   number	   of	   new	   reservoirs	   proposed	   by	   each	   Regional	   Water	   Plan.	  	  
Construction	  of	  surface	  water	  reservoirs	  is	  a	  very	  expensive	  and	  at	  times	  inefficient	  means	  of	  
supplementing	  water	  supply.	  



	  

Figure	  5:	  	  Shows	  the	  percent	  of	  conservation	  used	  as	  a	  management	  strategy	  in	  Regional	  Water	  
Plans.	  



	  

Figure	  6:	  Shows	  the	  distribution	  of	  costs	  of	  each	  Regional	  Water	  Plan.	   	  The	  highest	  cost	  plans	  
coincide	  with	  regions	  with	  high	  population	  and	  demand	  projections.	  
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Plans.	  

	  



	  

Conclusions	  &	  Future	  Work	  

	   The	  use	  of	  ArcGIS	  10	   to	   analyze	   information	   in	   the	  Texas	   State	  Water	  Plan	  was	   a	  

valuable	   tool	   for	   both	   evaluating	   and	   visualizing	   conservation	   potential	   of	   the	   Water	  

Planning	  Regions.	   	  Based	  on	   the	   findings	   that	  Regions	  C,	  G,	  H,	   and	  L	  meet	   the	  maximum	  

conservation	   criteria,	   further	  work	   can	   focus	   on	   developing	   conservation	   plans	   that	   can	  

serve	  this	  potential.	  Due	  to	  the	  limited	  funding	  currently	  allocated	  for	  expanding	  regional	  

water	   supplies,	   designs	   should	   couple	   economic	   and	   water	   savings	   efficiency,	   such	   that	  

programs	   implemented	   are	   able	   to	   obtain	   the	  maximum	  water	   savings	   per	   dollar	   spent.	  	  

Texas	  will	  greatly	  benefit	  from	  utilizing	  conservation	  strategies	  to	  meet	  future	  water	  needs.	  

Figure	  7:	  Calculated	  Water	  Planning	  Regions	  with	  Maximum	  Water	  Conservation	  Potential.	  	  Regions	  
with	  the	  highest	  potential	  to	  conserve	  maximum	  amounts	  of	  water	  include	  regions	  C,	  G,	  H,	  and	  L.	  
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