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Fo r ward

The Texas A&M University System and Area 41 co-hosted 
with Texas A&M University-San Antonio the Resource 

Nexus: Water Forum. Centering on the WEF Nexus Initiative 
of Texas A&M University, the two-day event held November 
17-18, 2015, in San Antonio, Texas, focused on expanding 
the scope of the Water, Energy, Food (WEF) Nexus dialogue. 
Topics included identifying and responding to local, state, 
national and global challenges and opportunities relative to 
water resources in research, education, outreach and policy 
implementation. Other topics included holistic solutions to 
water security in Texas, and engaging stakeholders at home 
and worldwide in dialogues that will lead to resolution and 
prevention of conflict over WEF Nexus-related resources. WEF 
Nexus Initiative partners include the Texas A&M University, 
Texas A&M University System, Area 41, Dwight Look College 
of Engineering, College of Agriculture and Life Sciences, Col-
lege of Geosciences, George Bush School of Government and 
Public Service, Texas A&M Engineering Experiment Station, 
and Texas A&M AgriLife Research

“Water, energy 
and food drive 
our San Antonio 
economy and are 
key education and 
research areas of 
the university”

-  Dr. Cynthia Matson
President Texas A&M 
University San Antonio
Water Forum Tech Roadmap
November 18, 2015

Pho to  by  Royce  Ba i r 
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The two-day event focused on expanding 
t h e  s c o p e  o f  t h e  Wa t e r ,  E n e r g y,  F o o d 
( W E F )  N e x u s  d i a l o g u e .  Wa t e r - r e l a t e d 
cha l l enges  i n  Texas  a r e  s im i l a r  t o  t hose 
seen  g loba l ly,  such  as  c l imate  var iab i l i ty 
that impacts multiple ecological zones,  the 
complexi ty  of  water  governance,  mul t ip le 
s i l o e d  u t i l i t i e s ,  w a t e r  r i g h t s  d i s p u t e s , 
ene rgy  exp lo r a t i on ,  va r i ed  r equ i r emen t s 
fo r  r epo r t i ng  wa te r  u se ,  and  h i s t o r i c  u se 
o f  w a t e r  r e s o u r c e s  i n  a g r i c u l t u r e  a n d 
soc i e ty.

Topics of the forum included identifying 
and responding to local,  state,  national and 
global challenges and opportunities relative 
to  water  resources  in  research,  educat ion, 
o u t r e a c h  a n d  p o l i c y  i m p l e m e n t a t i o n . 
O the r  t op i c s  i nc luded  ho l i s t i c  so lu t i ons 
t o  wa te r  s ecu r i t y  i n  Texas ,  and  engag ing 
s t akeho lde r s  a t  home  and  wor ldwide  i n 
d ia logues  tha t  wi l l  l ead  to  reso lu t ion  and 
p r even t i on  o f  con f l i c t  ove r  WEF Nexus -
r e l a t ed  r e sou rce s . 

The  fo rum was  t ime ly  because  Texas 
and  t he  wor ld  a t  l a rge  f ace  a  40  pe r cen t 
gap  be tween  the  capac i ty  to  supply  water 
and  demand.  Competi t ion for  water  usage 
b e t w e e n  f o o d  p r o d u c t i o n ,  e n e r g y  a n d 
d o m e s t i c  n e e d s  p r o v i d e s  a  c o m p e l l i n g 
n e x u s  g l o b a l l y.  A s t r i k i n g  e x a m p l e  i s 
f o u n d  i n  S a n  A n t o n i o ,  Te x a s ,  w h e r e  a 
t h r e e - w a y  d e m a n d  o n  w a t e r  r e s o u r c e s 
f o r  a g r i c u l t u r e ,  h y d r a u l i c  f r a c t u r i n g  i n 
ene rgy  p roduc t ion ,  and  genera l  domes t i c 
u se  pu l l s  a t  a  supp ly  l im i t ed  by  na tu r a l 
ava i l ab i l i t y  and  need  fo r  env i ronmen ta l 
f l ows  i n  t he  r eg ion ’s  s t r e ams .

The  forum drew f rom a  broad  range  of 
s t akeho lde r s ,  r ep re sen t ing  a l l  a spec t s  o f 
t he  nexus  commun i ty.  I t  a l so  d r ew  f rom 
a  c o m p r e h e n s i v e  s p e c t r u m  o f  TA M U S 
ta lent  current ly  working on aspects  of  the 
WEF Nexus .  TAMUS a l r eady  s e rves  a s  a 
t e s t b e d  f o r  g l o b a l  e f f o r t s  t o  b r i d g e  t h e 
gap  be tween  wate r  ava i lab i l i ty  and  wate r 
demand ,  d r awing  on  r e sou rce s  ava i l ab l e 
a t  t h e  B o r l a u g  I n s t i t u t e ,  t h e  E n e r g y 
Inst i tute ,  AgriLife  Extension,  Texas A&M 
Univers i ty  (TAMU)Engineer ing,  the  Bush 
School of  Government and Public Service, 
a  d i s t i n g u i s h e d  b o d y  o f  TA M U  a l u m n i 
work ing  i n  a l l  t h e  r e l evan t  s ec to r s ,  and 
pa r tne r sh ips  w i th  gove rnmen t ,  bus ines s , 
and  i ndus t ry.

The Water Forum Technology Roadmap 
charret te  brought  together  invi ted thought 
leaders on nexus to define the most crit ical 
p r o b l e m s  f a c i n g  n e x u s  a n d  t e c h n o l o g y 
from the perspect ive of  human,  educat ion, 
pol icy  and  lega l  d imens ions .  Par t ic ipants 
h e l d  a  c o m m o n  i n t e r e s t  i n  a c c e l e r a t i n g 
a n  u n d e r s t a n d i n g  o f  n e x u s  a n d  r e l a t e d 
t e c h n o l o g i e s .  T h e  N a t i o n a l  S c i e n c e 
F o u n d a t i o n - s u p p o r t e d  Te x a s  r e s e a r c h 
c o o r d i n a t i o n  n e t w o r k ,  R C N - C E 3 S A R 
se rved  a s  an  i ndependen t  f a c i l i t a t o r. 

There was consensus among participants 
o n  c o n s e q u e n c e s  o f  f a i l u r e  t o  e d u c a t e 
decision makers and the public about nexus, 
c h a n g e s  n e e d e d  i n  e d u c a t i o n  s y s t e m s , 
ba r r i e r s  t o  a c t i on ,  and  bene f i t s  i f  a c t i on 
i s  taken .  There  was  genera l  agreement  on 
w h a t  i s  m o s t  i m p o r t a n t  t o  f i x  f i r s t  a n d 
wha t  needs  t o  be  done  t o  f i x  i t . 

T he Texas  A&M Uni vers i ty  Syste m (TAM U S)  a nd  Are a  41  co-hoste d 
with Texas A&M Univers ity-San Antonio the Resource Nexus:  Water 

Forum,  he ld  N ovember  17- 18 ,  2015 ,  in  Sa n  Anton io,  Texa s .
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T h e  Te x a s  A & M  W E F  N e x u s  I n i t i a t i v e  h a s  t h e 
fo l lowing  goa ls :

•  Fac i l i tate  sc i en c e-b a s ed  p o l i c y.
•  Raise awareness among academia, society, government, 

and industry for hol ist ic  approaches to address nexus-
re lated  cha l len ges .

•  I d e n t i f y  a n d  r e s p o n d  t o  n a t i o n a l  a n d  g l o b a l 
opportun i t ies  i n  res ea rc h ,  ed u cat i on ,  ou t rea c h ,  a n d 
po l i cy  implementat i on .

•  A s s i s t  w i t h  t h e  m a n a g e m e n t  o f  p r i m a r y  n e x u s -
re l ate d  re s o u rc e s  by  h e l p i n g  to  p rov i d e  a  p l at fo r m 
for  quant i f i cat ion  and assessment  of  t radeoffs  as  we 
learn  to  susta i n a b l y  a l l ocate  t h os e  res ou rc es . 



W a t e r  F o r u m  T e c h  R o a d m a p

Recommendat ions

7

T he key take-away message from the San Antonio meeting is  c lear: 
a  g loba l  ef for t  w i l l  be  requ i red  to  successfu l l y  br idge  the  gap 

b e t w e e n  wa te r  ava i l a b i l i t y  a n d  wa te r  d e m a n d .   T h i s  e f fo r t  m u st 
i n c l u d e  wo r k  i n  p o l i c y,  te c h n o l o g y,  co n s u m e r  s c i e n c e ,  e d u cat i o n 
and  capac i ty  bu i l d ing .  Add i t iona l l y,  e f for t s  must  focus  on  bu i ld ing 
a  g loba l  network  o f  cooperat ion  toward  estab l i sh ing  a  p lat form to 
share knowledge and data that  wi l l  identi fy  and help researchers  and 
res ource  managers  respond  to  WEF  Nexus - re lated  state ,  nat iona l , 
and  g loba l  cha l lenges  and  opportun i t i es .

St r a t eg i c  a c t i ons  r e commended  f rom 
the  Wa te r  Fo rum’s  Techno logy  Roadmap  
cha r r e t t e  f o l l ow,  w i th  spec i f i c  examp le s 
and  ac t i ons  con t a ined  i n  t he  fu l l  r epo r t : 

E d u c a t i o n  a n d  o u t r e a c h  i s  n e e d e d  t o 
d e v e l o p  u n d e r s t a n d i n g  a n d  s u p p o r t  b y 
t h e  p u b l i c  f o r  w o r k  o n  t h e  n e x u s . 

B a s i c  p r i n c i p l e s  o f  t h e  n e x u s ,  a s  w e l l 
as  s igni f icance  for  fu ture  economic  and 
e n v i r o n m e n t a l  s u s t a i n a b i l i t y,  n e e d  t o 
b e  t a u g h t  t o  s t u d e n t s  t h r o u g h  f o r m a l 
a n d  i n f o r m a l  e d u c a t i o n  m e a n s  s t a r t i n g 
a s  e a r l y  a s  p o s s i b l e  a n d  c o n t i n u i n g 
t h r o u g h  h i g h e r  e d u c a t i o n . 

Technical and higher education must adapt 
the i r  mode l s  fo r  cu r r i cu la  deve lopment 
a n d  r e s e a r c h  m o r e  q u i c k l y  a n d  p l a c e 
h igher  va lue  on solu t ion-based research 
and public-private-university partnerships 
t o  add re s s  nexus  sub j ec t  a r ea s ,  r e l a t ed 
t echnolog ies ,  and  workforce  needs  tha t 
a c c o m p a n y  t e c h n o l o g y  a d v a n c e m e n t . 
P a r t i c i p a n t s  f e l t  t h a t  w i t h o u t  s u c h 
c h a n g e ,  u n i v e r s i t i e s  w i l l  b e c o m e  e v e n 
l e s s  e f f ec t i ve  a t  mee t ing  t he  educa t ion 
n e e d s  o f  t h e  r e a l - l i f e  w o r k f o r c e  a n d 

b e c o m e  e v e n  f a r t h e r  r e m o v e d  f r o m 
t h e  v e r y  t e c h n o l o g i e s  u n i v e r s i t i e s  a r e 
h e l p i n g  c r e a t e .

Because water,  energy and food program 
r e s p o n s i b i l i t y  i s  s p r e a d  a c r o s s  m a n y 
different work groups, agencies, colleges, 
d e p a r t m e n t s ,  a n d  o t h e r  i n s t i t u t i o n a l 
d i v i s i o n s  i n  g o v e r n m e n t ,  i n d u s t r y  a n d 
u n i v e r s i t i e s ,  w o r k  m u s t  b e  i n i t i a t e d  t o 
foster communication among responsible 
p a r t i e s  a n d  c o o r d i n a t e  a c t i o n  i n  s p i t e 
o f  f r a g m e n t e d  r e s p o n s i b i l i t y. 

Because  par t ic ipants  be l ieve  the  Sta te’s 
cur ren t  l ega l  and  regu la tory  f ramework 
f a i l s  t o  f u l l y  r e f l e c t  b a s i c  s c i e n c e 
u n d e r l y i n g  t h e  l i f e c y c l e  o f  w a t e r  a n d 
u s e  b y  h u m a n s ,  t h e y  r e c o m m e n d e d 
e d u c a t i o n  a n d  o u t r e a c h  t o  c r e a t e 
g r e a t e r  l e v e l s  o f  a w a r e n e s s  a b o u t  t h e 
n e x u s ,  a n d  f o r  w a t e r  i n  p a r t i c u l a r ,  t o 
h e l p  p a v e  t h e  w a y  f o r  s c i e n c e - b a s e d 
p o l i c y  c h a n g e .

U n i v e r s i t i e s  a n d  p r i v a t e  r e s e a r c h 
o r g a n i z a t i o n s  s h o u l d  p l a y  a  r o l e  a s 
independent brokers for demonstration of 
nexus-related technologies  to  accelerate 
c o m m e r c i a l i z a t i o n  a n d  a p p l i c a t i o n .



R e s o u r c e  N e x u s :  W a t e r ,  E n e r g y ,  F o o d

Nexus -  Introduction  

T he Texas  A&M WEF Nexus In i t iat ive  focuses 
on the urgent need for science-based pol icy 

making  and heightened awareness  among aca-
deme,  soc iety,  government  and industry  about 
h o l i s t i c  a p p ro a c h e s  to  a d d re s s i n g  t h e  g ra n d 
chal lenges  of  Nexus-re lated resource  manage-
ment  and a l locat ion.  This  inc ludes  ident i fy ing 
a n d  re s p o n d i n g  to  l o ca l ,  s tate ,  n at i o n a l  a n d 
global challenges and opportunities in research, 
education, outreach and policy implementation.  
Th is  forum is  expected  to  he lp  expand scope 
o f  t h e  N ex u s  d i a l o g u e  a n d  p ro m o t e  h o l i s t i c 
so lut ions  to  water  secur i ty  in  Texas ,  engaging 
stakeholders at home and worldwide in ongoing 
act iv i t ies  and future  p lans .

“The WEF Nexus 
Initiative focuses 
on urgent needs 
for science, 
governments and 
society.”

-  Dr. Rabi H. Mohtar

TEES Endowed Professor
Department of Biological and 
Agricultural Engineering
Zachry Department of Civil 
Engineering
WEF Nexus Research Group 
[wefnexus.tamu.edu]
WEF Nexus Initiative 
[wefnexusinitiative.tamu.edu]
Texas A&M University, College 
Station5
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Sess ion  1 :  The  Water  Cha l lenge

T h e  Wa t e r  C h a l l e n g e  s e s s i o n  r a i s e d 
r e l e v a n t  q u e s t i o n s  a b o u t  p r e p a r e d n e s s 
t o  mee t  t he  impend ing  demand  fo r  wa te r. 
Th i s  i nc luded  ques t i on ing  t he  ab i l i t y  o f 
munic ipa l i t i e s  and  u t i l i t i e s  to  mee t  wa te r 
demand .  P r e sen t e r s  spoke  abou t  g iv ing  a 
vo i ce  t o  t he  d i s en f r anch i s ed  and  t e l l i ng 
their story, and about efforts and successful 
implementation of sustainable development 
goals. They explained how to address issues 
wi th in  economica l ly  d is t ressed  a reas ,  and 
w h a t  c o n s t i t u t e s  t e c h n o l o g i c a l  s u c c e s s , 
i n c l u d i n g  d e s c r i b i n g  w h e n  t e c h n o l o g y 
he lp s  o r  h inde r s  succe s s .

Water tops the World Economic Forum’s 
l i s t  o f  g loba l  r i sk s  t ha t  c r ea t e  i nc r ea sed 
p robab i l i t y  o f  con f l i c t .   Fo r  examp le ,  a s 
groundwater  i s  dep le ted ,  choke  poin ts  a re 
reached .  Globa l ly,  in f ras t ruc tu re  i s  ag ing 
and  subjec t  to  increas ing  a t tacks  f rom na-
tu re  and  humans .  Trad i t iona l  va lues  need 
t o  be  r e - eva lua t ed  a long  w i th  t r ue  cos t s . 
Sus t a inab le  accoun t ing  based  on  r e l i ab l e 
and  acce s s ib l e  da t a  mus t  become  pa r t  o f 
the  formula .  S takeholders  need  to  become 
pa r t  o f  t he  conve r sa t i on ,  because  pub l i c 
i gno rance  i s  a  l uxu ry  t oo  cos t l y  t o  be  a l -
l owed  t o  con t i nue .  We  need  t o  cha l l enge 
c o n v e n t i o n a l  a s s u m p t i o n s  a b o u t  w a t e r , 
nature,  energy,  supply and ‘r ights’ to  each.

A t  t he  s ame  t ime  t ha t  we  a r e  add re s s -
i n g  a n d  s e e k i n g  t o  c h a n g e  p e r c e p t i o n s , 
we  a l so  need  to  c lose  the  loop  tha t  b r ings 
new  t echno log i e s  t o  bea r.  We  mus t  beg in 
t h e  r e t h i n k i n g  o f  w a t e r  f o r  p o w e r  a n d 
wa t e r  t o  d r i nk .  The re  a r e  sy s t emic  r i sk s 
i n  wa t e r  u se  t ha t  r equ i r e  more  i n t eg ra t -
ed  app roaches  t o  wa t e r  managemen t  and 

a l l o c a t i o n .  Te c h n o l o g y  d e v e l o p e r s  a n d 
w a t e r  p r o d u c e r s  n e e d  t o  t h i n k  i n  t e r m s 
o f  r e s i l i ence ,  s av ings ,  and  conse rva t i on . 
They  need  to  re ly  upon  new technolog ies , 
such  as  mic ro-sensors  to  address  ex i s t ing 
p rob l ems ,  such  a s  l e aks ,  c r acks ,  e t c . ,  i n 
ag ing  i n f r a s t ruc tu r e .

L e a d e r s h i p  n e e d s  t o  t a k e  a c t i o n s  t o 
amend  t r ad i t i ona l  pe r cep t i ons  abou t  wa -
t e r  and  t o  adap t  t o ,  a s  we l l  a s  encou rage 
deve lopmen t  o f ,  new  t echno log i e s .   Th i s 
requires f inancing for water  infrastructure, 
s an i t a t i on  fo r  pub l i c  hea l t h  and  we l f a r e , 
educa t ion ,  and  equ i ty  in  access .   We mus t 
r ede f ine  the  va lua t ion  o f  wa te r,  and  in  so 
d o i n g ,  r e t h i n k  p o l i c i e s  t h a t  i m p a c t  t h e 
way in  which  we ac t  and communicate  our 
a c t i o n s .  S i l o e d  a p p r o a c h e s  a r e  p r o v i n g 
i ne ff ec t i ve .   Cons ide r i ng  t r an sbounda ry 
impacts,  we no longer can afford the luxury 
o f  f a i l i ng  t o  i n t eg ra t e  p ro j ec t s  o r  coop -
e ra te  in  the i r  deve lopment  and  opera t ion . 
T h e  r o l e  o f  g o v e r n m e n t  i n  t h i s  p r o c e s s 
i s  c h a n g i n g .  H u g e  n u m b e r s  o f  p r o j e c t s 
have  fa i l ed  due  to  l ack  o f  in teg ra t ion  and 
su s t a inab i l i t y  o f  f i nanc ing  and  suppo r t .

Se t t i ng  app rop r i a t e ,  a ch i evab l e  goa l s 
a n d  w o r k i n g  t o g e t h e r  e f f e c t i v e l y  t o 
a ch i eve  t hem i s  i nc r ea s ing ly  impor t an t . 
The  sus t a inab i l i t y  o f  e f fo r t s  i s  neces sa ry 
f o r  w o r k  i n  d e v e l o p i n g  a n d  d e v e l o p e d 
c o u n t r i e s .  Wa t e r  m a n a g e m e n t  a n d  s a n i -
t a t i o n  g o a l s  n e e d  t o  b e  i n t e g r a t e d ,  a n d 
ene rg i zed  t h rough  con t inued  suppor t  and 
f i nanc ing ,  t o  en su re  acce s s  and  su s t a in -
ab i l i t y.  App l i c a t i on  ac ro s s  b road  na tu r a l 
and  economic  l andscapes  i s  i nc r ea s ing ly 
impor t an t .

Moderator :  Car l  Ganter
Panelists: Karin Krchnak, Edward Drusina, Kathleen Jackson, Robert Peuente
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Session 2: Multi-Stakeholder Landscape

T h e  M u l t i  S t a k e h o l d e r  L a n d s c a p e  o f 
t h e  Wa t e r  C h a l l e n g e  s e s s i o n  a d d r e s s e d 
ques t i ons  o f  t he  su s t a inab i l i t y  o f  f u tu r e 
water  p rograms and  the  read iness  of  lead-
e r sh ip  to  addres s  the  cha l l enges  by  us ing 
an  inc lus ive ,  mul t i - s takeholder  approach . 
Acknowledging the degree of  interconnec-
t iv i ty  and  the  need  fo r  sus t a inab le  ac t ion 
and outcomes, the panel addressed the WEF 
Nexus .  They  spoke  o f  a  s ense  o f  u rgency 
f o r  i m p l e m e n t i n g  a n  i n t e g r a t e d  s y s t e m s 
app roach  t o  p rob l ems ,  and  i nves t i ga t i ng 
strategies,  such as using soi l  sustainabil i ty 
to  improve  ove ra l l  sus t a inab i l i t y  o f  WEF 
Nexus  r e sou rce s .

P a n e l i s t s  a d d r e s s e d  t h e  q u e s t i o n  o f 
h o w  t h e  g o v e r n m e n t  a n d  a c a d e m i a  c a n 
e f f e c t i v e l y  e n g a g e  t h e  p r i v a t e  s e c t o r  t o 
improve  the  sus ta inab i l i ty  o f  WEF Nexus 
r e sou rce s .  They  acknowledged  a  need  t o 
p roper ly  iden t i fy  bo th  the  cha l l enges  and 
po ten t i a l  so lu t ions ,  and  inc lude  po ten t i a l 
con t r i bu t i ons  o f  t he  p r i va t e  s ec to r.   A l -
t hough  pane l i s t s  f e l t  t h e  ba s i c  i dea s  w i l l 
generally come from academia,  there needs 
t o  b e  a  s h a r e d  l a n g u a g e  t h a t  i n c r e a s e s 
communicat ion,  unders tandable  within ac-
ademic  c i rc les ,  but  a lso  unders tood by the 
pr iva te  sec tor.  Government ,  in  addi t ion  to 
formulat ing pol icy,  must  provide f inancial 
s u p p o r t  a n d  g u i d a n c e  t o  a c h i e v e  p o l i c y 
ob jec t ives .  Academia ,  t he  p r iva t e  s ec to r, 
a n d  g o v e r n m e n t  m u s t  w o r k  e f f e c t i v e l y 
t oge the r,  bo th  ve r t i c a l l y  and  ho r i zon t a l -
l y,  t o  a l l o w  i d e a s  t o  f l o w  t h r o u g h  o p e n 
d ia logue .  Such  a  pa r tne rsh ip  wi l l  p rov ide 
g r ea t e r  c l a r i t y  i n  de f i n ing  p rob l ems  and 
imp lemen t ing  pos s ib l e  so lu t i ons . 

A common forum or  pla t form is  needed 
to  b r ing  academia ,  the  p r iva te  sec to r,  and 
gove rnmen t  t oge the r  t o  de f i ne  common , 
a t t rac t ive ,  meaningful  and workable  goals 
and  sha red  ob jec t ives .  Add i t i ona l ly,  da t a 
and measurements are important. A common 
set  of  indices  must  be  developed to  ensure 
deve lopmen t ,  sha r ing  and  d i s t r i bu t ion  o f 
e f f ec t i ve  t e chno log i e s  and  da t a  r e l evan t 
t o  w a t e r  q u a l i t y  a n d  c a r b o n  f o o t p r i n t s . 
Problems must  be  wel l  def ined and should 
be  addressed  by  knowledgeab le  managers 
work ing  t oge the r  w i th  a cademia  and  t he 
p r i v a t e  s e c t o r  t o  d e f i n e  p a r a m e t e r s  a n d 
needs  accu ra t e ly. 

W h i l e  m u l t i - s t a k e h o l d e r  e n g a g e m e n t 
r equ i r e s  a  g r ea t  dea l  o f  deve lopmen t  and 
main tenance ,  the  e ffor t  i s  wor thwhi le  and 
c r i t i c a l  t o  p rog re s s  i n  a  number  o f  WEF 
Nexus  areas .  Such  engagement  maximizes 
potent ia l  benef i ts  by ensuring meaningful , 
i n c l u s i v e  i n v o l v e m e n t  b y  s t a k e h o l d e r s . 
I t  h e l p s  b u i l d  a n d  c e m e n t  r e l a t i o n s h i p s 
t h r o u g h o u t  t h e  v a l u e  c h a i n ,  e n g a g i n g 
(no t  me re ly  i n fo rming )  s t akeho lde r s  and 
m a k i n g  t h e m  p a r t n e r s  i n  t h e  p l a n n i n g 
a n d  g o a l - s e t t i n g  p r o c e s s e s .   B r o a d  h o r -
i zon t a l  and  ve r t i c a l  engagemen t  en su re s 
i den t i f i c a t i on  o f  a  r ange  o f  pe r spec t i ve s 
a n d  c l a r i f i c a t i o n  o f  p r i o r i t i e s ,  a s  w e l l 
a s  i den t i f i c a t i on  o f  ava i l ab l e  r e sou rce s .  
E n g a g e m e n t  a l s o  h e l p s  a l i g n  o b j e c t i v e s 
a n d  a c t i o n s  w i t h  s u s t a i n a b i l i t y  g o a l s , 
such  a s  p romo t ing  r enewab le  ene rgy  fo r 
c l e a n  w a t e r  p r o d u c t i o n  a n d  s t i m u l a t i n g 
syne rg i e s  i n  wa t e r  t r e a tmen t  and  r euse . 

A t  t h e  s a m e  t i m e ,  b r i d g e s  m u s t  b e 
b u i l t  b e t w e e n  t h e  a c a d e m i c  c o m m u n i t y 

Moderator :  R i chard  Law ford
Panel Members:  Rattan Lal ,  Monty Alger,  Peter Saundry,  Francisco Bernaola
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and  indus t ry.  Such  pa r tne r sh ips  wi l l  he lp 
i d e n t i f y  a n d  w o r k  o n  t h e  i n t e r e s t s  o f 
s takeholders and promote interdiscipl inary 
work  g roups .  A mechan i sm to  p romote  an 
i n t e r d i s c i p l i n a r y  w o r k i n g  e n v i r o n m e n t 
i s  t h e  c r e a t i o n  o f  “ l e a r n i n g  s p a c e s ”  o r 
“ p l a y g r o u n d s ”  f o r  u n i v e r s i t i e s ,  i n d u s -
t r y,  a n d  o t h e r  s t a k e h o l d e r s .   F i n a n c i a l 
con t r ibu t ions  and  o the r  oppor tun i t i e s  fo r 
suppo r t ,  r e cogn i t i on  and  r eward  fo r  t ime 
and  commi tmen t  w i l l  f u r t he r  s t r eng then 
b r i dg ing  pa r t ne r sh ip s .

Panelists  also addressed funding.  In the 
sho r t  t e rm ,  f und ing  i s  needed  t o  deve lop 
low-cos t  t echno log ies  fo r  WEF Nexus  re -
source management.  An example is  sensors 
that  would have the capaci ty to  col lect  and 
assimilate large quantit ies of ‘big’ data and 
improve our  unders tanding of  complicated 
WEF Nexus  sy s t ems .  Some  fund ing  may 
come  f rom na t i ona l  agenc i e s  such  a s  t he 
an t i c i pa t ed  Na t i ona l  Sc i ence  Founda t i on 
Innova t i ons  a t  t he  Nexus  o f  Food ,  Ene r-

gy,  and  Wa te r  Sys t ems  p rog ram.  Bu t  t he 
s t akeho lde r s  c an  a s s i s t  w i th  f und ing  and 
“ in -k ind”  r e source  con t r ibu t ions  th rough 
coord ina ted  ac t iv i t i e s ,  pub l i ca t ions ,  p ro -
g r ams  and  o the r  o rgan i za t i on  ac t i v i t i e s , 
such  as  a  Communi ty  o f  P rac t i ce  ne twork 
to  he lp  s t imula te  the  emergence  of  a  WEF 
Nexus  commun i ty.

I t  was  no t ed  t ha t  t he  new  Texas  A&M 
Unive r s i t y  I n s t i t u t e  f o r  Wa te r  Resou rce s 
Sc i ence  and  Techno logy  i n  San  An ton io 
poses  an  ou ts tand ing  oppor tun i ty  fo r  aca-
demia  to  con t r ibu te  to  so lv ing  rea l -wor ld 
p r o b l e m s  b y  e s t a b l i s h i n g  s t r o n g e r  l i n k s 
t o  i n d u s t r y  t h r o u g h  a p p l i e d  r e s e a r c h 
and  educa t i on  t ha t  add re s se s  l oca l  WEF 
Nexus - r e l a t ed  i ndus t ry  needs .  Or i en t i ng 
r e s e a r c h  i n s t i t u t e s  t o  a d d r e s s  t o d a y ’s 
p rac t i ca l  needs  cou ld  he lp  b r ing  the  WEF 
Nexus  commun i ty  t oge the r  t o  so lve  cu r-
r e n t  g l o b a l  i s s u e s ,  i n c l u d i n g  i m p r o v i n g 
access  to  and  use  o f  r e l evan t  and  re l i ab le 
i n fo rma t ion . 



P lenar y  sess i ons  were  fo l lowed  by  four  breakout  sess ion s ,  w i th 
par t i c ipants  ab le  to  choose  which  breakout  sess ion  to  atten d .  

Each  breakout  Sess ion  would  a l low par t i c ipants  to  engage  i n  a n  i n -
tens ive  p lanning sess ion (charrette)  in  which var ious  “stakeholders” 
( inc lud i ng  par t i c ipants  f rom academia ,  i ndust r y,  governm e nt ,  a n d 
c iv i l  soc i ety )  wou ld  co l laborate  i n  c reat ing  a  v i s i on  for  ac t i o n . 

Four breakout  s e s s ions  were  conduc ted : 

•  Ro l e  o f  Wa te r  Techno log i e s :  wa t e r- ene rgy -cos t  t r adeo ff s
•  Capac i t y  Bu i ld ing
•  Nexus  Pub l i c  Op in ion  Su rvey
•  Wa te r  Law/Po l i cy

Each  breakout  group  d i s cus sed  the  fo l l owing  ques t i ons :
•  Wha t  a r e  t he  p rob l ems  t ha t  need  t o  be  add re s sed?
•  Wha t  add i t i ona l  knowledge  do  we  have  and  need  t o  add re s s 

t he se  p rob l ems?
•  Wha t  k ind  o f  pub l i c -p r i va t e  pa r t ne r sh ip s  a r e  nece s sa ry /

pos s ib l e  t o  add re s s  t he se  p rob l ems?
•  Wha t  a c t i ons  can  he lp  bu i l d  pub l i c -p r i va t e  pa r t ne r sh ip s?
•  Way  fo rwa rd

R e s o u r c e  N e x u s :  W a t e r ,  E n e r g y ,  F o o d
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Summary -  Water Technologies

Water-Energy -Cos t  Tradeo f f s
D e s a l i n a t i o n  i s  c o n s i d e r e d  s t i l l  t o o 

e x p e n s i v e  t o  b e  a  u s e f u l  t e c h n o l o g y  i n 
ag r i cu l t u r e .  I t  a l so  l a cks  su ff i c i en t  buy -
i n  f r o m  f a r m e r s  a n d  r a n c h e r s  i n  Te x a s . 
Nanotechnology could  help  wi th  f i l t ra t ion 
o f  t a rg e t e d  c o n t a m i n a n t s ,  b u t  t h e r e  a r e 
barriers to customized treatment,  including 
l eve l s  o f  qua l i t y,  co s t  o f  ene rgy,  hyd ra t e 
fo rmat ion ,  and  d i sposa l .   Add i t iona l  con-
ce rn s  we re  r a i s ed  r ega rd ing  t he  impac t s 
o f  de sa l i na t i on  on  wa t e r  e f f i c i ency,  so i l 
m o i s t u r e ,  r e u s e  i n  i r r i g a t i o n ,  a n d  w a t e r 
consumpt ion .

The  sugges t i on  was  made  t o  cons ide r 
a  D e s i g n - B u i l d - F i n a n c e - O p e r a t e - M a i n -
t a in -Trans f e r  Pub l i c -P r iva t e  Pa r t ne r sh ip 
( D B F O M T- P P P )  m o d e l  t o  a d d r e s s  w a t e r 
consumpt ion  behav io r.   The re  i s  no  r ea l 
way  t o  measu re  and  mon i to r  wa t e r  ma r-
kets ,  ye t  there  are  examples  of  aggregated 
r e sou rce s  managemen t  i n  o the r  a r ea s  o f 
t he  WEF Nexus .  Fo r  examp le ,  t he  E l ec -
t r ic  Re l iab i l i ty  Counci l  o f  Texas  manages 

t he  f l ow  o f  e l e c t r i c  power  t o  24  mi l l i on 
Texas  cus tomer s ,  o r  abou t  90  pe r cen t  o f 
t he  s t a t e ’s  e l e c t r i c  l oad .   E s t ab l i sh ing  a 
DBFOMT-PPP within the water sector could 
h e l p  o p t i m i z e  c o n s u m p t i o n ,  a s s i s t  w i t h 
f inancing,  ident i fy  appropriate  technology 
so lu t ions ,  and  then  sugges t  r e levan t  po l i -
cy  changes .   Though  add i t iona l  f inanc ing 
w o u l d  s t i l l  b e  n e e d e d ,  i n v o l v e m e n t  o f 
p r iva te  sec to r  inves to r s  and  the  po ten t i a l 
for  an  eff ic ient ly  d is t r ibuted water  sys tem 
ho ld s  g r ea t  p romi se . 

I t  was  sugges t ed  tha t  t he  way  fo rward 
m i g h t  i n c l u d e  a  f o r m a l  P P P ( P 3 )  t e a m 
t o  d e v e l o p  a n  a c t i o n  p l a n  f o c u s i n g  o n 
c o n s u m p t i o n ,  r e u s e ,  a n d  s e c o n d a r y  u s e 
o f  w a t e r.  S u c h  a  t e a m  w o u l d  ‘ o w n ’ t h e 
ac t i v i t y :  i den t i f y ing  r eg iona l  p r i o r i t i e s , 
d e v e l o p i n g  a  Te x a s  c o m m u n i t y  o f  p r a c -
t i c e ,  a n d  w o r k i n g  i n  p a r t n e r s h i p  w i t h 
univers i t ies .  This  would include involving 
gradua te  s tuden ts  who would  se rve  a  dua l 
r o l e  a s  t r a i nee s  and  fu tu r e  s t akeho lde r s 
a s  c i t i z ens  and  worke r s  i n  t he  i ndus t r i a l , 
p r i va t e ,  and  c iv i l  soc i e ty  s ec to r s .
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Summary -  Capacity Bui lding

T h e  d i s c u s s a n t s  a c k n o w l e d g e d  t h a t 
w e l l - i n t e n d e d  p o l i c i e s  a n d  r e g u l a t i o n s 
can  have  f a r  r e ach ing  and  some t imes  un -
i n t e n d e d  c o n s e q u e n c e s .   M u c h  d e p e n d s 
upon  educa t i on  o f  t he  pub l i c  and  t he  de -
ve lopment  o f  t rus t .   S t r eaml in ing  r egu la -
t i ons  and  po l i c i e s  a r e  c l e a r  i n i t i a l  s t ep s 
t oward  capac i t y  bu i l d ing ,  pa r t i cu l a r l y  a t 
t he  l oca l  gove rnmen t  l eve l .  A t  t he  s ame 
t ime ,  c rea t ion  o f  new marke t s  fo rces  new 
investment .  Economic development groups 
c a n  p r o v i d e  i n f o r m a t i o n  t o  e n h a n c e  t h e 
way  in  which  inves tments  a re  ob jec t ive ly 
e v a l u a t e d .  T h e  P 3  m e c h a n i s m  c o u l d  b e 
e f f e c t i v e ,  b o t h  a s  a  ‘ s c o r e  k e e p e r ’ a n d 
a s  a  b r o k e r a g e  m e c h a n i s m  f o r  p o t e n t i a l 
i n v e s t o r s  a n d  c o n s u m e r s .   A n  e x a m p l e 
migh t  i nc lude  t ax  b r eaks  fo r  a  w ind  f a rm 
company  i n  exchange  fo r  an  a r s en i c  f i l -
t r a t i on  sy s t em fo r  a r s en i c s .

The ‘right’ people need to be brought to 
the  tab le ,  inc lud ing  those  who unders tand 

or  represent  mul t ip le  s takeholders .  Return 
on inves tment  needs  to  be  considered,  and 
i n c e n t i v e s  s h o u l d  a l i g n  w i t h  o p p o r t u n i -
t i e s .   Neve r the l e s s ,  a ccoun t ab i l i t y  mus t 
be  expec t ed  fo r  bo th  ac t i on  and  l a ck  o f 
ac t ion .  Pub l i c–Pr iva te  ( communi ty )  pa r t -
n e r s h i p s  m u s t  c o n s i d e r  e n t r e p r e n e u r i a l 
and  p ro f i t ab l e  ven tu re s ,  hea l t hca re ,  edu -
ca t ion ,  and  bus iness .   I t  i s  a l so  necessa ry 
t o  l ook  a t  t ypes  o f  t e chno log i e s ,  such  a s 
m o b i l e  v e r s e s  s t a t i o n a r y  i n f r a s t r u c t u r e , 
d i s t r i b u t e d  v e r s e s  f o c u s e d  w a t e r ,  a n d 
s an i t a t i on  sy s t ems . 

A key  cha l l enge  i s  unde r s t and ing  t he 
connec t i v i t y  among  sy s t ems  ( t he i r  i n t e r-
ac t ions ,  i n t e rdependenc ie s ,  and  r e l a t i on -
ships),  developing the baselines ( inventory 
o f  r e sources  and  as se t s ) ,  and  fo rmula t ing 
p lans  of  ac t ion  tha t  cons ider  wants  verses 
needs ,  t im ing ,  and  cos t s  ( bo th  f i nanc i a l 
and  po l i t i c a l ) .
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S ession part ic ipants  sought  to  look comprehensively  at  r i sk .  Us ing 
the  example  o f  c l imate  change ,  they  saw the  i s sue  embedded  i n 

a  l a rger  system of  r i sks  hav i ng  geophys i ca l ,  economic ,  human,  a n d 
hea l th  fac tors  in  p lay.   They  a l so  noted  that  how d iv i s i ve  concepts 
such  as  c l imate  change  are  f ramed i s  c ruc ia l ,  because  d i v i s i ve  te r-
mino logy  can  i mpede  progress  on  pro jects .   Hence ,  d i scuss ion  fo -
cused  on  the  importance  o f  recogn i z ing  t rade-of fs  w i th in  the  WE F 
Nexus  system and  ar t i cu lat ing  how nexus  resources  a re  re lated  to 
each  other.

What  are  the  prob lems  that  need 
to  be  addressed ,  and  how are  po l i cy 
makers  in formed  and  in f luenced? 

I t  i s  necessary  to  crea te  a l te rnat ive 
fu tu re  scenar ios  tha t  por t r ay  poss ib le 
outcomes.  For  example ,  a  ‘mil lennium 
ecosystem model’ could offer a menu of 
different future outcomes as a means of 
inf luencing pol icy.  I t  is  a lso important 
t o  r e c o g n i z e  t h a t  u n i v e r s i t y  r e w a r d 
s t r uc tu r e s  a r e  no t  i n  a l i gnmen t  w i th 
a  l o c a l i z e d  f o c u s ,  s u c h  a s  e n g a g i n g 
l oca l  s t akeho lde r s .

What addit ional  knowledge do we 
have ,  or  i s  needed  to  addres s  the se 
prob lems?

I t  i s  n e c e s s a r y  t o  i d e n t i f y  t h e 
e l i t e s  and  t he  op in ion  l e ade r s  i n  t he 
commun i ty  and  t hen  t o  know how to 
engage  t he se  l e ade r s .

W h a t  k i n d s  o f  p u b l i c / p r i v a t e 
par tnersh ips  are  pos s ib l e?

It is essential to involve stakeholders 
at all levels: industry, local governments, 
academic inst i tut ions,  private and civil 
sec tors .   A loca l ized  focus  may  be  the 
m o s t  m e a n i n g f u l ,  b u t  t h e  u n i v e r s i t y 
r e w a r d  s t r u c t u r e  i s  p r o b a b l y  n o t 
a l i g n e d  w i t h  l o c a l  p e r s p e c t i v e s  f o r 
engagemen t .

W h a t  a c t i o n s  c a n  h e l p  b u i l d 
pub l i c -pr iva te  par tnersh ips?

Crea t e  common  g round .  I nvo lve  a 
c h a m p i o n / p o l i c y  e n t r e p r e n e u r  w i t h 
t he  ab i l i t y  t o  s ee  a  common  p rob l em 
and  ge t  peop l e  t o  come  t o  t he  t ab l e .

Spec i f i c  d i s cus s ion  ques t i ons  were  posed  to  th i s  group  and  addres sed . 
Here  are  the  ques t i ons  and  answers :
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What addit ional  knowledge do we 
have/need to address these problems?

S t u d i e s  a r e  n e e d e d  t h a t  q u a n t i f y 
resources ,  def ine  proper ty,  and enable 

p rope r  managemen t  and  va lua t i on .  I t 
is  necessary to  understand the science. 
F o r  e x a m p l e ,  w e  s h o u l d  u n d e r s t a n d 
the  reasons  why some aquifers  deple te 

Spec i f i c  d i s cus s ion  ques t i ons  were  posed  to  th i s  group  and  addres sed . 
Here  are  the  ques t i ons  and  answers :

R e s o u r c e  N e x u s :  W a t e r ,  E n e r g y ,  F o o d
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Summary -  Water Law/Pol icy

The  d i s cus s io n  fo cu s ed  a ro un d  t h r ee 
s p e c i f i c  t o p i c s :  ( 1 )  s t r o n g  s t a t e  p r i v a t e 
p r o p e r t y  r i g h t s  a f f e c t i n g  q u a n t i t y  o f 
wa t e r,  ( 2 )  f ede r a l  r egu l a t i ons  r ega rd ing 
q u a l i t y  o f  w a t e r ,  a n d  ( 3 )  t h e  i m p a c t  o f 
eminen t  doma in  on  p rope r ty  r i gh t s .  The 
absence  o f  comprehens ive  o r  cons i s t en t 
s ta te  laws on water  quant i ty  and/or  c lar i ty 
r ega rd ing  who  ha s  t he  r i gh t s  t o  wa t e r  i n 
t r ansbounda ry  r i ve r  bas in s ,  l e ads  t o  con -
f l i c t i ng  l aws  and  con fus ion  be tween  and 
among ju r i sd ic t ions .  Where  t rad i t iona l  o r 
h i s t o r i c  r i gh t s  a r e  en t r enched ,  a t t en t i on 
n e e d s  t o  b e  p a i d  t o  t r a n s f e r r i n g  t h o s e 
an t i qua t ed  r i gh t s  t o  new  use s ,  e spec i a l l y 
whe re  ex i s t i ng  r equ i r emen t s  p rov ide  no 
incentive for  conservat ion or  eff icient  use. 
A n  e x a m p l e  a r e  t h e  m a n y  s i t u a t i o n s  i n 
Texas  where  there  i s  l i t t l e  o r  no  incent ive 
to  conserve  groundwater.   Genera l ly,  laws 
are  not  responsive  to  new technology,  new 
information, changing social perceptions or 
no rms ,  o r  t o  c l ima te  change .   A l l  a spec t s 
o f  wa t e r  r e sou rce s  u se  and  managemen t 
n e e d  t o  b e  c o n s i d e r e d  a n d  i n c o r p o r a t e d 
i n to  a  r ev i s ed  wa t e r  po l i cy.

Wa t e r  r e s o u r c e  s t a k e h o l d e r s  a r e  n o t 
r equ i r ed  to  communica t e  ac ros s  j u r i sd i c -
t ions .  Th is  can  l ead  to  confus ion  be tween 
po l i t i c a l  so lu t i ons  and  wa t e r  ba s in  l im-
i t a t i o n s .  E x a m p l e s  i n c l u d e  ‘ b o t t o m  u p ’ 

r e g i o n a l  w a t e r  p l a n s  t h a t  b e g i n  l o c a l l y 
wi th  l i t t l e  cons ide ra t ion  o f  impac t s  bas in 
w ide  o r  beyond .  Of t en ,  t he se  do  no t  con -
s ider  or  pro tec t  the  publ ic  in teres t .   There 
i s  no t  a  s i ng l e  agency  i n  Texas  cha rged 
w i th  ve t t i ng  i n fo rma t ion  and  add re s s ing 
w a t e r  p r i o r i t i e s .   A b o d y  c h a rg e d  w i t h 
regional  p lanning and educat ion  i s  needed 
t o  a d d r e s s  d e f i n i t i o n s ,  p o l i c i e s ,  p u b l i c 
awareness  and  o ther  broad  mat te rs  a ffec t-
i ng  wa t e r  r e sou rce  u se  and  managemen t . 
A t  one  t ime ,  r e s ea r ch  and  fund ing  we re 
l i n k e d  t o  r e g u l a t i o n .  T h a t  c o u p l i n g  n o 
longer  ex i s t s .  There  i s  no  o rgan ized  body 
to  deve lop  the  conve r sa t ion  and  cons ide r 
t he  l andscape .  

The legal system lags behind the science 
o f  wa t e r  and  wa t e r- r e l a t ed  t e chno log i e s .  
Laws  have  no t  kep t  pace  wi th  t echno logy 
deve lopmen t .   We  have  no  c l ea r  s c i ence 
b a s e d  p o l i t i c a l  r e s o l u t i o n  o n  s i m p l e 
ma t t e r s ,  such  a s  ( 1 )  wha t  b r ack i sh  wa t e r 
i s  and  who  owns  i t ,  ( 2 )  t he  connec t i ons 
b e t w e e n  g r o u n d  a n d  s u r f a c e  w a t e r  a n d 
how the se  r e sou rce s  shou ld  be  r egu l a t ed 
i n  c o n c e r t ,  a n d  ( 3 )  m a r k e t  b a s e d  i s s u e s 
and  pub l i c  good .  The re  i s  huge  d i spa r i t y 
be tween  t he  p r i c e  o f  wa t e r  and  p r i c e  o f 
ga so l i ne ,  bu t  we  f a i l  t o  add re s s  t he  r e a l 
‘ va lue ’ and  t r ue  ‘ cos t ’ o f  wa t e r.
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and  o the r s  do  no t .   We  need  s t ud i e s 
t h a t  q u a n t i f y  t h e  d a m a g e  o f  w i l l f u l 
ha rm  o r  m i suse  o f  r e sou rce s .

W h a t  t y p e s  o f  p u b l i c - p r i v a t e 
partnerships (PPP) are necessary and 
poss ib le  to  address  these  problems?   
Are PPP necessarily a positive thing?  

Solutions may include incentivizing 
private corporations so that they benefit 
f rom mi t iga t ion  of  harm.  Par tner  wi th 
g o v e r n m e n t s  t o  r e s t o r e  o r  p r o t e c t 
natural  resources,  which should lead to 
grea te r  sus ta inabi l i ty.   Government  i s 
expec ted  to  e s t ab l i sh  the  ru l e s ,  wh i l e 
private corporat ions are expected to be 
a  sou rce  o f  f und ing .  We  need  t o  t ake 
ac t i on  t o  p romo te  su s t a inab i l i t y  and 
financial benefit. This is not necessarily 
always posi t ive.   Using celebri t ies  and 
NGOs  i s  f i ne ,  a s  l ong  a s  pa r t i c i pan t s 
a r e  p r o p e r l y  i n f o r m e d .  I n c e n t i v e s 
( pub l i c  and  p r i va t e  a l i ke )  need  t o  be 
i nc lu s ive  o f  a l l  s t akeho lde r s .   Te rms 

must  be  c lear ly  def ined.  Pol icy should 
be  ba sed  on  s c i ence  (knowledge )  no t 
l aw.   However,  soundly  based  sc ience 
mus t  i n fo rm  the  l aw.

T h e  p u b l i c  n e e d s  t o  b e c o m e 
invo lved .   S t akeho lde r s  shou ld  make 
i n v e s t m e n t s  t o  p r o m o t e  t h e  o v e r a l l 
su s t a inab i l i t y  o f  wa t e r  r e sou rce s .   A 
s t a t e w i d e  w a t e r  r e s o u r c e  e d u c a t i o n 
campaign—conduc ted  by  bo th  pr iva te 
and  pub l i c  g roups - -wi l l  b r ing  abou t  a 
better understanding of the roles, rights, 
a n d  r e s p o n s i b i l i t i e s  o f  i n d i v i d u a l s , 
c o r p o r a t i o n s ,  a n d  g o v e r n m e n t s .  T h e 
e d u c a t i o n  a n d  t e c h n o l o g y  s e c t o r 
should inform the pol i t ical  sector.  The 
private sector should be incentivized to 
s t reamline ,  yet  prof i t ,  whi le  becoming 
more involved in crafting new, science-
ba sed  l aws  and  po l i c i e s  a l l owing  fo r 
g rea te r  coopera t ion  be tween  indus t ry 
and  un ive r s i t i e s .
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Tech Roadmapping -  Introduct ion

T h e  m a i n  g o a l  o f  Wa t e r  F o r u m  Te c h n o l o g y  R o a d m a p p i n g  w a s 
to  gather  in format i on  and  so lut ions  f rom experts  l ead in g  to  a 

pathway for  nexus-related technology development and implementat ion. 

T h e  Wa t e r  F o r u m  T e c h n o l o g y 
Roadmap  was  des igned  as  a  char re t t e 
b r i n g i n g  t o g e t h e r  i n v i t e d  t h o u g h t 
leaders on Nexus from universit ies and 
organizations interested in accelerating 
an unders tanding of  nexus  and re la ted 
t e c h n o l o g i e s .  T h e  N a t i o n a l  S c i e n c e 
Foundat ion-suppor ted  Texas  research 
coord ina t ion  ne twork ,  RCN-CE3SAR 
se rved  a s  an  i ndependen t  f ac i l i t a t o r . 

Participants focused on defining the 
mos t  c r i t i c a l  p rob l ems  f ac ing  nexus 
and  t e chno logy  f rom the  pe r spec t i ve 
o f  human  d imens ions ,  educa t ion ,  and 
po l i cy  and  l aw. 

Barriers and solutions were discussed. 
Pa r t i c ipan t s  a l so  cons ide red  ro l e s  o f 
the  va r ious  sec to r s  and  oppor tun i t i e s 
fo r  coopera t ion .  F rom th i s  a  pa thway 
for promoting a better understanding of 
nexus  and technology implementa t ion 
was drawn -- a roadmap for nexus tech.

Roadmaps

Se t t i ng  t he  s t age  t o  de f i ne  Nexus 
d e l i b e r a t i o n s  i n  t h e  c o n t e x t  o f  a 
t e c h n o l o g y  r o a d m a p  i s  a  p r e v i o u s 
r o a d m a p p i n g  c h a r r e t t e :  h t t p : / /
TexasWate rTech .o rg 

Roadmaps  a r e  much  l i ke  s t r a t eg i c 
plans.   At the outset ,  roadmaps require 
c lear  vis ion of  the goal  and object ives 
obtained through stakeholder agreement. 

T h e  r o a d m a p  d i s p l a y s  a  c o n t i n u -
um o f  s t ep s  t o  t ake  t o  a ch i eve  s t a t ed 
o u t c o m e s .  I t  o u t l i n e s  l i n k s  a m o n g 
t a sk s  and  p r i o r i t i e s  f o r  a c t i ons  t o  be 
t aken  immed ia t e ly  and  i n  t he  fu tu r e . 
S t akeho lde r s  he lp  c r ea t e  a  consensus 
around performance targets ,  pathways, 
a s s e t s ,  p r i o r i t i e s ,  ma rke t  needs ,  ob -
s tac les ,  and  t ime  f rames  fo r  r e sea rch , 
deve lopmen t ,  demons t r a t i on ,  and  de -
ployment of technology and subsequent 
commerc i a l i z a t i on  pa thways .  

R o a d m a p s  a r e  o f t e n  u s e d  a s  a 
m e a n s  t o  h e l p  d i s p l a y  a n d  s i m p l i f y 
u n d e r s t a n d i n g  o f  c o m p l e x  s y s t e m s . 
The  p rocess  i t s e l f  engages  and  a l igns 
s t akeho lde r s  i n  a  common  cou r se  o f 
a c t i on .  

Bu i l d ing  a  r oadmap  i s  a  dynamic 
process .  Over  t ime ,  the  roadmap mus t 
evolve and be adapted,  accommodating 
t he  succe s se s  and  f a i l u r e s  o f  imp le -
ment ing roadmap-guided act ions ,  wi th 
s t akeho lde r s  r ema in ing  engaged . 

N e x u s  e x p e r t s  f o c u s e d 
on  three  d i m ens ions  in 
brea kout  groups :

The Human Dimension

The Education Dimension

T h e  P o l i c y,  L a w  a n d 
Regulatory Environment 
Dimens i on

R e s o u r c e  N e x u s :  W a t e r ,  E n e r g y ,  F o o d
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W a t e r  F o r u m  Te c h n o l o g y  Ro a d m a p p i n g  wa s  d o n e  t h ro u g h  a n 
in tens ive  workshop  invo lv ing  peop le  work ing  together  und er 

compressed  dead l ines .  I t  was  fac i l i ta ted  us ing  a  charret te  process . 

Charrettes provide for an interactive 
p a c e  i n  w h i c h  a  d i v e r s e  g r o u p  o f 
stakeholders, representing pluridisciplinary 
p e r s p e c t i v e s  ( i . e . ,  m u l t i - ,  i n t e r - , 
c r o s s - ,  a n d  t r a n s - d i s c i p l i n a r y )  a r e 
b rough t  t oge the r .  Pa r t i c ipan t s  fo l low 
a  r i g o r o u s ,  f a c i l i t a t e d  v i s i o n - d r i v e n 
process  to  achieve  speci f ied  outcome-
oriented goals and objectives. Charrettes 
a r e  e s p e c i a l l y  s u i t e d  t o  e n c o u r a g e 
discussions that go beyond conventional 
th inking,  and that  s t re tch the  envelope 
of  the  s ta tus  quo into  the  realm of  new 
pos s ib i l i t i e s . 

P a r t i c i p a n t s  h a d  o p p o r t u n i t y 
o rgan ize  the i r  t hough t s  in  advance  o f 
the charrette by attending the Resource 
Nexus  Confe r ence  and  Workshop  t he 
p r eced ing  t he  cha r r e t t e . 

U p o n  a r r i v a l  a t  T e x a s  A & M 
Unive r s i t y  San  An ton io ,  pa r t i c i pan t s 
received a  welcome from the president 
of  the  univers i ty  and  organizers ,  a f te r 
wh ich  they  r ece ived  a  b r i e f ing  on  the 
cha r r e t t e  p roces s .  Af t e r  t he  b r i e f i ng , 
pa r t i c ipan t s  were  a sked  to  a t t end  any 
one  o f  t h r ee  b r eakou t  d i s cus s ions . 

Breakout  g roup  d i scuss ions  dur ing 
t he  cha r r e t t e  o f f e r ed  pa r t i c i pan t s  an 
opportunity to contribute to discussions 
and learn from others.  Discussion is  an 
essential element of the process, because 
i t  begins  the  v i ta l ly  impor tant  process 
of developing a common understanding 
a m o n g  s t a k e h o l d e r s  w i t h  d i f f e r e n t 

p e r s p e c t i v e s  a n d  k n o w l e d g e  l e v e l s 
r e g a r d i n g  t h e  v a r i o u s  i s s u e s .  W h i l e 
i n  s u b g r o u p s ,  p a r t i c i p a n t s  b r o u g h t 
forward the  most  cr i t ical  i ssues  facing 
technology and the nexus from the human 
d imens ion ,  educa t ion  and  po l i cy / l aw. 
They  focused  on  i den t i f y ing  ba r r i e r s 
a n d  t h e  r o l e s  o f  t h e  p r i v a t e  s e c t o r , 
gove rnmen t ,  a cademia ,  and  r e sea r ch 
ins t i tu tes  to  address  c r i t i ca l  p roblems 
t h r o u g h  t e c h n o l o g y  i n n o v a t i o n  a n d 
marke t -d r i ven  so lu t i ons . 

Moving from a generalized discussion 
t o  a  more  spec i f i c  l eve l ,  p a r t i c i pan t s 
d i scussed  so lu t ions ,  nea r - t e rm needs , 
and gaps. The groups discussed scenarios 
f o r  c o l l a b o r a t i o n ,  c o o r d i n a t i o n ,  a n d 
a l i g n m e n t  o f  o p p o r t u n i t i e s  o n  t h e 
nexus, such as new laws, collaborations, 
a n  a  m o r e  n i m b l e  p u b l i c  e d u c a t i o n 
s y s t e m s .  A f t e r  s u b g r o u p  b r e a k o u t 
d i s c u s s i o n s ,  a  f i n a l  p l e n a r y  s e s s i o n 
p rov ided  pa r t i c i pan t s  an  oppo r tun i t y 
t o  i m m e d i a t e l y  h e a r  h i g h l i g h t s  o f 
discussions from each breakout session. 

B r e a k o u t  g r o u p  f a c i l i t a t o r s  f r o m 
RCN-CE3SAR presented the summaries. 
A  p r e s e n t a t i o n  b y  F o r u m  f a c i l i t a t o r 
D r .  J o r g e  V a n e g a s  d u r i n g  t h e  f i n a l 
plenary session offered part icipants  an 
oppo r tun i t y  t o  con t r i bu t e  t o  pos s ib l e 
nex t  s t ep s .

T h i s  r e p o r t  p r o v i d e s  p a r t i c i p a n t s 
a  r e c o r d  o f  t h e  p r o c e s s ,  r e s u l t s , 
conc lu s ions ,  and  nex t  s t ep s .
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Cri t i ca l  Prob lems
T h e  m o s t  c r i t i c a l  p r o b l e m s  b r o u g h t 

forward by the groups are l is ted with notes 
o f  exp l ana t i on .   These  a r e  no t  p r e sen t ed 
i n  any  pa r t i cu l a r  o rde r.

Publ i c  unders tand ing .  Unde r s t and ing 
suff ic ient  for  reasoned decis ion making 
by  t he  pub l i c  r ega rd ing  t e chno logy  i s 
gene ra l l y  l a ck ing  i n  many  a r ea s .  Th i s 
i n c l u d e s  u n d e r s t a n d i n g  o f  t h e  n e e d 
fo r  change  and  impac t s  on  t he  fu tu r e . 
Wi thou t  unders t and ing ,  the  pub l i c  may 
d i s t r u s t  change .

Choices  versus  d irect ives .  The publ ic , 
especial ly  consumers  l ike to  be engaged 
i n  change  w i th  impac t s  exp l a ined ,  bu t 
t h e  p u b l i c  o f t e n  f e e l s  l e f t  o u t  o r  i n -
a d e q u a t e l y  i n v o l v e d  b e f o r e  s o l u t i o n s 
a r e  i m p l e m e n t e d .  S t a k e h o l d e r s ,  e v e n 
r a t epaye r s ,  o f t en  don ’ t  unde r s t and  t he 
‘WHY’ fo r  change  and  how techno logy 
f i t s .  They  may fee l  unempowered ,  even 
a s  t hey  s ee  t he  r a t e s  t hey  pay  u sed  t o 
f inance the change or  new technologies . 
U n d e r  s u c h  c i r c u m s t a n c e s ,  e v e n  t h e 
b e s t  m o s t  u s e f u l  t e c h n o l o g y  c a n  f a i l 
i f  s t a k e h o l d e r s  f a i l  t o  u n d e r s t a n d  o r 
don ’ t  a ccep t  i t .

Socio-economic mismatch.  Technology 
may  no t  be  r e l evan t  o r  f i t  t h e  needs  o f 
s o m e  s e g m e n t s  o f  t h e  p u b l i c  s e r v e d , 

desp i te  the  un iversa l  need  for  adequa te 
w a t e r,  e n e rg y  a n d  f o o d  s u p p l i e s .  F o r 
example ,  use  of  many new technologies 
r equ i r e  hav ing  In t e rne t  and  Wi -F i  a c -
ce s s ,  bu t  i n  many  a r ea s  such  acce s s  i s 
unava i l ab l e  o r  t oo  expens ive  fo r  many 
member s  o f  t he  pub l i c .

Priority Solutions and Technologies
To p  p r i o r i t i e s  f o r  s o l v i n g  p r o b l e m s 

i den t i f i ed  a r e  l i s t ed .

U n d e r s t a n d  s t a k e h o l d e r  i n t e re s t s .   A s 
c h a n g e s  o r  n e w  t e c h n o l o g i e s  c o m e  o n 
l ine ,  i t  i s  important  to  unders tand re levant 
cha r ac t e r i s t i c s  o f  t he  pub l i c  t ha t  w i l l  b e 
s e rved .  Use  t h i s  i n s igh t  t o  commun ica t e 
open ly  and  e f f ec t i ve ly  w i th  t he  pub l i c  a t 
t he  r i gh t  l eve l s  cu l tu ra l l y,  e conomica l ly, 
generat ional ly,  and a t  an  appropr ia te  level 
o f  unde r s t and ing .

Recruit  and grow advocates .  Openly  and 
cons t ruc t ive ly  engage  communi ty  l eaders 
and members of community organizations to 
success fu l ly  implement  change  or  employ 
n e w  t e c h n o l o g y.  O rg a n i z a t i o n s  o f  m e r i t 
exist  to support  community social-welfare, 
educa t iona l ,  env i ronmen ta l ,  e conomic  o r 
r e l i g ious  needs .   As  an  example ,  t he  G i r l 
Scou t s  he lped  i n  San  An ton io  t o  imp le -
m e n t  w a t e r  e f f i c i e n t  t o i l e t s .  T h e r e  i s  a 
mul t ip l ier  effect  when these  organizat ions 
a r e  e f f e c t i v e l y  e n g a g e d .  A n  e x a m p l e  o f 

T h i s  b r e a ko u t  s e s s i o n  f o c u s e d  p a r t i c i p a n t  a t t e n t i o n  o n  w a t e r 
technolog ies  f rom the  po int  o f  v iew of  human d imens ions  and  in 

l i ght  o f  prev ious  d i scuss ions  about  the  nexus  o f  water,  energ y  a n d 
food.   Discuss ions inc luded,  but  were not  l imited to publ ic  stakehold-
er  processes  and  engagement ,  t rust ,  empowerment ,  commu n i t i e s , 
cu l tura l  cha l lenges ,  po l i t i ca l  rea l i t ies ,  complacency,  understanding , 
and  par tnersh i ps . 
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an  e ffec t ive  engagement  ac t ion  a re  ‘ r ide -
a longs ’ w i th  u t i l i t y  worke r s  t ha t  enab l e 
c o m m u n i t y  l e a d e r s  t o  b e t t e r  u n d e r s t a n d 
t he  u t i l i t i e s ’ ope ra t i ons .   The  pub l i c  c an 
be  i nv i t ed  t o  p ro j ec t  s i t e s  f o r  even t s  o r 
a s  a  ma t t e r  o f  cou r se  t h rough  f i e l d  t r i p s 
o r  s t a t i c  exh ib i t s .  Wi th  educa t iona l  o rga -
n i za t i ons  o r  s choo l s ,  expand  i n t e rn sh ip s 
w i t h  u t i l i t i e s  t o  l e v e r a g e  t h e  i n f l u e n c e 
o f  e d u c a t i o n  i n s t i t u t i o n s ,  s t u d e n t s  a n d 
pa r en t s .   I n  pa r t i cu l a r,  engage  wa t e r- en -
e rgy- food  or ien ted  o rgan iza t ions ,  such  as 
t he  A l l i ance  fo r  Wa te r  E ff i c i ency  (AWE) 
to  bu i ld  an  ex tended  sense  o f  communi ty.

Incent ives .  S t akeho lde r s ,  and  e spec i a l l y 
ra tepayers ,  may see  technology as  cos t ing 
t h e m  m o n e y  w i t h o u t  b e n e f i t .   P r o v i d e 
i ncen t i ve s  t o  s t akeho lde r s  f o r  adop t i ng /
accept ing new technology.  Concerns  about 
f i n a n c i a l  i m p a c t  m a y  b e  r e d u c e d  w i t h 
e f f ec t i ve  i ncen t i ve s .

Educat ion .  Wa te r- ene rgy - food  r e l a t i on -
ships need to be established through formal 
a n d  i n f o r m a l  e d u c a t i o n  m e a n s  a s  e a r l y 
a s  pos s ib l e .  As  an  example ,  pa r t i c i pan t s 
men t i oned  t he  common  knowledge  abou t 
food -ene rgy  py ramids  c r ea t ed  in  t he  pas t 
b y  i n c l u s i o n  o f  t h e  p r i n c i p l e s  o f  s u c h 
py ramids  i n  m idd l e  and  h igh  s choo l  cu r-
r icu la .  Today  new examples  a re  needed  to 
i ng ra in  p r inc ip l e s  o f  wa te r  conse rva t ion , 
e n e rg y  a n d  f o o d  t h r o u g h o u t  e d u c a t i o n . 
Th i s  c an  be  ca s t  a s  an  annua l  even t .  An 
e x a m p l e  i s  c r e a t i o n  o f  a  ‘ Wa t e r  D a y, ’ 
s im i l a r  t o  Ea r th  Day  c r ea t ed  i n  1970  and 
s t i l l  p r ac t i c ed  annua l l y.

I m p r o v e  c o m m u n i c a t i o n s .  O l d  m e a n s 
t o  commun ica t e  w i th  t he  pub l i c  may  no 
longer  be  the  mos t  e ffec t ive  way  to  r each 
t h e  p u b l i c ,  s u c h  a s  t h r o u g h  n e w s p a p e r s 
o r  r a d i o .  C o m m u n i c a t i o n  n o w  n e e d s  t o 
i nc lude  soc i a l  med i a .

Inh ib i tor s ,  O bs tac l e s ,  B arr i e r s
Pa r t i c i pan t s  l i s t ed  a  number  o f  ba r r i -

e r s .  None  appea red  t e chn i ca l l y  d i f f i cu l t . 
I n s t ead  a l l  we re  t i ed  t o  po l i t i c a l  r e so lve , 
pe r sona l  w i l l ,  o r  l e ade r sh ip  compe t ency. 

T h e  f o l l o w i n g  a p p e a r e d  t o  b e  t h e  m o s t 
s i gn i f i c an t .  None  a r e  l im i t a t i ons  on  ad -
vancemen t s  i n  t e chno logy  i t s e l f .

Complacency .   Whenever  an  i ssue  i s  con-
ten t ious  complacency  may  make  p rogress 
o r  change  d i ff i cu l t .  Moving  ou ts ide  one’s 
own  comfo r t  zone  can  be  d i f f i cu l t .  Th i s 
can  be  pa r t i cu la r ly  p reva len t  where  the re 
i s  a  l a ck  o f  pe r sona l  a ccoun t ab i l i t y.  The 
resul t  is  that  consequences  for  complacen-
cy   a r e  pa s sed  on  t o  t he  nex t  gene ra t i on .

Political will .   There may be l i t t le poli t ical 
w i l l  t o  change  o r  adop t  new t echno log ie s 
i f  t he r e  i s  r e s i s t ance .   I t  may  ma t t e r  l i t -
t l e  why  t he  r e s i s t ance  ex i s t s .   Even  i f  i t 
i s  d u e  t o  l a c k  o f  e d u c a t i o n ,  i n e f f e c t i v e 
commun ica t i on ,  o r  m i s in fo rma t ion  t he r e 
may  be  l i t t l e  po l i t i c a l  w i l l  t o  imp lemen t 
new techno logy  i f  cons t i tuenc ies  a re  pe r-
ce ived  a s  unsuppo r t i ve .

Exposure .  Many  people  l ack  d i rec t  expo-
sure  to  water  i ssues .  Despi te  droughts  and 
w a t e r  r e s t r i c t i o n s ,  m a n y  p e o p l e  s i m p l y 
a r e  no t  d i r ec t l y  a f f ec t ed  and  do  no t  r e ad 
o r  pay  a t t en t i on  t o  educa t iona l  med ia  r e -
la ted  to  wate r  p rob lems .  A perce ived  lack 
o f  r e l evancy  can  c r ea t e   complacency   o r 
obs t ruc t i on i sm .

C u l t u r a l  d i f f e r e n c e s .  S o c i o - e c o n o m i c 
ma t t e r s  may  mean  some  g roups  pe r ce ive 
wa te r,  ene rgy  and  food  cha l l enges  d i ffe r -
en t ly  than  o ther  groups .   Such  d i ffe rences 
can  make  i t  d i ff i cu l t  to  r each  some  en t i r e 
g r o u p s  o f  s t a k e h o l d e r s .   Tr u s t  m u s t  b e 
e s t a b l i s h e d  f i r s t  i n  s o m e  c o m m u n i t i e s 
b e f o r e  i n f o r m a t i o n  c a n  e f f e c t i v e l y  p a s s 
f rom one  pe r son  t o  ano the r.  Hence ,  t he r e 
may  ex i s t  a  w ide  d ive rgence  o f  op in ion 
in  some  communi t i e s  and /o r  among  some 
groups of how to address water-energy-food 
cha l l enges .

M ovin g  For war d
Par t ic ipan ts  were  op t imis t ic  tha t  cha l -

l enges  can ,  and  mus t ,  be  overcome.   They 
l i s t ed  a  number  o f  immed ia t e  a c t i ons  t o 
t ake .
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P l a n n i n g .  I t ’s  i m p o s s i b l e  t o  i m p l e m e n t 
c h a n g e  o r  i m p l e m e n t  n e w  t e c h n o l o g i e s 
s u c c e s s f u l l y  i f  y o u  d o n ’ t  k n o w  w h e r e 
you  wan t  t o  end  up .  Thus  a  f i r s t  s t ep  t o 
mov ing  fo rwa rd  i s  t o  c r ea t e  a  p l an  w i th 
a  c l e a r  d e f i n i t i o n  o f  w h a t  i s  p o s s i b l e . 
D u r i n g  p l a n n i n g ,  p r i o r i t i z e  s h o r t  t e r m , 
l o n g  t e r m ,  a n d  m o s t  i m p a c t f u l  a c t i o n s .  
D e v e l o p  a  s t r a t e g i c  p l a n  f o r  a c h i e v i n g 
p u b l i c  a w a r e n e s s .  P l a n  a n  a n n u a l  c o m -
mun i ty  wa t e r  awa renes s  day.

Funding .  Funding is  needed for  to  sus ta in 
c o m m u n i c a t i o n  a n d  o u t r e a c h  e f f o r t s  t o 
engage  s t akeho lde r s .

P a r t n e r s h i p s .  E s t a b l i s h  l o c a l  u n i v e r s i -
ty-ut i l i ty  par tnerships  on water  educat ion, 
e f f i c i ency  and  t e chno logy  deve lopmen t . 
T h r o u g h  s u c h  p a r t n e r s h i p s  p r o m o t e  t h e 
wa t e r- ene rgy - food  nexus  and  commun i ty 

s u p p o r t  f o r  f u t u r e  s u s t a i n a b l e  m a n a g e -
men t  and  advancemen t  o f  t echno logy  and 
cons e rva t i on  meas u re s .  C rea t e  s t r a t eg i c 
a l l i ance s  w i th  l oca l  and  s t a t ew ide  o rga -
n i z a t i o n s  t h a t  h a v e  s t r o n g  t i e s  t o  c o m -
mun i t i e s  ( e . g .  Texas  Wa te r  Founda t i on ) .

Engage and recrui t .  Meet  and  engage  the 
pub l i c  whe re  t hey  a r e ,  t ha t  means  whe r-
eve r  –  a t  a  f l e a  ma rke t ,  t h rough  on - l i ne 
soc i a l  med ia ,  go ing  to  communi ty  even t s 
and  o rgan i za t i on  mee t i ngs ,  and  so  on .  I n 
t h e s e  l o c a t i o n s  e d u c a t e ,  a s s e m b l e ,  a n d 
r ec ru i t  suppor t e r s  and  advoca te s .   C rea t e 
f o r u m s  t h a t  h e l p  b l e n d  s t a k e h o l d e r s  o f 
var ious  l eve l s  o f  unders tand ing ,  s t ra teg ic 
a l l iances ,  and  engagement  to  enable  c ross 
e d u c a t i o n ,  b r o a d  s u p p o r t ,  a n d  c o m m o n 
unde r s t and ing .
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Cri t i ca l  Prob lems
T h e  m o s t  c r i t i c a l  p r o b l e m s  b r o u g h t 

forward  by  the  group are  l i s ted  wi th  notes 
o f  exp l ana t i on ,  bu t  a r e  no t  p r e sen t ed  i n 
any  pa r t i cu l a r  o rde r.

Awarenes s .  The  gene ra l  pub l i c  i s  no t 
awa re  o f  t he  nexus .  Pe rhaps  mos t  im-
po r t an t  t o  t he  d i s cus s ion  abou t  educa -
t i on ,  t he r e  i s  a  l a ck  o f  c l e a r  pe r ce ived 
value in  nexus-related new technologies 
t o  t h e  p u b l i c  a n d  l a c k  o f  i n c e n t i v e s 
t o  i nc r ea s e  aw a renes s  a t  any  l eve l  o f 
t r ad i t i ona l  educa t i on .  

K - 1 2  e d u c a t i o n .  Te a c h i n g  a b o u t  t h e 
wa te r- ene rgy - food  nexus  i s  mos t ly  ab -
sen t .   Change  wi l l  no t  be  easy.  There  i s 
genera l  r e s i s t ance  to  a l t e r ing  cur r i cu la 
i n  K - 1 2 .  E v e n  w h e n  c h a n g e s  d o  t a k e 
p l ace ,  t hey  t ake  p l ace  s l owly  and  may 
i nvo lve  po l i t i c a l  cha l l enges .  

Technical training.  As new technologies 
emerge ,  the re  i s  a  t ime  lag  be tween  the 
need  fo r  t r a ined  opera to rs  and  publ ic ly 
o r  f o r  p ro f i t  ava i l ab l e  t r a i n ing .   As  a 
result ,  industry i tself  must  often become 
the  f i r s t  l i ne  o f  t r a i n ing  deve lopmen t , 
s imply  due  to  the  inabi l i ty  of  ex tens ion 
serv ices ,  communi ty  co l leges ,  or  work-
fo r ce - s avvy  un ive r s i t i e s  t o  r e spond  t o 
f u t u r e  n e e d  q u i c k l y.   P u b l i c  t r a i n i n g 
i n s t i t u t i o n s  a r e  o f t e n  u n a b l e  t o  l o o k 
beyond  pa s t  ma rke t  needs  and  i n to  t he 

f u t u r e .   T h e y  s i m p l y  d o  n o t  k e e p  u p 
with technology implementation, despite 
obvious  t rends ,  industry  market ing,  and 
mass ive  amounts  o f  in format ion  spread 
ac ro s s  t oday ’s  e l e c t ron i c  med i a . 

Higher educa t ion .  The  s epa ra t i on  be -
tween  wha t  i ndus t ry  needs  a s  t e chno l -
ogy  advances  and  wha t  i s  be ing  t augh t 
t o  s t u d e n t s  i s  e v e n  g r e a t e r  i n  h i g h e r 
e d u c a t i o n  t h a n  a t  t e c h n i c a l  t r a i n i n g 
i n s t i t u t e s .   T h i s  r e s u l t s  i n  a  l a c k  o f 
a l ignment  f rom wha t  educa to r s ,  and  by 
consequence s tudents ,  th ink needs  to  be 
l e a rned  ve r su s  wha t  s t uden t s  a c tua l l y 
n e e d  t o  k n o w  i n  o r d e r  t o  m e e t  w o r k -
fo r ce  needs  fo r  new  t echno logy.   The 
h i g h e r  e d u c a t i o n  “ c u l t u r e ”  h a s  b e e n 
s l ow  to  va lue  so lu t i on -based  r e sea r ch 
and  deve lopmen t .   The re  i s  l i t t l e  o r  no 
incent ive  for  adminis t ra tors  and facul ty 
t o  r e d e f i n e  t h e  c a r r i e r  p a t h  r e q u i r e d 
f o r  s t u d e n t s  t o  m e e t  t h e  d e m a n d s  o f 
n e w  t e c h n o l o g i e s  a s  t h o s e  t e c h n o l o -
g ie s  appea r  i n  the  nexus  workspace .  In 
p r ac t i c e  t he r e  may  be  d i s i ncen t i ve  fo r 
responsiveness,  yet  technology advances 
and  work fo rce  needs  change .

Scalabi l i ty.  Current  approaches  are  not 
scalable  to  the problem.  The K-12 com-
muni ty,  t r a in ing  communi ty  and  h igher 
educa t i on  commun i ty  a r e  no t  work ing 
o n  t h e i r  o w n ,  l e t  a l o n e  c o o p e r a t i v e l y 
t o  add re s s  t he  p rob l em.

T his breakout  sess ion  focused part ic ipant  attent ion  on educat ion, 
the  nexus  and water  technolog ies .  Part ic ipants  env is ioned a  goal 

of  creating an educated publ ic  that cares about the water-energy-food 
nexus ,  and  that  takes  ac t ions  i n  support  o f  nexus  susta inab i l i t y.

Resu l t s  -  Educat ion  D i mens ion
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Inhibitors ,  Obstacles ,  Barriers
Pa r t i c i pan t s  l i s t ed  a  number  o f  ba r r i -

e r s ,  o r  unde r ly ing  cause s .  The  fo l l owing 
appea red  t o  be  t he  mos t  s i gn i f i c an t .

K-12  educa t ion .  Changes  i n  K-12  ed -
uca t ion  o f ten  requ i re  c lea r ing  po l i t i ca l 
o b s t a c l e s  a n d  s t r u c t u r e d  d e m a n d s  o n 
educa to r s .   I t  w i l l  t ake  t ime  to  educa te 
leaders of educational reform and initiate 
a  g r a s s roo t s  movemen t  w i th  su ff i c i en t 
i n f l u e n c e  t o  a d d  n e x u s  e d u c a t i o n  t o 
K-12  cu r r i cu l a .

Technical  tra ining.  Extens ion  serv ices 
a n d  t e c h n i c a l  t r a i n i n g  a r e  o f t e n  s l o w 
to  change  on  t he i r  own  wi thou t  s t r ong 
d i r e c t i o n  o r  i n c e n t i v e s  f r o m  i n d u s t r y 
o r  ma rke t s .  

Higher educat ion .  Univers i ty  research 
and  educa t ion  mode l s  a re  no t  ones  tha t 
bend  eas i ly  to  d i s rup t ive  change .   Thus 
h i g h e r  e d u c a t i o n  h a s  c r e a t e d  i t s  o w n 
r e s t r i c t i ve  env i ronmen t  t o  adap t  t he i r 
m o d e l s  q u i c k l y  e n o u g h  t o  r e s p o n d  t o 
n e w  i n n o v a t i v e  t e c h n o l o g i e s  a n d  t h e 
workforce  needs  tha t  invar iably  accom-
p a n y  t e c h n o l o g y  c h a n g e .  T h e  c u r r e n t 
t rend  in  our  sys tem of  h igher  educa t ion 

i s  f o r  un ive r s i t i e s  t o  become  a s  much 
a l i ke  a s  pos s ib l e .   A t  t he  p r e sen t ,  f ew 
un ive r s i t i e s  s t r i ve  t o  c r ea t e  g r adua t e s 
wi th  p rac t ica l  opera t iona l  t ra in ing  ver-
s u s  t h e o r e t i c a l  t r a i n i n g .  I n  a d d i t i o n , 
un ive r s i ty  cu r r i cu la  approva l  i s  t i ed  to 
acc red i t a t ion  agenc ies .  These  agenc ies 
are  s low to  respond and regimented to  a 
degree ,  mak ing  adap ta t ion  o f  cu r r i cu la 
o r  a d o p t i n g  n e w  c u r r i c u l a  a  d i f f i c u l t 
and  d r awn  ou t  p roce s s .

Sca lab i l i t y.  Wi thou t  t he  K-12  commu-
n i t y,  t r a i n i n g  c o m m u n i t y  a n d  h i g h e r 
educa t i on  communi ty  work ing  coope r-
a t i ve ly  t o  b r i ng  fo rwa rd  nexus - r e l a t ed 
e d u c a t i o n  l i t t l e  w i l l  h a p p e n .   A t  a l l 
e d u c a t i o n  l e v e l s ,  t h e  f u n d i n g  t h a t  i s 
ava i l ab l e  f o r  work fo rce  deve lopmen t , 
new curriculum development,  and STEM 
educa t ion  has  account ing  and  repor t ing 
requirements that are so burdensome that 
few educa tors  o r  educa t ion  admin is t ra -
t o r s  a r e  w i l l i ng  t o  a ccep t  t he se  funds 
and  incorpora te  them in to  bui ld ing  new 
p rog rams  o r  cu r r i cu l a .  Cu r r en t l y  t he r e 
i s  no  d i s t i nc t  c a r ee r  pa th  fo r  s t uden t s 
t o  f o l l ow  a t  t he  va r i ous  l eve l s  o f  edu -
ca t ion  to  mee t  work fo rce  needs  o f  new 
t echno logy  r e l a t i ve  t o  t he  nexus .
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Movi ng  F orw ard
Par t ic ipan ts  l i s ted  a  number  o f  imme-

d i a t e  a c t i ons  t o  t ake .

Awarenes s .   Lea rn ing  i s  i nc r ea s ing ly 
t ak ing  p lace  in  in fo rma l  spaces ,  u s ing 
videos,  Internet,  social  media,  and other 
new communicat ion technologies .  Such 
means  should  be  used in  general  publ ic 
educat ion ,  in  addi t ion  to  making nexus 
i n fo rma t ion  pa r t  o f  cu r r i cu l a  u sed  i n 
fo rmal  pub l i c  educa t ion .  We a l so  need 
t o  i nvo lve  r egu l a to r s  e a r l y,  engag ing 
t h e m  i n  n e x u s  d i s c u s s i o n s  t h a t  l e a d 
t o  h ighe r  l eve l s  o f  unde r s t and ing  and 
be t t e r  in fo rmed  regu la to r s .  The  ob jec -
t i ve  o f  t h i s  educa t i on  i s  t o  encou rage 
r e g u l a t i o n s  t h a t  a r e  f i r m l y  b a s e d  o n 
s c i ence  and  r ea son .

K-12 educat ion.  In  order  to  implement 
change in  K-12 educat ion a  leader  must 
e m e rg e .  S o m e  o n e  o r  m o r e  i n d i v i d u -
a l s  mus t  r e cogn i ze  t he  impor t ance  o f 
educa t ion  abou t  nexus  and  t ake  on  the 
po l i t i cs  o f  change ,  as  wel l  as  advoca te 
n e w  c u r r i c u l a  a m o n g  e d u c a t o r s  a n d 
admin i s t r a t o r s . 

Higher educat ion .  Cur ren t  i ncen t ives 
t ha t  a r e  f o r c ing  un ive r s i t i e s  t o  f ocus 
o n  t h e o r e t i c a l  t r a i n i n g  a n d  b e c o m e 
a s  m u c h  a l i k e  a s  p o s s i b l e  m u s t  b e 
r e v e r s e d .  I n c e n t i v e s  s h o u l d  b e  m a d e 
a v a i l a b l e  t o  u n i v e r s i t i e s  t h a t  c h o o s e 
t o  equ ip  g r adua t e s  w i th  p r ac t i c a l  op -
e r a t i ona l  t r a i n ing  on  new  t echno logy.  
Administrat ive,  leadership,  and funding 
mode l s  need  t o  change  t o  enab l e  such 
d i s r u p t i o n  o f  c u r r e n t  p r a c t i c e .  T h e 
ve ry  de f in i t i on  o f  ca ree r  pa th  t h rough 
h ighe r  educa t i on  may  need  t o  evo lve 
t o  make  i t  po s s ib l e  t o  add re s s  f u tu r e 
w o r k f o r c e  n e e d s  i n  a  w a y  t h a t  w i l l 
mee t  new  t echno logy  r equ i r emen t s  o f 
t he  nexus .   Because  un ive r s i t y  cu r r i c -
u l a  a r e  t i ed  t o  acc r ed i t a t i on  agenc i e s , 
t h e s e  a g e n c i e s  w i l l  n e e d  t o  a d a p t  t o 
enab le  un ivers i t i e s  to  qu ick ly  adap t  to 
meet  new technology-dr iven workforce 
d e m a n d s .  I t  r e m a i n s  q u e s t i o n a b l e  i f 
h i g h e r  e d u c a t i o n  c a n  a d a p t  q u i c k l y 
enough  t o  add re s s  t he  new  innova t i ve 
t e chno log i e s  and  t he  work fo rce  needs 
tha t  inva r i ab ly  accompany  t echno logy 
change .  The  a l t e rna t ive  to  changes  de-

scribed by the group is  that  universi t ies 
wi l l  s imply  become even  less  e ffec t ive 
a t  meet ing the  educat ional  needs  of  the 
r e a l - l i f e  w o r k f o r c e  a n d  b e c o m e  s t i l l 
f a r t he r  r emoved  f rom the  t e chno logy 
i t  i s  i n  t he  p roce s s  o f  he lp ing  c r ea t e .

Sca lab i l i ty.  Nexus  i s  no t  j u s t  a  s ing le 
s u b j e c t  a r e a .  I t  a d d r e s s e s  m a t t e r s  o f 
water,  energy,  and food.  At  most  levels 
of  government  and in  univers i t ies  these 
a r ea s  a r e  add re s sed  i n  d i f f e r en t  work 
g r o u p s ,  a g e n c i e s ,  c o l l e g e s ,  d e p a r t -
ments ,  o r  o ther  ins t i tu t iona l  d iv i s ions .  
This  increases  the  chal lenge  of  making 
a n y t h i n g  h a p p e n  w i t h o u t  l e a d e r s h i p , 
p o l i t i c a l  s u p p o r t  a n d  a l l o w a n c e  f o r 
d i s rup t i on .  Such  l e ade r sh ip  w i l l  need 
t o  ex t end  t o  c r ea t i ng  an  env i ronmen t 
whe re  t he  K-12 ,  t r a i n ing ,  and  h ighe r 
e d u c a t i o n  c o m m u n i t i e s  c a n  w o r k  i n 
conce r t  t o  e s t ab l i sh  app rop r i a t e  l eve l 
cu r r i cu l a  on  nexus . 

P u b l i c - p r i v a t e - u n i v e r s i t y  p a r t n e r-
sh ips .  Pub l i c -p r iva te  pa r tne r sh ips  can 
form a  bas is  for  new educat ion models .  
Higher education and technical training/
e x t e n s i o n  c a n  l e a r n  f r o m  i n d u s t r i e s ’ 
m o d e l  f o r  t r a i n i n g  a n d  e d u c a t i o n .  
Un ive r s i t i e s  need  t o  benchmark  w i th 
p r i v a t e  i n d u s t r y  a n d  f i g u r e  o u t  h o w 
t o  p a r t n e r  i n  a  f a s h i o n  t h a t  a l l o w s 
i ndus t ry  t o  u se  h ighe r  educa t i on  i n  a 
smar te r  way  than  ever  before .  There  i s 
no  need  t o  r e i nven t  wha t  a l r e ady  ex -
i s t s .   A new mode l  fo r  n imble  de l ive ry 
o f  educa t i on  can  be  c r ea t ed  t ha t  t akes 
i n to  accoun t  wha t  i ndus t ry  needs  and 
what  h igher  educat ion can bes t  del iver.  
F ina l l y,  we  need  t o  add  an  educa t i on 
and  ou t reach  componen t  to  the  agenda 
o f  mee t ings  on  nexus .   Workshops  and 
other meetings on nexus subjects should 
include education components to ensure 
educa t i on  keeps  pace .  Such  mee t i ngs 
should be  held  regular ly,  because  when 
new technologies  become avai lable  the 
m a r k e t  q u i c k l y  e s t a b l i s h e s  n e e d  a n d 
u se ,  immed ia t e ly  a f t e r  wh ich  t r a i ned 
o p e r a t o r s  a r e  n e e d e d .   A n t i c i p a t i n g 
and  ge t t i ng  ahead  o f  t he  cyc l e  c r ea t e s 
advantages  for  indus t ry  and  educat ion . 
On ly  t h i s  way  w i l l  educa t i on  i n s t i t u -
t ions  mee t  new demands  fo r  educa t ion 
and create  recogni t ion of  the  nexus and 
t he  evo lv ing  t e chno log i e s  i t  d r i ve s .
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Cri t i ca l  Prob lems
T h e  m o s t  c r i t i c a l  p r o b l e m s  b r o u g h t 

forward  by  the  group are  l i s ted  wi th  notes 
of  explanat ion .   These  a re  the  pol icy,  law, 
a n d  r e g u l a t o r y  i s s u e s  a n d  i m p e d i m e n t s 
a f f e c t i n g  t h e  w a t e r - e n e rg y - f o o d  n e x u s . 
T h e  f o l l o w i n g  a r e  n o t  p r e s e n t e d  i n  a n y 
pa r t i cu l a r  o rde r.

Legal  and regulatory  framework.  The 
S t a t e ’s  c u r r e n t  l e g a l  a n d  r e g u l a t o r y 
f r amework  does  no t  t ake  i n to  cons id -
e r a t i o n  t h e  l i f e - c y c l e  o f  w a t e r ,  f r o m 

e x t r a c t i o n  t h r o u g h  d i s t r i b u t i o n ,   u s e , 
t r ea tment ,  recovery,  reuse  and  u l t imate 
d i s p o s a l  i n t o  t h e  e n v i r o n m e n t .  Wa t e r 
r i gh t s  a r e  a l l o t t ed  ba sed  on  h i s t o r i c a l 
fac tors  such as  pr ior  appropr ia t ion,  that 
may  no t  mee t  cu r r en t  and  fu tu r e  wa t e r 
secur i ty  and susta inabi l i ty  needs .  Water 
r i gh t s  a r e  beg inn ing  t o  be  i n f l uenced 
b y  w a t e r  m a n a g e m e n t  p l a n s ,  b u t  t h e 
p lans  a re  no t  cons is ten t  across  reg ions . 
One  g roup  member  r epo r t ed  t ha t  some 
ene rgy  compan i e s  a r e  a cqu i r i ng  wa t e r 
r ights  and  es tab l i sh ing  v i r tua l  u t i l i t ies , 
a  s i t u a t i o n  t h a t  c o u l d  c r e a t e  f u t u r e 
con f l i c t  among  u se r s .

T hi s  breakout  g roup  focused  par t i c ipant  exper t i se  on  the  p o l i c y, 
l aw and  regu lator y  env i ronment  d imens ion .  D i scuss ions  i n c l u d -

ed ,  but  were  not  l i mi ted  to  statutes ,  regu l at ion  and  pub l i c  a ge n c y 
p ra c t i c e s ,  a n d  t h e  l e ga l  re g u l a t o r y  e nv i ro n m e n t  w i t h i n  w h i c h  a l l 
ac t ions  a f fect ing  the  nexus  ex i st .



W a t e r  F o r u m  T e c h  R o a d m a p

27

Fragmenta t ion  o f  Author i ty.  The re  i s 
no authori ty—central  or  otherwise—that 
spans  t he  t h r ee  e l emen t s  o f  t he  nexus : 
wa t e r,  ene rgy,  and  food .  Fu r the rmore , 
t h e r e  i s  f r a g m e n t a t i o n  w i t h  r e s p e c t 
t o  r e g u l a t i o n s  a n d  d e c i s i o n - m a k i n g 
r e g a r d i n g  w a t e r  q u a l i t y,  w a t e r  p r o -
duc t i on  and  quan t i t y,  d i s t r i bu t i on  and 
avai labi l i ty.  Fragmentat ion resul ts  f rom 
mixed  au thor i t i e s  o f  d i ffe ren t  agenc ies 
and  d i ffe ren t  leve ls  of  respons ib i l i ty  a t 
t he  Fede ra l ,  S t a t e ,  r eg iona l  and  l oca l 
l eve l s .   I n t ens i fy ing  t he  p rob l em i s  a 
l a c k  o f  c o m m u n i c a t i o n ,  c o o p e r a t i o n , 
a n d  c o l l a b o r a t i o n  a m o n g  t h e  v a r i o u s 
part ies,  agencies,  etc.   Neither the Texas 
Water  Development  Board nor  any other 
en t i t y  ha s  imp lemen ta t i on  o r  en fo r ce -
men t  au tho r i t y  f o r  wa t e r.   Compe t ing 
needs ,  wan t s ,  demands ,  and  r i gh t s  f o r 
wa t e r  o f t en  con f l i c t .  P r i o r i t y  o f  a l l o -
ca t ion  and  use  a ffec t s  energy,  food ,  the 
env i ronment ,  and  o ther  a renas  o f  in te r-
e s t  and  conce rn .   I n  add i t i on ,  a c t i ons 
i n  o n e  p a r t  o f  t h e  n e x u s  c a n  p r o d u c e 
u n i n t e n d e d  c o n s e q u e n c e s  i n  a n o t h e r. 
F o r  e x a m p l e ,  n o - t i l l  f a r m i n g  e n h a n c -
e s  c rop  p roduc t i on  and  r educes  wa t e r 
consumpt ion ,  bu t  r equ i r e s  heav i e r  u se 
o f  he rb i c ide s .   The re  i s  no  i n t eg ra t i on 
o f  dec i s i on -mak ing  and  p r i o r i t i z a t i on 
ac ro s s  t he  va r i ous  needs  and  demands 
fo r  wa t e r.   Th i s  l e ads  t o  i ne f f i c i enc i e s 
and  a  more  l ega l i s t i c  approach  in  dea l -
i ng  w i th  con f l i c t s .

Incons i s t en t  u se  o f  s c i ence .  The  mos t 
b a s i c  a n d  s c i e n t i f i c a l l y  i n d i s p u t a b l e 
in te r re l a t ionsh ips  be tween  su r face  wa-
ter,  groundwater,  quant i ty  of  water,  and 
qua l i ty  o f  wa te r  may  no t  be  recognized 
by  con t ro l l i ng  s t akeho lde r s .

Inh ib i tor s ,  O bs tac l e s ,  B arr i e r s
Participants l isted a number of barriers, 

o r  unde r ly ing  cause s .  Ava i l ab l e  t e chno l -
ogy  was  no t  a  cons t r a in t  t o  so lu t i on ,  bu t 
a cce s s  t o  i t  was .  The  fo l l owing  appea red 
t o  be  t he  mos t  s i gn i f i c an t .

Mispercept ions .  Pe rcep t ions  about  the 
ava i l ab i l i t y  o f  wa te r,  ene rgy,  and  food 
va ry  w ide ly.   The  r eady  ava i l ab i l i t y  o f 

c h e a p  w a t e r  h a s  c r e a t e d  a  r e l a t i v e l y 
wide-spread public perception that water 
i s  an  essen t ia l ly  un l imi ted  resource .  In 
genera l ,  members  o f  the  pub l i c  be l i eve 
everyone has  a  s imple  and basic  r ight  to 
wa t e r  and  pay  l i t t l e  a t t en t i on  t o  whe re 
i t  comes  f rom o r  how i t  ge t s  t o  t hem.  
E x t e n d i n g  t h i s  l a c k  o f  u n d e r s t a n d i n g 
a n d  p e r c e p t i o n  o f  r i g h t ,  t h e r e  a l s o  i s 
a  gene ra l  l a ck  o f  unde r s t and ing  abou t 
h o w  t h e  p r o d u c t i o n  a n d  a v a i l a b i l i t y 
o f  wa t e r,  ene rgy,  and  food  i n t e r r e l a t e . 
Th i s  i s  exace rba t ed  by  t he  p ro found ly 
d i f f e r en t  va lua t i ons  o f  t he se  commod-
i t i e s :  a l t h o u g h  w a t e r  i s  e s s e n t i a l  t o 
bo th  ene rgy  and  food  ava i l ab i l i t y,  i t  i s 
a s s i gned  t he  l e a s t  va lue  i n  t he  p r i c i ng 
s t r u c t u r e .  T h e r e  i s  i n c o m p l e t e  o r  i n -
cons i s t en t  knowledge  r ega rd ing  wa t e r 
a v a i l a b i l i t y,  p a r t i c u l a r l y  h o w  o v e r a l l 
s u p p l y  i s  a f f e c t e d  b y  t h e  i n t e r r e l a -
t i o n s h i p s  a m o n g  r e d u c i n g ,  r e c y c l i n g , 
r eu s ing ,  and  r epu rpos ing  o f  wa t e r.

D a t a  n e e d s .   Av a i l a b i l i t y  a n d  a c c e s s 
t o  d a t a  a n d  i n f o r m a t i o n  i n  a n  u n d e r -
s t andab le ,  u sab le ,  and  ac t ionab le  fo rm 
is  inadequate .  Combined wi th  genera l ly 
poor  resul ts  wi th  educat ion and engage-
ment  e ffor t s  to  da te ,  th i s  d r ives  what  i s 
perceived,  bel ieved,  and acted  on by a l l 
pa r t i e s .   Tr ans f e r  and  i n t roduc t i on  o f 
ex i s t i ng  t e chno log i e s  a r e  i ncomple t e , 
i n a d e q u a t e ,  a n d  i n s u f f i c i e n t  t o  m e e t 
current needs.  Technical staff  at  relevant 
agencies and resources such staff have to 
work  wi th  a re  insuff ic ien t ,  par t i cu la r ly 
i n  t h e  s m a l l e r  g r o u n d w a t e r  c o n s e r v a -
t i o n  d i s t r i c t s .   I n  p a r t i c u l a r,  f u n d i n g 
i s  i nadequa t e  t o  suppo r t  s t ud i e s  a t  t he 
groundwater  conserva t ion  d is t r ic t  leve l 
that  would provide bet ter  unders tanding 
about  resource avai labi l i ty,  in teract ions 
among  su r f ace  and  g roundwa te r,  wa te r 
qua l i t y,  wa t e r  demands ,  and  more .

P o l i t i c a l  c o n s t r a i n t s .  P o l i t i c a l  p r e s -
su r e s ,  l ega l  ques t i ons  and  cha l l enges , 
a n d  p u b l i c  o p i n i o n  c r e a t e  r i s k s  f o r 
e l e c t e d  o f f i c i a l s  a n d  o t h e r  d e c i s i o n 
makers .   These  forces  suppress  wi l l ing-
nes s  among  e l ec t ed  o f f i c i a l s  t o  pu r sue 
n e w  l a w s  a n d  r e g u l a t i o n s .   P r e s s u r e s 
a r e  d r i v e n  b y  d i f f e r i n g  a n d  a t  t i m e s 
compe t ing  va lue  sys t ems  among  s t ake-
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ho lde r s .  Fac to r s  i nc lude  pub l i c  r i gh t s 
v e r s u s  p r i v a t e  p r o p e r t y  r i g h t s ,  a  p e r -
c e p t i o n  o f  g r e a t e r  g o o d  o f  s o c i e t y  a t 
large,  impact  on non-human species ,  the 
env i ronmen t ,  e t c .   Fac to r s  i nc lud ing  a 
lack of  a  common value system, absence 
o f  a n  a p p r o p r i a t e  v a l u a t i o n  o f  w a t e r, 
a n d  r i s k s  c o m b i n e  t o  c a u s e  a  g e n e r a l 
l a c k  o f  t r u s t  a m o n g  t h e  p a r t i e s .  F o r 
example ,  t he re  i s  l ack  o f  t rus t  be tween 
c i t i z ens  w i th  wa t e r  r i gh t s  and  c i t i z ens 
w i thou t  wa t e r  r i gh t s ,  and  among  env i -
ronmen ta l i s t s ,  po l i t i c i ans ,  deve lope r s , 
agr ibus iness ,  wa te r-pro jec t  companies , 
u t i l i t i e s ,  and  so  on .  Fu r the rmore ,  i t  i s 
d i f f i cu l t  t o  i n t roduce  change ,  because 
there  i s  cons iderable  iner t ia  dr iv ing the 
current  system of  laws,  regulat ions ,  and 
p r a c t i c e s .  T h e r e  a r e  a l s o  p r e f e r e n t i a l 
i nd iv idua l  t r e a tmen t s  a s soc i a t ed  w i th 
the  s t a tus  quo .  Wate r,  ene rgy,  and  food 
are complex subjects individually,  which 
m a k e s  a c h i e v i n g  a  c o n s e n s u s  o n  t h e 
nexus  a l l  t h e  more  d i f f i cu l t .

Lack of incentives .  There are inadequate 
i ncen t ives  fo r  u se r s  t o  conse rve  wa te r.  
For  most  consumers ,  there  i s  not  even a 
sys t em in  p l ace  to  r ecogn ize  any  wa te r 
conse rva t i on  e f fo r t s  t hey  may  make .

Movi ng  F orw ar d
Pa r t i c i pan t s  p rov ided  sugges t i ons  on 

a d d r e s s i n g  c h a l l e n g e s .   T h e y  l i s t e d  a 
number  o f  immed ia t e  a c t i ons  t o  t ake .

Studies  (and  funding) .  S tud ies  shou ld 
be  conduc ted  to  quan t i fy  the  wa te r-en -
e rgy - food  nexus ,  w i th  work  t o  i nc lude 
validating the legit imacy of focus on the 
nexus  by  i l l u s t r a t i ng  app rop r i a t e  c a se 
s t u d i e s .  A s  e x a m p l e s  o f  s u c h  w o r k s , 
cons ide r  an  examina t i on  o f  t he  ene rgy 
c o s t  o f  w a t e r  p r o d u c t i o n ,  t r e a t m e n t , 
a n d  d i s t r i b u t i o n  f o r  f o o d  p r o d u c t i o n . 
A d o p t i o n  a n d  a d a p t a t i o n  o f  e x i s t i n g 
t e chno log i e s  shou ld  be  demons t r a t ed , 
par t icular ly  where  uncer ta in t ies  may be 
h igh .  P roof -o f -concep t  demons t ra t ions 
s h o u l d  b e  u n d e r t a k e n  f o r  n e w  t e c h -
no log i e s  o r  f o r  emerg ing  o r  unp roven 
concept  technologies  in  areas  cr i t ical  to 
nexus .  The re  i s  a  r o l e  f o r  un ive r s i t i e s 

and  p r i va t e  nonp ro f i t  o rgan i za t i ons  t o 
s e r v e  a s  i n d e p e n d e n t  b r o k e r s  f o r  t h e 
c a s e  s t u d i e s  a n d  d e m o n s t r a t i o n s .  To 
e n a b l e  s u c h  s t u d i e s ,  h o w e v e r ,  t h e r e 
mus t  be  new  coope ra t i ve  and  i n t eg ra -
t i ve  fund ing  mechan i sms .  One  op t i on 
i s  t o  e s t a b l i s h  a  m a j o r  F e d e r a l  p r o -
g r a m  d e s i g n e d  a l o n g  t h e  l i n e s  o f  t h e 
A d v a n c e d  R e s e a r c h  P r o j e c t s  A g e n c y, 
e i t he r  f o r  wa t e r  on ly  o r  f o r  t he  nexus . 
I f  i t  i s  neces sa ry  t o  work  w i th in  ex i s t -
i ng  agency  cons t r a in t s ,  t hen  agenc i e s 
r e s p o n s i b l e  f o r  f u n d i n g  r e s e a r c h  a n d 
deve lopmen t  i n  t he  nexus  a r ena  a t  t he 
Fede ra l ,  S t a t e ,  and  l oca l  l eve l s  shou ld 
be  i den t i f i ed  and  t he  l e ade r s  i n  t he se 
agencies  and relevant  legis lat ive branch 
commit tees  con tac ted  wi th  in format ion 
about  nexus.  Among opt ions  to  consider 
a r e  d i r ec t  app rop r i a t i ons  and  use r  f ee s 
o r  a s ses smen t s  fo r  fund ing  a t  t he  S ta t e 
o r  F e d e r a l  l e v e l s .  F o r  s u c h  f u n d i n g , 
and  e spec i a l l y  f o r  u se r  f e e s  o r  r e l a t ed 
a s s e s s m e n t s  s a f e g u a r d s  t o  a s s u r e  t h e 
f u n d i n g  i s  a c t u a l l y  u s e d  a s  i n t e n d e d 
shou ld  be  added  t o  au tho r i z ing  l eg i s -
l a t i on  and /o r  r egu l a to ry  au tho r i t y.

P l a n n i n g .   H i g h - v a l u e  c o n s e r v a t i o n 
p ro j ec t s  shou ld  be  des igned  and  inco r-
porated into  the  Texas  State  Water  Plan. 
Cur r en t  fund ing  i n  t he  p l an  des igna t e s 
a  percentage  of  loan  funding  to  be  used 
on  conse rva t i on  p ro j ec t s ;  a  consensus 
on high-pr ior i ty  projects  would  provide 
a  ba s i s  f o r  a l l oca t i on  o f  l oan  funds .

C o o r d i n a t i o n .  I n c r e a s e d  i n t e r a c t i o n s 
a n d  c o o p e r a t i o n  a m o n g  a p p r o p r i a t e 
S t a t e  agenc i e s  shou ld  be  encou raged . 
A g e n c i e s  a t  i s s u e  i n c l u d e  t h e  Te x a s 
Commiss ion  on  Envi ronmenta l  Qual i ty, 
Texas  Wa te r  Deve lopmen t  Boa rd ,  and 
Texas  Pa rks  and  Wi ld l i f e  Depa r tmen t . 
A u n i v e r s i t y  o r  g r o u p  o f  u n i v e r s i t i e s 
cou ld  he lp  p romo te  such  coo rd ina t i on 
t h r o u g h  f o r u m s  o r  w o r k s h o p s .  E v e n 
t h o u g h  i t  m a y  b e  p o l i t i c a l l y  v o l a t i l e , 
t he se  s ame  un ive r s i t i e s  cou ld  i n i t i a t e 
an  e f fo r t  t o  eva lua t e  t he  need  fo r  and 
p o t e n t i a l  r o l e  o f  a  s i n g l e  S t a t e - l e v e l 
agency responsible for the water through-
ou t  i t s  l i f ecyc le ,  inc lud ing  p roduc t ion , 
,  d i s t r ibu t ion ,  conse rva t ion ,  r euse ,  and 
d i s cha rge  i n to  t he  env i ronmen t .
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Outreach  Educa t ion
C h a r r e t t e  p a r t i c i p a n t s  f o c u s e d  o n  a 

gene ra l  goa l  o f  u s ing  educa t i on  and  ou t -
reach  as  a  means  to  develop  unders tanding 
and  suppor t  among  the  pub l i c  fo r  work  on 
t he  nexus .  Howeve r  i t  was  no t  c l e a r  who 
would pay for  such education and outreach. 
Wate r,  energy  and  food  p rogram respons i -
bi l i ty  is  spread across  many different  work 
g roups ,  agenc i e s ,  co l l ege s ,  depa r tmen t s , 
and  o the r  i n s t i t u t i ona l  d iv i s i ons  i n  gov -
e r n m e n t ,  i n d u s t r y  a n d  u n i v e r s i t i e s .  T h i s 
g ives  some  r e spons ib i l i t y  t o  a l l ,  bu t  f i na l 
a ccoun t ab i l i t y  t o  none .

Because  the  general  publ ic  i s  not  aware 
o f  t he  nexus ,  t he r e  i s  a  l a ck  o f  c l e a r  pe r-
ce ived  va lue  o f  nexus - r e l a t ed  work  o r  o f 
a s soc ia t ed  new techno log ies .  Us ing  wa te r 
as  an  example ,  desp i te  d roughts  and  wate r 
r e s t r i c t i o n s  m a n y  p e o p l e  s i m p l y  a r e  n o t 
d i r ec t l y  a f f ec t ed  and  do  no t  r e ad  o r  pay 
a t t en t i on  t o  educa t i ona l  med i a  r e l a t ed  t o 
p rob l ems .

To  a c h i e v e  e d u c a t i o n  a n d  o u t r e a c h 
s eve ra l  a c t i ons  we re  r ecommended .

Par t ic ipants  sugges ted  us ing  case  s tud-
i e s  a s  r ea l - l i f e  examples  o f  why  eve ryone 
shou ld  ca r e  abou t  t he  nexus .

To  add re s s  gene ra t i ona l  cha l l enges  t o 
informat ion del ivery,  they recommend that 
educa t ion  and  out reach  ex tend  to  in formal 
educat ion spaces  by using videos,  Internet , 
social  media,  and other new communication 
t e chno log i e s .  Th i s  p romp ted  t he  sugges -
t i o n  t o  g e n e r a t e  o u t r e a c h  a n d  e d u c a t i o n 
o p p o r t u n i t i e s  u s i n g  v i r t u a l ,  i m m e r s i v e 
v i sua l i za t ion  op t ions  tha t  c r ea t e  i n t e r e s t -
ing  engagement  env i ronment s .  Th i s  cou ld 
i nc lude  game  p l ay  t o  ge t  peop l e  engaged . 
I t  cou ld  a l so  inc lude  the  wa te r  equ iva len t 
o f  a  d o o m s d a y  c l o c k  t o  a l l o w  p e o p l e  t o 
visual ize the nature of  sustainable resource 
u s e .  A n o t h e r  e x a m p l e  w a s  c r e a t i o n  o f  a 
“ Wa t e r  D a y, ”  s i m i l a r  t o  E a r t h  D a y  f i r s t 
r e c o g n i z e d  i n  1 9 7 0  a n d  s t i l l  p r a c t i c e d 
annua l ly  a s  a  means  to  p romote  educa t ion 
abou t  t he  env i ronmen t .

Pa r t i c ipan t s  a l so  s t a t ed  t ha t  educa t ion 
mus t  ex t end  to  a l l  members  o f  t he  pub l i c , 
regardless  or  whether  or  not  nexus technol-
og i e s  a r e  now pe rce ived  r e l evan t  t o  o r  f i t 
t he  needs  o f  some  segment s  o f  the  pub l i c . 

To forward change,  par t ic ipants  recom-
mended offer ing choices  versus  di rect ives . 

P artic ipants  reconvened in  a  c los ing  sess ion  fo l lowing  complet ion 
o f  breakout  group  d i scuss ions .   They  heard  summar ies  o f  resu l t s 

of  those d iscuss ions .   Fac i l i tator  Dr.  Jorge Vanegas  ident i f ied  themes 
that  cut  across  breakout  sess ions .   Dr.  Vanegas  asked  severa l  q u es -
t ions  o f  the  ent i re  g roup  to  probe  areas  o f  consensus  and  in  a nt i c -
i p at i o n  o f  f u t u re  co u rs e s  o f  a c t i o n .  Pa r t i c i p a nt s  i n  e a c h  b re a ko u t 
sess ion,  regard less  of  top ic ,  descr ibed s imi lar  problems and pr ior i ty 
s o l u t i o n s .   T h e re  wa s  a  s i m i l a r  c o n s e n s u s  a m o n g  p a r t i c i p a n t s  o n 
co n s e q u e n c e s  o f  fa i l u re  to  a c t ,  b a r r i e rs  to  a c t i o n ,  a n d  b e n ef i t s  i f 
ac t ion  i s  taken .  There  seemed to  be  genera l  agreement  on  w h at  i s 
most  i mportant  to  f i x  and  what  needs  to  be  done  to  f i x  i t .  
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They  be l i eve  t he  impac t s  o f  nexus -d r iven 
change  o r  t e chno logy  mus t  be  exp l a ined 
and that  s takeholders  should be empowered 
w i th  an  unde r s t and ing  o f  “why, ”  even  a s 
t h e y  m a y  s e e  r a t e s  t h e y  p a y  i n c r e a s e  t o 
f inance new technologies  for  nexus-related 
goods  o r  s e rv i ce s .

In an effort to recruit and grow advocates 
f o r  nexus ,  pa r t i c i pan t s  sugges t ed  open ly 
a n d  c o n s t r u c t i v e l y  e n g a g i n g  c o m m u n i t y 
l e ade r s  and  member s  o f  commun i ty  o rga -
n i za t i ons  i n  e f fo r t s  t o  imp lemen t  change 
and  employ  new techno logy.  They  be l i eve 
t he r e  i s  a  mu l t i p l i e r  e f f ec t  when  commu-
n i ty  o rgan iza t ion  members  a re  e ffec t ive ly 
engaged . 

Where  soc io-economic  or  cu l tu ra l  con-
d i t i ons  may  c r ea t e  m i sconcep t i ons  abou t 
the water,  energy and food nexus,  education 
e f f o r t s  m a y  r e q u i r e  f i r s t  e s t a b l i s h i n g  a 
h igh  l eve l  o f  t rus t .  Pa r t i c ipan t s  sugges ted 
meet ing  and  engaging  the  publ ic  wherever 
t hey  a r e ,  t h rough  commun i ty  even t s  and 
c o m m u n i t y  o r g a n i z a t i o n  m e e t i n g s ,  r i d e 
a longs  w i th  u t i l i t y  worke r s ,  pub l i c  i nv i -
t a t i o n s  t o  p r o j e c t  s i t e s  f o r  e v e n t s ,  f i e l d 
t r i p s ,  e x h i b i t s ,  a n d  s c h o o l  e v e n t s  a n d 
i n t e r n s h i p s  t o  l e v e r a g e  t h e  i n f l u e n c e  o f 
educa t ion  ins t i tu t ions .  They  a l so  sugges t , 
c r e a t i n g  e d u c a t i o n  o u t r e a c h  f o r u m s  t h a t 
he lp  b l end  s t akeho lde r s  o f  va r i ous  l eve l s 
o f  unde r s t and ing ,  s t r a t eg i c  a l l i ances ,  and 
e n g a g e m e n t  t o  e n a b l e  c r o s s  e d u c a t i o n , 
broad support ,  and common unders tanding. 

Ed ucat ion  Re form and 
Ro le  o f  Un ivers i t i e s

Charret te  part icipants  fel t  that  the basic 
pr incip les  of  the  water-energy-food nexus , 
as  wel l  as  s ignif icance for  future  economic 
and  env i ronmen ta l  su s t a inab i l i t y,  need  t o 
be  t augh t  t o  s t uden t s  t h rough  fo rma l  and 
informal  educat ion  means  s tar t ing  as  ear ly 
as  poss ib le  and  con t inu ing  th rough  h igher 
educat ion .  At tent ion  turned to  the  need for 
educat ion  reform to  enable  fas ter  response 
by  educa t ion  a t  a l l  l eve l s  t o  enab le  inco r-
p o r a t i o n  o f  r e l e v a n t  n e w  t e c h n o l o g y  i n 
cur r icu la ,  research  and  workforce  t ra in ing 

Pub l i c  educa t i on  cu r r i cu lum deve lop -

ment  and del ivery  models  are  not  ones  that 
b e n d  e a s i l y  t o  d i s r u p t i v e  c h a n g e .   P a r -
t i c i pan t s  ques t i oned  i f  educa t i on  w i l l  be 
ab le  to  adap t  the i r  mode l s  qu ick ly  enough 
t o  a d d r e s s  t h e  n e w  n e x u s  s u b j e c t  a r e a s , 
re la ted  technologies ,  and  workforce  needs 
t h a t  i n v a r i a b l y  a c c o m p a n y  t e c h n o l o g y 
advancemen t .

K - 1 2 .  Wi t h  s u b j e c t  m a t t e r  a b o u t  t h e 
nexus  mos t l y  ab sen t  i n  K-12  cu r r i cu l a , 
t he  f i r s t  p r io r i ty  fo r  educa t ing  s tuden t s 
abou t  nexus  i s  t o  deve lop  and  add  nex -
us - re la ted  sub jec t  mat te r  to  appropr ia te 
K - 1 2  c u r r i c u l a .  B e c a u s e  c h a n g e s  i n 
K - 1 2  e d u c a t i o n  o f t e n  r e q u i r e  c l e a r -
i n g  p o l i t i c a l  o b s t a c l e s  a n d  s t r u c t u r e d 
d e m a n d s  o n  e d u c a t o r s ,  w o r k  s h o u l d 
s t a r t  immed ia t e ly  a t  t he  po l i t i c a l  l eve l 
a n d  w i t h  t e a c h e r s  a n d  a d m i n i s t r a t o r s .  
Pa r t i c i pan t s  r e commend  t h i s  s t a r t  w i th 
educa t ion  e ffor t s  d i rec ted  a t  (1 )  e lec ted 
o ff i c i a l s  in  educa t ion  po l i cy  l eadersh ip 
pos i t i ons ,  and  (2 )  g r a s s roo t s  educa t ion 
o f  S T E M  e d u c a t o r s  t h r o u g h o u t  Te x a s . 
O n e  p l a c e  t h i s  c a n  b e  i m p l e m e n t e d  i s 
through univers i ty  cont inuing educat ion 
programs for teachers and as K-12 educa-
t ion s tudents  take univers i ty  coursework 
fo r  t he i r  deg ree .  I n  o rde r  t o  imp lemen t 
change  i n  K-12  educa t i on  pa r t i c i pan t s 
f e l t  t h e r e  mus t  emerge  a  l e ade r.  Some 
one  o r  more  ind iv idua l s  mus t  r ecogn ize 
the  importance of  educat ion about  nexus 
and  t ake  on  t he  po l i t i c s  o f  change ,  a s 
we l l  a s  advoca t e  new  cu r r i cu l a  among 
educa to r s  and  admin i s t r a t o r s .

Without change, universities 
w i l l  b e c o m e  e v e n  l e s s 
e f f e c t i v e  a t  m e e t i n g  t h e 
education needs of the real-
l i fe  wo r k fo rc e  a n d  fa r t h e r 
r e m o v e d  f r o m  t h e  v e r y 
t e c h n o l o g i e s  u n i v e r s i t i e s 
a re  he l p i ng  c reate .
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Te c h n i c a l  Tr a i n i n g .  A s  n e w  t e c h n o l o -
g i e s  e m e rg e ,  t h e  t i m e  l a g  b e t w e e n  t h e 
need  fo r  t r a i ned  ope ra to r s  and  pub l i c l y 
ava i l ab l e  t r a i n ing  a t  t e chn i ca l  t r a i n ing 
i n s t i t u t e s  m u s t  b e  r e d u c e d .   Te c h n i c a l 
t r a i n i n g  i n s t i t u t e s  m u s t  k e e p  u p  w i t h 
technology  implementa t ion  by  fo l lowing 
industry marketing and deployment trends. 
Th i s  c an  be  done  t h rough  a t t endance  a t 
i n d u s t r y  c o n f e r e n c e s  a n d  b y  f o l l o w i n g 
i ndus t ry - r e l a t ed  med ia .

Higher educa t ion .  Wi th  t he  s epa ra t i on 
be tween  wha t  indus t ry  needs  as  t echno l -
ogy advances  and what  i s  be ing  taught  to 
s tudents  even greater  in  h igher  educat ion 
t han  a t  t e chn i ca l  t r a in ing  i n s t i t u t e s ,  t he 
cha l l enge  o f  change  i s  magn i f i ed .   The 
h ighe r  educa t i on  “cu l t u r e”  t ha t  f a i l s  t o 
p l a c e  h i g h  v a l u e  o n  s o l u t i o n - b a s e d  r e -
search  and development  must  be  changed 
t o  e n g a g e  w i t h  c h a n g i n g  t e c h n o l o g i e s .  
Current  d is incent ives  must  be  changed to 
incent ives  for  adminis t ra tors  and  facul ty 
t o  r ede f i ne  t he  ca r r i e r  pa th  r equ i r ed  fo r 
s t u d e n t s  t o  m e e t  t h e  d e m a n d s  o f  n e w 
t e c h n o l o g i e s .  U n i v e r s i t y  r e s e a r c h  a n d 
educa t ion  mode l s  a re  no t  ones  tha t  bend 
e a s i l y  t o  d i s r u p t i v e  c h a n g e ,  c r e a t i n g 
a  r e s t r i c t i v e  e n v i r o n m e n t  f o r  a d a p t i n g 
q u i c k l y  t o  r e s p o n d  t o  n e w  i n n o v a t i v e 
technologies and the workforce needs that 
invariably accompany technology change. 
To  suppo r t  change  i n  h ighe r  educa t i on , 
c u r r i c u l a  a c c r e d i t a t i o n  a g e n c i e s  m u s t 
a l so  adap t  t he i r  mode l s  and  p roce s s ing 
t imes  t o  enab l e  un ive r s i t i e s  t o  qu i ck ly 
r e spond  t o  mee t  new  t echno logy -d r iven 
work fo rce  demands . 

Scalabi l i ty.  Educat ion about  nexus needs 
t o  s ca l e  t o  mee t  t he  needs  o f  t he  K-12 , 
training and higher education communities. 
Th i s  w i l l  r equ i r e  a l l  t h r ee  commun i t i e s 
work ing  coope ra t i ve ly  t o  b r i ng  fo rwa rd 
nexus- re la ted  educa t ion .  Funding  should 
be  made  ava i l ab l e  t o  p romo te  new  cu r-
r icu lum and work- force  deve lopment .  To 
enab le  r eady  use  o f  funds ,  the  excess ive 
a c c o u n t i n g  a n d  r e p o r t i n g  r e q u i r e m e n t s 
t ha t  impede  use  o f  such  funds  shou ld  be 
l e s s ened  o r  r emoved  en t i r e l y.

Public-private-university partnerships . 
Pa r t ne r sh ip s  shou ld  be  u sed  t o  f o rm  the 
bas i s  fo r  new,  f a s t e r  evo lv ing  educa t ion 
mode l s .   Based  on  i ndus t r i a l  educa t i on 
r e q u i r e m e n t s  f o r  a p p l y i n g  n e x u s  t e c h -
n o l o g i e s ,  u n i v e r s i t i e s  m u s t  b e n c h m a r k 
w i t h  p r i v a t e  i n d u s t r y  a n d  p a r t n e r  i n  a 
f a s h i o n  t h a t  a l l o w s  u n i v e r s i t i e s  t o  t a p 
i n to  i ndus t ry  r e sou rce s ,  and  i ndus t ry  t o 
u s e  h i g h e r  e d u c a t i o n  i n  a  s m a r t e r  w a y 
t han  eve r  be fo r e .   Unde r s t and ing  t he r e 
i s  no  need  t o  r e i nven t  wha t  a l r e ady  ex -
i s t s ,  a  new mode l  fo r  n imble  de l ive ry  o f 
educa t i on  can  be  c r ea t ed  t ha t  t ake s  i n to 
a c c o u n t  w h a t  i n d u s t r y  n e e d s  a n d  w h a t 
h ighe r  educa t i on  can  be s t  de l i ve r.

In furtherance of  more rapid evolut ion 
o f  e d u c a t i o n ,  m e e t i n g s  s h o u l d  b e  h e l d 
regular ly between universi ty  facul ty,  reg-
ulatory agency s taff ,  and industry leaders 
on  emerg ing  t op i c s  whe re  nexus - r e l a t ed 
t e c h n o l o g y  i s  e n t e r i n g  t h e  m a r k e t  a n d 
a p p l i c a t i o n .   A n t i c i p a t i n g  a n d  s t a y i n g 
ahead  o f  the  t echno logy  implemen ta t ion 
c y c l e  c r e a t e s  a d v a n t a g e s  f o r  i n d u s t r y, 
r e s e a r c h e r s  a n d  e d u c a t o r s . .  O n l y  t h i s 
w a y  w i l l  e d u c a t i o n  i n s t i t u t i o n s  r e m a i n 
e n g a g e d  w i t h  r e l e v a n t  r e s e a r c h ,  m e e t 
new  demands  fo r  educa t i on ,  and  c r ea t e 
recogni t ion of  the nexus and the evolving 
t e chno log i e s  i t  d r i ve s . 

Publ i c  Po l i c i e s
Pa r t i c i pan t s  f e l t  t h e  S t a t e ’s  cu r r en t  l ega l 
and  r egu l a to ry  f r amework  f a i l s  t o  r e f l e c t 
t he  ba s i c  and  i nd i spu t ab l e  s c i ence  unde r-
ly ing  the  l i f ecyc le  o f  wa te r  and  use  by  hu -
mans ,  f rom ext rac t ion  through dis t r ibut ion , 
t r e a t m e n t ,  r e c o v e r y,  r e u s e ,  d i s p o s a l  i n t o 
the  env i ronment ,  and  u l t ima te  recyc l ing  as 
g roundwate r,  su r face  wa te r  o r  a tmospher ic 
w a t e r.  Wa t e r  r i g h t s  a r e  d i s t r i b u t e d  b a s e d 
on  h i s t o r i c a l  f a c to r s  such  a s  p r i o r  app ro -
p r i a t i o n ,  t h a t  m a y  n o  l o n g e r  m e e t  f u t u r e 
w a t e r  s e c u r i t y  a n d  s u s t a i n a b i l i t y  n e e d s . 
Par t ic ipants  expressed unders tanding of  the 
po l i t i c a l ,  s oc i a l ,  t e chn i ca l ,  and  economic 
c o n s t r a i n t s  t o  r a p i d  c h a n g e  i n  p o l i c i e s , 
l aws ,  r u l e s ,  and  pub l i c  op in ion .
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U n i f y i n g  l e a d e r s h i p .  Wa t e r  r i g h t s  a r e 
b e g i n n i n g  t o  b e  i n f l u e n c e d  b y  w a t e r 
management  p lanning and adopted  p lans , 
bu t  t he  p l ans  a r e  no t  cons i s t en t  a c ro s s 
r e g i o n s .  P r o g r e s s  i n  t h i s  a r e a  s h o u l d 
con t inue ,  bu t  f ragmenta t ion  o f  au thor i ty 
o v e r  r e g u l a t i o n s  a n d  d e c i s i o n - m a k i n g 
r e g a r d i n g  w a t e r  q u a l i t y ,  p r o d u c t i o n , 
q u a n t i t y,  d i s t r i b u t i o n ,  a n d  a v a i l a b i l i t y 
m a k e  a n y  d e c i s i o n  a b o u t  w a t e r  d i f f i -
cu l t .  Cha l l enges  expand  a s  f ocus  t u rn s 
t o  t he  nexus ,  wh ich  encompasse s  many 
add i t iona l  sub jec t  a reas .  Po l i cy  changes 
a ffec t ing  wate r  o r  the  nexus  may  requ i re 
c o o r d i n a t i o n  a m o n g  n u m e r o u s  w o r k 
g roups ,  agenc i e s ,  co l l ege s ,  gove rnmen t 
d e p a r t m e n t s ,  o r  o t h e r  i n s t i t u t i o n a l  d i -
v i s i o n s  t h a t  a r e  r e s p o n s i b l e  f o r  p o l i c y 
a t  t he  l oca l ,  r eg iona l ,  s t a t e  and  f ede ra l 
l e v e l s  o f  g o v e r n m e n t .  A s  s u c h ,  t h e r e 
needs  to  be  increased re l iance  on sc ience 
and  be t t e r  coo rd ina t i on  ac ro s s  t he  va r-
i ous  l eve l s  o f  gove rnmen t  and  work ing 
groups  respons ib le  for  nexus  mat te rs .  As 
w i th  educa t i on ,  po l i t i c a l  and  g r a s s roo t s 
l e a d e r s h i p  i n  a d v o c a c y  o f  d i s r u p t i v e 
c h a n g e  w i l l  b e  n e e d e d  t o  c o u n t e r  t h e 
p o l i t i c a l  a n d  b u r e a u c r a t i c  c o n s t r a i n t s 
t o  i n t eg ra t i on  o f  nexus  s c i ence  i n to  t he 
po l i cy  mak ing  p roce s s . 

Use  o f  s c i ence .  Educa t i on  and  ou t r each 
w i l l  be  r equ i r ed  t o  c r ea t e  g r ea t e r  l eve l s 
o f  a w a r e n e s s  a b o u t  t h e  n e x u s ,  a n d  f o r 
wa t e r  i n  pa r t i cu l a r,  abou t  t he  i nd i spu t -
ab l e  i n t e r r e l a t i onsh ip s  be tween  su r f ace 
w a t e r,  g r o u n d w a t e r,  q u a n t i t y  o f  w a t e r, 
and qual i ty  of  water.  Such educat ion wi l l 
h e l p  p a v e  t h e  w a y  f o r  r e a s o n e d  p o l i c y 
change  ba sed  on  r ecogn i t i on  o f  f a c tua l 
i n fo rma t ion .

Planning .   High-value conservat ion proj-
ec ts  should  be  des igned and incorporated 
i n to  t he  Texas  S t a t e  Wa te r  P l an .  D i r ec t 
f u n d i n g  f o r  h i g h  p r i o r i t y  c o n s e r v a t i o n 
work  shou ld  be  added  i n to  t he  p l an . 

C o o r d i n a t i o n .  I n c r e a s e d  i n t e r a c t i o n s 
and  coope ra t i on  among  un ive r s i t i e s  and 

state agencies with responsibil i ty for nex-
us - r e l a t ed  po l i cy  shou ld  be  encou raged 
and  implemented .   A un ive r s i ty  o r  g roup 
o f  un ive r s i t i e s  cou ld  he lp  p romo te  such 
coo rd ina t i on  t h rough  an  ongo ing  s e r i e s 
o f  f o rums  o r  workshops .

Research  and  Data
U n i v e r s i t i e s  a n d  p r i v a t e  r e s e a r c h  o r g a -
n i z a t i o n s  c a n  p l a y  a  r o l e  a s  i n d e p e n d e n t 
b rokers  fo r  demons t ra t ion  of  nexus- re la ted 
t e c h n o l o g i e s  t o  a c c e l e r a t e  c o m m e r c i a l -
i z a t i on  and  app l i c a t i on .  P roo f -o f - concep t 
demons t r a t i ons  fo r  emerg ing  o r  unp roven 
c o n c e p t s  s h o u l d  b e  u n d e r t a k e n  i n  a r e a s 
c r i t i c a l  t o  nexus .

There  i s  need  to  inc rease  access  to  da ta 
a n d  i n f o r m a t i o n ,  m a k i n g  i t  a v a i l a b l e  t o 
indus t ry,  researchers ,  and  po l icy  makers  in 
an  unders tandab le ,  useab le ,  and  ac t ionab le 
form.  This  inc ludes  an  inventory  and  t rans-
fer  of  informat ion on exis t ing technologies . 
M a k i n g  u s e  o f  t h i s  i n f o r m a t i o n ,  s t u d i e s 
s h o u l d  b e  c o n d u c t e d  t o  b e t t e r  q u a n t i f y 
t h e  w a t e r - e n e rg y - f o o d  n e x u s ,  w i t h  w o r k 
t o  i n c l u d e  w i d e l y  d i s s e m i n a t i n g  r e s u l t s 
t h r o u g h  d e v e l o p m e n t  a n d  d i s t r i b u t i o n  o f 
app rop r i a t e  c a se  s t ud i e s . 

Fund ing  wi l l  be  r equ i red  fo r  new work , 
w i th  no rma l  r ou t e s  f o r  f und ing  wa t e r,  en -
e rgy  and  food  r e l a t ed  r e sea r ch  sugges t ed 
a s  f i r s t  s t ep s  f o r  i nqu i ry.  One  op t i on  sug -
ges t ed  was  t o  s eek  e s t ab l i shmen t  o f  a  new 
Fede ra l  p rog ram des igned  a long  t he  l i ne s 
o f  t he  Advanced  Resea rch  P ro j ec t  Agency, 
e i the r  fo r  wa te r  on ly  o r  fo r  the  nexus .  Th i s 
wou ld  i nc lude  d i r ec t  app rop r i a t i ons  a t  t he 
S t a t e  o r  f ede r a l  l eve l s .

Plann ing .  I t ’s  imposs ib l e  t o  imp lemen t 
w o r k  o r  t e s t  n e w  t e c h n o l o g i e s  i f  y o u 
don ’ t  know whe re  you  wan t  t o  end  up . 
A key  s t ep  fo rwa rd  w i l l  be  c r ea t i on  o f 
a  p l a n ,  w i t h  c l e a r  s h o r t  a n d  l o n g  t e r m 
a c t i o n s ,  i n c l u d i n g  a c t i o n s  t o  a c h i e v e 
pub l i c  awa renes s .
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Append ix  I  — Par t i c ipants
Monty Alger -- The Pennsylvania State University 

M.K. Balasubramanya -- Texas A&M University-San 
Antonio 

Francisco Javier Bernaola -- Abengoa 

John Blake -- Texas A&M University 

Regina Buono -- Baker Institute for Public Policy 

David Burnett -- Texas A&M University-Global Petroleum 
Res Inst 

Angel Bustamante -- El Paso Water Utilities 

Lucy Mar Camacho -- Texas A&M University-Kingsville 

JoAnn Canales -- Texas A&M University-Corpus Christi 

Luis Cifuentes -- Texas A&M University-Corpus Christi 

Richard Coffin -- Texas A&M University-Corpus Christi 

Robert Cunningham -- Texas Water Future 

Edward Drusina -- International Boundary and Water 
Commission 

Marianne Dwight --  

Gabriel Eckstein -- Texas A&M University 

Allison Elder -- San Antonio River Authority 

David Ellis -- Texas A&M Transportation Institute 

Ali Fares -- Texas A&M University-Prairie View 

Liz Fazio -- Texas Water Foundation 

James Fischer -- Texas A&M Engineering Extension Service 

James Fletcher -- Texas Water Future 

Joe Fox -- Texas A&M University-Corpus Christi 

Carl Ganter -- Circle of Blue 

Juan Gomez -- University of Texas San Antonio-TSERI 

Heather Griffith Peterson -- Texas A&M University System 

Mario Guel -- Texas A&M University-Galveston 

Javier Guerrero -- Texas A&M University-Kingsville 

Karen Guz -- San Antonio Water System 

Ashley Hunter -- HMM Risk Group 

Kathleen Jackson -- Texas Water Development Board 

Karin Krchnak -- World Wildlife Fund (WWF) 

Rattan Lal -- The Ohio State University 

Martha Landwehr -- Texas Chemical Council 

Richard Lawford -- Future Earth/Morgan State University 

Ying Li -- Texas A&M University 

Jerry Lin -- Lamar University 

Tom Linton -- Texas A&M University-Galveston 

Jingbo Liu -- Texas A&M University-Kingsville 

Cindy Loeffler -- Texas Parks and Wildlife Department 

Cynthia Lyle -- Texas A&M University-Corpus Christi 

Erika Mancha -- Texas Water Development Board 

Missy Mandell -- Mandell & Associates 

Howard Marquise -- Northwest Vista College 

Terry McDevitt -- Texas A&M University System 

Peyton McGee -- Institute for Science, Technology, and 
Public Policy 

Trey Mebane -- National Oilwell Varco 

Rabi Mohtar -- WEF Nexus Initiative 

Lyda Creus Molanphy -- Connections Consulting 

Oscar Munoz -- Texas A&M University 

Wesley Patrick -- Southwest Research Institute 

Charles Porter -- St. Edward's University 

Kent Portney -- Bush School of Government and Public 
Service 

Robert R Puente -- San Antonio Water System 

Steven Raabe -- San Antonio River Authority 

Sarah Richards -- Cynthia & George Mitchell Foundation 

Rudolph Rosen -- Texas A&M University-San Antonio 

Brenda Rushing -- Texas A&M University-San Antonio 

Peter Saundry -- National Council for Science and the 
Environment 

Kodi Sawin -- Sawin Group 

Sarah Schlessinger -- Texas Alliance of Groundwater 
Districts 

Stephen Searcy -- Texas A&M University 

Tushar Sinha -- Texas A&M University-Kingsville 

Josephine Sosa-Fey -- Texas A&M University-San Antonio 

Brian Stipe -- Texas A&M Engineering Extension Service  

Bill Stockton -- Texas A&M Transportation Institute 

Susan Stuver -- Texas A&M AgriLife Research 

Enid J Sullivan Graham -- Los Alamos National Laboratory 

Aarin Teague -- San Antonio River Authority 

Kenneth Tobin -- Texas A&M University-International 

Rudolfo Valdez -- Texas A&M University-San Antonio 

Jasper van Heesch -- OmniEarth Data and Analytics 

Jorge Vanegas -- College of Texas A&M University 

Arnold Vedlitz -- Bush School of Government and Public 
Service 

Jennifer Walker -- Sierra Club, Lone Star Chapter 

Cindy Wall -- Texas A&M Engineering Experiment Station 

Jim Wall -- Texas A&M Engineering Experiment Station 

Gina Warren -- Texas A&M University-Galveston 

Steven Whisenant -- Texas A&M AgriLife Research 

Katherine Zodrow -- Rice University 
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Resou rc e  Nexu s :
Fo rum H o st

Dr.  Jon  Mogford  –  V ice  Chance l lor  for  Research ,  Texas  A&M Univers i ty  System

Organi zer  and  Fac i l i tato r

D r.  R a b i  M o hta r  –  T E ES  P ro fe s s o r,  D e p a r t m e nt s  o f  C i v i l  a n d  o f  B i o l o g i ca l  a n d 
Agricultural Engineering, WEF Nexus Initiative, Texas A&M University, College Station

Master  o f  C eremo ni es

Dr. Rudolph Rosen – Director, Institute for Water Resources Science and Technology, 
Texas  A&M Uni vers i ty  -  San  Anton i o

Plenar y  Sess ion :  The  Water  C ha l l enge  Pane l  D i s c us s i o n

Mo derato r

Car l  Ganter  –  Co-Founder,  C i rc le  o f  B lue

Panel i st s

Rob ert  Peu ente  –  Pres ident ,  San  Anton io  Water  System
Kath l een  Jacks on  –  Cha i r,  Texas  Water  Deve l opment  Board

Ed ward  Dru s in a  –  Commiss ioner,  Internat iona l  Boundar y  Water  Comm i ss i on
Kar in  Krch n ak  –  D i rector,  F reshwater  Program,  Wor ld  Wi ld l i fe  Fund 

Plenary Session: Multi-Stakeholders Landscape of the Water Challenge

Mo derato r

Richard  Law ford  –  Future  Ear th

Panel i st s

•  Rattan  La l  –  Professor,  The  Oh io  S tate  Un ivers i ty
Richard  Law ford  –  Future  Ear th

Dr.  Monty  A l ger  –  D i rector,  Inst i tute  for  Natura l  Gas  Research
Dr. Peter Saundry – Chief Scientist, National Council for Science and the Environment

B reako ut  fac i l i tato rs

Water-Hydra u l i c  F rac tur i ng -Trans po rtat i o n  N exus

Dr.  B i l l  S tockton  –  Texas  A&M Transportat ion  Inst i tute
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Dr.  Dav id  E l l i s  –  Texas  A&M Transportat i on  Inst i tute
Dr.  A l i  Fares  –  Prar ie  V iew A&M Univers i ty

Dr.  Rab i  Mohtar  –  Texas  A&M Nexus  In i t i at i ve

Ca pac i ty  Bu i l d i ng

Dr.  Jorge  Vanegas  –  Texas  A& M Un i vers i t y  C o l l ege  o f  Arc h i tec t u re

Nexus  Publ i c  Opi n i o n  S ur vey

Dr. Arnie Vedlitz – Texas A&M University Bush School of Government and Public Service
 Dr. Kent Portney – Texas A&M University Bush School of Government and Public Service

Water  L aw/Po l i c y

Dr.  Gabr i e l  Eckste i n ,  Texa s  A& M S c h oo l  o f  Law

Water  Forum and  Te c hnology  Road map
Fo rum H o st

Dr.  Cynth ia  Mats on  –  Pres ident ,  Texas  A&M Uni vers i ty  San  Anton i o

Organi zer

Dr.  Rudolph Rosen –  Director,  Inst i tute for  Water  Resources  Sc ience and Technology, 
Texas  A&M Uni vers i ty  -  San  Anton i o

Master  o f  Ceremoni es  and  Wo r ks ho p  Fac i l i tato r

Dr.  Jorge  Van egas  –  Dean ,  Co l lege  o f  Arch i tecture ,  Texas  A&M Univers i ty-Co l lege 
S tat i on  an d  Profes s or,  Texas  A&M Eng ineer ing  Exper iment  S tat ion

Wor ks ho p  Fac i l i tato rs

Dr.  Lu i s  A .  C i f u ente  - -  V i ce  Pres id ent ,  D iv i s ion  o f  Research ,  Commerc ia l i zat ion  and 
Ou treach ,  Texas  A&M Uni vers i ty–Corpus  Chr i st i

Dr. Wesley Patrick  – Vice President,  Geosciences and Engineering Divis ion,  Southwest 
Res earch  Inst i tute ,  San  Anton io

M s .  C i n d y  Wa l l  –  A s s i s t a n t  A g e n c y  D i r e c t o r  fo r  Re g i o n a l  D i v i s i o n s ,  Texa s  A & M 
En g in eer in g  Exp er iment  S tat ion ,  Co l lege  S tat ion

Dr.  Jame s  Wal l  - -  Execu t ive  D i rector,  Texas  Center  for  App l ied  Techno logy,  Texa s 
A&M E n g in eer in g  Exper iment  S tat ion ,  Co l lege  S tat ion 

 Rep ort  Ed i tors
Dr. Rabi Mohtar – TEES Professor, Departments of Civil  and of Biological and Agricultural 

Engineering,  WEF Nexus Init iat ive,  Texas A&M University,  Col lege Stat ion

Dr.  Rudolph Rosen –  Director,  Inst i tute for  Water  Resources  Sc ience and Technology, 
Texas  A&M Uni vers i ty-  San  Anton io
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Append ix  IV  — Forum Webs i te

T he forum was  supported  through a  webs i te .  Th is  s i te  can  be  ac-
cessed at  http://www.tamus.edu/research/tamus-resource-nex-

us -water- forum/
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