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The	
  Vision:	
  

•  Pull	
  together	
  interdisciplinary	
  exper/se,	
  global	
  
human	
  capital	
  and	
  resources,	
  modeling	
  frameworks,	
  
data,	
  and	
  local	
  partnerships	
  to	
  understand	
  the	
  
workings	
  of	
  these	
  complex	
  coupled	
  socio-­‐ecological	
  
systems	
  and	
  inform	
  sustainable	
  management	
  and	
  
policy	
  decisions	
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Stressors	
  and	
  
Vulnerability	
  	
   Modeling	
   Data	
  	
   Local	
  

partnerships	
  	
  



(1)  How do climate change, pressure on resources, and engineering/ 
infrastructure development make people, biodiversity, and delta 
ecosystems vulnerable?  -- cascade of stressors  

(2)  How is delta vulnerability to be measured?  -- metrics of change 
(3)  How do delta areas absorb extreme events? What are the 

hydrological and ecological thresholds underlying the integrity of 
a delta region?  -- threshold behavior 

(4)  What are the relevant local and regional hydrological, 
biophysical and social stressors for a particular delta system, how 
do these interact, and how do they vary spatially and over time? 
– local to regional scales  

(5)  How can one reduce future risk while attaining sustainable 
development? – actionable scenario building  

Major science questions   
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1.  Advance	
  science	
  on	
  resilience	
  and	
  sustainability	
  of	
  deltas	
  as	
  cri/cal	
  coupled	
  
socio-­‐ecological	
  systems	
  undergoing	
  change	
  (Delta-­‐SRES)	
  

2.  Develop	
  and	
  deliver	
  a	
  science-­‐based	
  delta	
  sustainability	
  framework	
  for	
  risk	
  
assessment	
  and	
  decision	
  support	
  (Delta-­‐RADS)	
  

3.  Build	
  an	
  interna/onal	
  repository	
  of	
  data	
  sets	
  including	
  physical,	
  social,	
  and	
  
economic	
  data	
  (Delta-­‐DAT)	
  

4.  Develop	
  Global	
  Delta	
  Vulnerability	
  Indices	
  that	
  capture	
  the	
  current	
  and	
  
projected	
  physical-­‐social-­‐economic	
  status	
  of	
  deltas	
  around	
  the	
  world	
  (Delta-­‐
GDVI)	
  

5.  Implement	
  and	
  demonstrate	
  the	
  developed	
  modeling	
  and	
  decision	
  support	
  
framework	
  in	
  selected	
  deltas	
  in	
  partnership	
  with	
  local	
  stakeholders,	
  and	
  
open	
  to	
  door	
  for	
  global	
  use	
  and	
  adop/on	
  (Delta-­‐ACT)	
  

Work Packages (WPs)  
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 Delta  
Vulnerability 
& Resilience  

Analysis 

•  Prototyping  
     in 3 deltas: 

•  Extend to other deltas  

•  Data storage 

•  Visualisation 

•  Spatial (GIS) 
analyses 

Mekong 

GBM 

•  Integrated model 
development 

•  Scenario testing 

Amazon 
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A	
  Few	
  Highlights	
  
1.  Delta	
  network	
  analysis	
  and	
  vulnerability	
  to	
  change	
  (Delta-­‐SRES)	
  
2.  Models:	
  	
  from	
  physics	
  to	
  decision	
  support	
  tools	
  (Delta-­‐RADS)	
  
3.  Historical	
  trends	
  in	
  demographic	
  and	
  bio-­‐physical	
  parameters	
  

(Delta-­‐DAT/ACT)	
  
4.  Climate-­‐human-­‐landscape	
  coupling	
  (Delta-­‐SRES/RADS)	
  
5.  Global	
  Vulnerability	
  indices	
  (Delta-­‐GDVI)	
  
6.  Stakeholder	
  Partnership	
  (Delta-­‐ACT)	
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   1- Delta Networks and Vulnerability   

Overall	
  Ques;on:	
  How	
  does	
  delta	
  connec/vity	
  (in	
  
process	
  and/or	
  structure)	
  control	
  the	
  overall	
  
system	
  robustness	
  to	
  change?	
  
	
  
Approach:	
  

Develop	
  a	
  framework	
  that	
  can	
  allow	
  probing	
  
into	
  the	
  delta	
  system	
  connec/vity	
  in	
  a	
  
systema/c	
  way	
  and	
  evalua/ng	
  system	
  
changes	
  in	
  view	
  of	
  changes	
  in	
  one	
  or	
  more	
  of	
  
its	
  connected	
  components	
  (vulnerability	
  
analysis)	
  

Have	
  developed:	
  
1.  A	
  rigorous	
  framework	
  for	
  delta	
  network	
  analysis	
  of	
  topology	
  and	
  dynamics:	
  	
  

Extrac/ng	
  subnetworks,	
  Nourishment	
  Areas,	
  Upstream	
  Areas.	
  
2.  Use	
  this	
  framework	
  for	
  building	
  vulnerability	
  maps	
  
3.  Define	
  comparison	
  metrics	
  and	
  relate	
  those	
  metrics	
  with	
  measures	
  of	
  robustness	
  

0	
  

Wax	
  Lake	
  delta,	
  Louisiana	
  Coast,	
  USA	
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     1- Delta Networks and Vulnerability   

14	
  



10	
  km	
  

Yukon	
  
(Alaska)	
  

10	
  km	
  

Niger	
  
(Africa)	
  

10	
  km	
  

Irrawaddy	
  
(Myanmar)	
  

Colville	
  
(Alaska)	
  

1	
  km	
  

Wax	
  Lake	
  
(US)	
  

1	
  km	
  

Parana	
  
(Argen;na)	
  

10	
  km	
  

1	
  km	
  

Mossy	
  
(Canada)	
  

0	
     1- Delta Networks and Vulnerability   
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Can	
  delta	
  network	
  topology	
  and	
  dynamics	
  differen/ate	
  among	
  underlying	
  	
  
physical	
  process	
  and	
  vulnerability	
  to	
  change?	
  	
  



Experiment	
  DB03,	
  SAFL	
  –	
  see	
  Sheets	
  et	
  al.,	
  2007	
  
Gan/	
  et	
  al.,	
  JGR-­‐ES,	
  	
  2011,	
  2013	
  
	
  

St.	
  Anthony	
  Falls	
  Laboratory	
  
University	
  of	
  Minnesota	
  

2- Modeling :  
Laboratory Deltas 0	
  

Controlled	
  Laboratory	
  experiments:	
  	
  	
  Form	
  Deltaic	
  Surface	
  Evolu/on	
  &	
  Stra/graphy	
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Developing	
  of	
  Online	
  Resources	
  	
  Modeling	
  Examples	
  focused	
  on	
  3	
  DELTAS	
  case-­‐studies	
  

h^p://csdms.colorado.edu/wiki/Labs_WMT_Ganges_Sediment_Supply	
  

0	
  2- Modeling :  
Integrated Models 
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Developing	
  of	
  Online	
  Resources	
  	
  Modeling	
  Examples	
  focused	
  on	
  3	
  DELTAS	
  case-­‐studies	
  

h^p://csdms.colorado.edu/wiki/Labs_WMT_Ganges_Sediment_Supply	
  

0	
  2- Modeling :  
Integrated Models 
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h^p://csdms.colorado.edu/wiki/Labs_WMT_Ganges_Sediment_Supply	
  

0	
  2- Modeling :  
Integrated Models 
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A	
  coupled	
  model	
  run	
  of	
  WAVES,	
  CEM	
  (coastline	
  evolu/on	
  model),	
  Avulsion,	
  and	
  
HydroTrend.	
  The	
  wave	
  model	
  drives	
  longshore	
  sediment	
  transport.	
  Two	
  small	
  rivers	
  
enter	
  the	
  coastal	
  zone	
  and	
  deliver	
  sediment.	
  The	
  river	
  mouths	
  of	
  the	
  two	
  river	
  
prograde	
  over	
  the	
  100’s	
  of	
  years.	
  The	
  avulsion	
  is	
  dynamic,	
  and	
  happens	
  more	
  easily	
  
when	
  the	
  pathway	
  to	
  the	
  coast	
  becomes	
  longer.	
  



	
  	
  Retrieval	
  of	
  precipita/on	
  from	
  space	
  (TRMM/GPM)	
  	
  

(Ganges)	
   (Mekong)	
   (Amazon)	
  

2- Modeling:  
Precipitation/ Inundation 

GPM:	
  Global	
  Precipita/on	
  Measuring	
  Mission	
  	
  

Spa/al	
  correla/ons	
  between	
  	
  
inunda/on	
  and	
  precipita/on	
  	
  
over	
  a	
  per-­‐delta	
  op/mized	
  
rolling	
  window	
  

20	
  



Data	
  	
  
Collec;on	
  

•  Bangladeshi	
  Household	
  Income	
  and	
  Expenditure	
  Survey	
  	
  
•  Censuses,	
  demographic	
  and	
  health	
  surveys	
  (DHS),	
  and	
  

maternal	
  mortality	
  surveys	
  (BMMS)	
  
•  Demographic	
  Analysis:	
  	
  Popula/on	
  Projec/ons	
  
•  Analysis	
  of	
  budget	
  surveys:	
  	
  (Food,	
  Mi/ga/on,	
  Inequali/es)	
  

3- Trends: 
Demographic data 

Analysis	
  

•  Vietnamese	
  Household	
  Living	
  Standards	
  Survey	
  (HLSS)	
  
•  Historical	
  trends	
  in	
  selected	
  social	
  and	
  environmental	
  

indicators	
  from	
  the	
  Mekong	
  River	
  Commission	
  (MRC)	
  
•  Analysis	
  of	
  budget	
  surveys	
  

•  Consumer	
  Expenditure	
  Surveys	
  have	
  been	
  obtained	
  from	
  
the	
  Brazilian	
  Sta/s/cal	
  Office	
  (IBGE).	
  

0	
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0	
  3- Trends: 
Shoreline Erosion 

Mekong Delta shoreline variations (1965 – 2014)  
ANALYSIS OF 6000 shoreline transects (100 m spacing) using Landsat and very high-

resolution SPOT 5 images 

1.  Disentangle	
  the	
  role	
  of	
  
human	
  vs.	
  natural	
  processes	
  
in	
  shoreline	
  vulnerability	
  
(mangrove	
  clearance,	
  
modifica/on	
  of	
  sediment	
  
supply,	
  modifica/on	
  of	
  delta	
  
plain).	
  

2.  Sustainable	
  shoreline	
  
management	
  cells,	
  and	
  
op/ons	
  for	
  the	
  future.	
  
Recommenda/ons	
  regarding	
  
river	
  sediment	
  husbandry	
  
(channel-­‐bed	
  mining,	
  future	
  
dams).	
  

	
  TRENDS	
  INFORMING	
  DECISIONS	
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3- Trends: 
Sundarban Erosion/Accretion 

0	
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     3- Trends: 
Land Use / Population Expansion  

0	
  

1990	
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     3- Trends: 
Land Use / Population Expansion  

0	
  

2003	
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     3- Trends: 
Land Use / Population Expansion  

0	
  

2013	
  

Kolkata’s urban agglomerate 
accounted for an increase of over 
a million people in the last decade 
alone 

26	
  



     3- Trends: 
Land Use / Population Expansion  

POPULATION	
  CHANGE	
  –	
  MUNICIPALITIES	
  	
  	
  	
  	
  (1991-­‐2010)	
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100

kmSource: IPEA, IBGE
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-­‐  Climate-­‐human-­‐landscape	
  interac7ons	
  increase	
  flood	
  poten7al	
  

4-­‐	
  Climate-­‐human-­‐landscape	
  Coupling 

Tidal	
  inundated	
  island	
  	
  	
  	
  	
  	
  	
  	
  	
  
18	
  months	
  a\er	
  Cyclone	
  Aila,	
  May	
  2009	
  
	
  
	
   28	
  



 

 

Figure 2. | Results of the GPS elevation survey (Polder 32 transects in colored circles; Sundarbans 
transects in black triangles) and spring-neap tidal cycles (gray line), and conceptual model of the 
poldered and natural landscapes.  The Sundarbans platform and river terraces outboard of Polder 32 
are positioned at +2.65±0.10 m relative to EGM96 datum and flood during spring high tides.  Polder 
embankment elevations range from +3.7±0.10 m to +4.6±0.10 m. The poldered landscape is positioned 
at +1.5±0.10 m and, in the absence of embankment protection, is flooded at every high tide.   

 

4-­‐	
  Climate-­‐human-­‐landscape	
  Coupling 
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5-­‐	
  Global	
  Indices	
  of	
  Vulnerability	
  	
  	
  	
  	
  	
  	
   
Anthropogenic	
  Stress	
  and	
  Coastal	
  hazard	
  intensity	
  indices 
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Es/mated	
  rate	
  of	
  change	
  of	
  risk	
  due	
  to	
  anthropogenic	
  
stress	
  (land	
  subsidence,	
  wetland	
  loss…)	
  

•  Amazon,	
  Mekong,	
  and	
  Ganges	
  occupy	
  
very	
  different	
  places	
  in	
  the	
  risk	
  space.	
  

•  Amazon	
  –	
  low	
  anthropogenic	
  stress,	
  
moderate	
  hazard	
  frequency/intensity,	
  
moderate	
  governance	
  score.	
  	
  Low	
  
rate	
  of	
  change	
  of	
  risk	
  due	
  to	
  
anthropogenic	
  stress	
  

•  Mekong	
  –	
  moderate	
  anthropogenic	
  
stress,	
  low	
  hazard	
  frequency/
intensity,	
  moderate/low	
  governance	
  
score.	
  	
  Moderate/low	
  risk	
  rate	
  of	
  
change	
  

•  Ganges	
  –	
  very	
  high	
  anthropogenic	
  
stress,	
  moderate	
  hazard	
  frequency/
intensity,	
  low	
  governance	
  score.	
  	
  
Very	
  high	
  risk	
  rate	
  of	
  change.	
  

Anthropogenic	
  Stress	
  and	
  Coastal	
  hazard	
  intensity	
  indices 
5-­‐	
  Global	
  Indices	
  of	
  Vulnerability	
  	
  	
  	
  	
  	
  	
   

Anthropogenic	
  

Ha
za
rd
	
   Go

ve
rn
an
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Local	
  consulta;ons	
  in	
  the	
  three	
  demonstra/on	
  deltas	
  at	
  the	
  sub-­‐
delta	
  scale	
  (Mekong:	
  2-­‐3	
  April	
  2014,	
  Ganges:	
  	
  3-­‐4	
  September	
  
2014,	
  Amazon:	
  early	
  2015)	
  

(Stakeholder	
  mee/ngs)	
  	
  

6-­‐	
  Stakeholder	
  Partnership 



Approach	
  and	
  progress	
  
Local	
  consulta;ons	
  in	
  the	
  three	
  demonstra/on	
  deltas	
  at	
  the	
  sub-­‐

delta	
  scale	
  (Mekong:	
  2-­‐3	
  April	
  2014,	
  Ganges:	
  	
  3-­‐4	
  September	
  
2014,	
  Amazon:	
  early	
  2015)	
  

Iden/fica/on	
  of	
  	
  a	
  set	
  of	
  indicators	
  as	
  a	
  joint	
  outcome	
  of	
  the	
  
desk-­‐based	
  studies	
  and	
  the	
  3	
  local	
  consulta/ons	
  	
  

Collec/on	
  of	
  secondary	
  and	
  spa;al	
  data	
  -­‐>	
  assessment	
  	
  	
  

	
  	
  	
  	
  Feedback	
  to	
  the	
  delta	
  model	
  

6-­‐	
  Stakeholder	
  Partnership 



Deltas-­‐in-­‐Prac;ce	
  Workshop:	
  	
  	
  
“Science-­‐to-­‐Ac;on:	
  Aligning	
  science	
  with	
  stakeholder	
  

community	
  needs	
  in	
  the	
  Mekong	
  and	
  other	
  delta	
  systems”	
  

…	
  This	
  workshop	
  will	
  link	
  stakeholders	
  and	
  policy	
  makers	
  at	
  the	
  local	
  and	
  regional	
  scale	
  with	
  scien/sts	
  
to	
  iden/fy	
  key	
  informa/onal	
  needs	
  and	
  knowledge	
  gaps	
  and	
  to	
  co-­‐design	
  a	
  research	
  strategy	
  to	
  
improve	
  the	
  reliability	
  and	
  access	
  to	
  informa/on.	
  	
  The	
  Mekong	
  delta	
  system	
  will	
  be	
  a	
  case	
  study,	
  and	
  
we	
  will	
  emphasize	
  the	
  applicability	
  of	
  results	
  and	
  strategies	
  to	
  and	
  from	
  other	
  delta	
  systems	
  
worldwide.	
  
	
  

	
  
Deltas	
  in	
  Prac;ce	
  6:	
  	
  DP	
  6.3	
  (Friday	
  9	
  am	
  –	
  12	
  noon)	
  

6-­‐	
  Stakeholder	
  Partnership 

Join us!	
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  IYD	
  Sponsors	
  
Interna/onal	
  	
  
Union	
  of	
  	
  
Geodesy	
  and	
  
Geophysics	
  

Land-­‐Ocean	
  
Interac/ons	
  in	
  
the	
  	
  Coastal	
  Zone	
  

Interna/onal	
  	
  
Associa/on	
  of	
  
Hydrological	
  	
  
Sciences	
  

Interna/onal	
  	
  
Geographical	
  
Union	
  

Interna;onal	
  	
  
Associa;on	
  of	
  the	
  Physical	
  
Sciences	
  of	
  the	
  Ocean	
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1.  SD2015	
  is	
  a	
  statement	
  of	
  urgency	
  for	
  global	
  coopera/on,	
  a	
  call-­‐to-­‐arms	
  to	
  
the	
  global	
  community	
  of	
  ci/zens,	
  scien/sts,	
  policy	
  makers,	
  funders	
  

2.  SD2015	
  	
  is	
  a	
  mechanism	
  to	
  bring	
  countries	
  together	
  at	
  all	
  levels	
  of	
  science,	
  
policy,	
  decision	
  makers,	
  and	
  public	
  

3.  SD2015	
  is	
  an	
  opportunity	
  to	
  integrate	
  and	
  leverage	
  disparate	
  efforts	
  for	
  
accelera/ng	
  progress	
  

“Sustainable Deltas 2015 Initiative” 
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“Sustainable Deltas 2015 Initiative” 
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Thursday,	
  	
  09.00-­‐10.45	
  	
  Penn	
  Room	
  II	
  

Join us for the launch of SD2015!	





www.delta.umn.edu 

Affiliated	
  Projects 

FESD 
Delta Dynamic 
Collaboratory 



delta.umn.edu 



1.  Deltas	
  are	
  home	
  to	
  over	
  half	
  a	
  billion	
  people	
  (occupy	
  only	
  1%	
  of	
  the	
  world’s	
  land)	
  
2.  They	
  are	
  home	
  to	
  biodiverse	
  and	
  rich	
  ecosystems,	
  such	
  as	
  mangroves,	
  reedlands	
  

and	
  marshes	
  
3.  They	
  are	
  economic	
  hotspots,	
  food	
  baskets	
  for	
  many	
  na/ons,	
  suppor/ng	
  much	
  of	
  

the	
  world’s	
  fisheries,	
  forest	
  products,	
  and	
  extensive	
  agriculture	
  
4.  They	
  are	
  ports	
  of	
  entry	
  suppor/ng	
  significant	
  growing	
  ci/es	
  and	
  harbors	
  

Why Deltas?  

1.  Human	
  ac/ons	
  from	
  upstream	
  deplete	
  them	
  from	
  water	
  and	
  sediment	
  :	
  
on	
  a	
  global	
  scale	
  >40%	
  of	
  river	
  discharge	
  and	
  26%	
  of	
  sediment	
  are	
  being	
  
intercepted	
  by	
  large	
  reservoirs	
  

2.  Local	
  explora/on	
  contributes	
  to	
  subsidence,	
  loss	
  of	
  wetlands,	
  and	
  
accelerated	
  erosion	
  

3.  Sea	
  level	
  rise	
  increases	
  salinity	
  and	
  accelerates	
  land	
  loss	
  	
  
4.  Tropical	
  storms	
  and	
  cyclones	
  cause	
  devasta/ng	
  flooding	
  
	
  

YET	
  …	
  they	
  are	
  disappearing	
  at	
  an	
  alarming	
  rate	
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