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Introduction

HERO Protocol
™ Protocol development
™ (Evolving) Vulnerability Protocol

Example – Sensitivity to Drought
™ Central Massachusetts (HERO-CM)
™ Central Pennsylvania (SRB-HERO)
™ High Pla ins Ogallala (HPO-HERO)
™ Southwest and Mexico Border 

(SOMBRHERO)
™ Cross-Site Comparison

Future Directions



Protocol Development

e-Delphi
e-Conferencing

Meetings

Meetings
Reports & Publications

Knowledge Management
e-Conferencing

Documents
Knowledge Management

e-Conferencing

e-Conferencing
Knowledge Management

Threaded E-mail
Discussions



(Evolving) Vulnerability Protocol

Exposure

™ Historical data
™ Climate change scenarios

Sensitivity & Adaptive Capacity
™ Historical analogs

™Archival research
™Interviews, surveys, etc.

™ Quantitative Indicators

Vulnerability = f(Exposure, Sensitivity, Adaptive Capacity)



PDSI for Central Massachusetts
1895 - 2001

-6.00

-4.00

-2.00

0.00

2.00

4.00

6.00

18
95

19
00

19
05

19
10

19
15

19
20

19
25

19
30

19
35

19
40

19
45

19
50

19
55

19
60

19
65

19
70

19
75

19
80

19
85

19
90

19
95

20
00P

al
m

er
 D

ro
u

g
h

t 
S

ev
er

it
y 

In
d

ex

PDSI for Centre County, PA
1895-2002
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PDSI for Southwest Kansas
1895 - 2001
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PDSI for  US SOMBRHERO Study Area 
1895 - 2001
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Exposure to Drought in Study Sites

Exposure is relatively low

Exposure to drought is relatively highExposure is not frequent, but relatively long when it 
occurs…

Exposure is heterogenous in space and time; 
Recent droughts less severe than past drought 



HERO-CM (Central Massachusetts)





Sensitivity and Adaptation to Drought

Sensitivity
™ Re sidentia l
™ Commerc ial/ industria l
™ Forestry/agricultura l
™ Tourism
™ Human & ecosystem health

Historical Adaptation
™ Integrative watershed management
™ Demand-side management involving stakeholders 

in conservation
™ Aquifer land protection
™ Drought planning/emergency management



Susquehanna River Basin (SRB-) HERO



Sensitivity and Adaptation to Drought

Surface systems more vulnerable than ground-
water systems 
Systems often shift to ground water as a result 
of the Safe Drinking Water Act 

In some cases regionalization might be 
effective, although evidence also suggests 
complex systems may be more vulnerable

Systems with full-time experienced water 
managers more likely to consider c limate 
variation and change in future planning



High Plains Ogallala (HPO-)HERO



Historical Adaptation to Drought

Irrigation—use of groundwater to overcome 
precipitation limits

™ Ogalla la depletion may limit the feasib ility of this 
response in the future

Dryland agriculture (c rops & rangeland), where 
irrigation water is not available



Southwest and Mexico Border Region 
(SOMBRHERO)



Sensitivity to Drought

Population Centers
™ Nogales, Sonora (Mexico)

™ No running water – drinking water purchases at high prices
™ Drought could ra ise price of water to prohib itive levels

™ Nogales, Arizona (US)
™ Downstream of Sonora
™ Sensitivity probably lower due to affluence
™ Pollution from maquiladoras

Rangeland
™ Heavy reliance on ra in-fed rangeland
™ Most probable impact is reduced herd size

Riparian Agriculture
™ Orchards and annual c rops



Adaptive Strategies

Mexico
™ More intensive 

agriculture
™ Fodder c rops

Intensive agriculture 
on Mexican side

US
™ Sea sonal grazing
™ Climate forecasts
™ Community water 

management system



Cross-Site Comparison

Inc rea sed groundwater use a s adaptive 
strategy
Community water system management

Smaller, poorer communities more at risk
Spec ific  industries more sensitive than others
Agricultural c rops

™ Sensitivity
™ Adaptive strategy



Future Directions

Inc rea sed interaction with stakeholders

™ Interviews, focus group s
™ Surveys

Development of quantitative indicators
Aggregation of multip le sensitivities and 
stressors

Dissemination of results


