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GOAL 

Knowledge-based decision support systems have been developed 

to support the restoration of wetlands to provide various functions. 

Wetland restoration may be used as part of voluntary public-private 

partnerships and incentive programs or for compliance with 

compensation requirements to offset wetland impacts. The 

Waterfowl and Augmentation Pond Site Assessment Model 

(WAPSAM) combines use of knowledge-based systems, multi-

criterion decision analysis techniques, and geographic information 

systems to represent the decision process for pond site evaluation 

to meet criteria for 1) streamflow augmentation to offset pumping 

depletions; 2) waterfowl habitat and wetland complex development; 

and 3) eligibility for habitat funding programs (Shrier et al. 2008).  
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INTEGRATION OF RULE BASES AND GIS WHAT DOES THIS HAVE TO DO WITH 

RIPARIAN HABITAT? 

The Lower South Platte River Basin of 

Colorado is largely an agricultural area in 

the Northeast corner of the state, 

bordering Nebraska (Fig. 1).  Several 

complex water management issues have 

arisen in this region, primarily associated 

with habitat restoration activities for the 

Three States Agreement for the Platte 

River and increasing water demands 

upstream in Denver and other parts of 

Coloradoôs ñFront Range.ò  Water 

management activities in the Lower South 

Platte region have accelerated in recent 

years in response to these issues, with 

several water stakeholders joining with 

the Colorado Division of Wildlife and 

Ducks Unlimited to form the South Platte 

Lower River Group or ñSPLRGò (Fig. 2). 

Recharge ponds mimic seasonal wetlands 

that would naturally form due to flooding.  

Published ñscientifically-basedò literature 

identifies multiple beneficial functions 

associated with seasonally-flooded wetland 

ponds in riparian areas.  Wildlife and 

waterfowl managers in the Lower South 

Platte (local experts) have identified 

potential habitat benefits for waterfowl from 

recharge ponds.  Ducks Unlimited and the 

Colorado Division of Wildlife worked with 

water managers to develop recharge pond 

features that would provide habitat benefits, 

as required for use of State Wildlife Areas 

for recharge ponds and other water 

management structures.  By incorporating 

habitat benefits into recharge ponds on 

private lands, landowners could be eligible 

for funding or tax incentives from programs 

such as US Fish and Wildlifeôs Partners for 

Fish and Wildlife; US Department of 

Agricultureôs WHIP and EQIP programs; and 

North American Waterfowl Conservation Act 

funds through Ducks Unlimited. 

Fig. 5 (left): knowledge sources for 

knowledge base.   

Fig. 5 (above): Snow Geese 

over  Bill Condonôs Recharge 

Ponds in Crook, Colorado 

(Photo by Bill Condon).  

Fig. 3 (top): Schematic of a 

recharge pond (Shrier 2004).     

Fig. 4 (bottom): GIS coverage of 

lower South Platte with USGS 

graphical representation of stream 

depletion factors (Jenkins 1968). 

For each of the rule bases, the majority of the rules considered by 

wildlife and water management decision-makers (ñmanagersò) 

involved spatial components.  Managers typically inspected sites 

in person and consulted maps to perform spatial analyses of 

potential benefits or costs associated with candidate recharge 

pond or wetland habitat sites.  Examples of spatial parameters 

included location of the site (e.g. for soil type); distance or 

proximity of the site to food sources or disturbances; and ñcountò 

of other nearby habitat types or protected areas, which was 

particularly important for the development of wetland complexes 

(multiple habitats in a single area).  The rules were programmed 

into Microsoft Excel (a program with which the managers were 

familiar) and linked with GIS coverages to perform spatial 

analyses as part of the decision process.  The resulting output 

reports were very transparent, containing explanations of each 

subcriterion rating as well as overall site rating.   

Knowledge bases were developed to represent the evaluation of 

pond sites for waterfowl habitat benefits, eligibility for habitat funding 

(ñprogrammaticò benefits), streamflow augmentation and water 

rights benefits, and costs for pond site development and operations. 
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Fig. 7 (above): Sources of ñscientifically basedò and 

ñlocalò knowledge for ñknowledge baseò development 
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One essential tool for water 

management in the Lower South 

Platte is managed groundwater 

recharge facility development, or 

ñrecharge pondsò (Fig. 3).  These 

facilities are a means by which the 

alluvial aquifers and streams are 

conjunctively managed to take 

advantage of the temporal variability in 

streamflows and the storage capacity 

of the aquifers.  The graphical 

representation of ñstream depletion 

factorsò from Jenkins (1968) can be 

used to determine the impacts of 

stream depletions from wells OR 

stream accretions from recharge 

ponds (Fig. 4). 

Fig. 1 (top): Lower South Platte River 

Basin (SPLRG 1996).   

Fig. 2 (bottom): Fall 1996 SLPRG 

Recharge and Habitat Demonstration 

Projects (SPLRG 1996). 
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SOME RECHARGE POND WATERFOWL HABITAT BENEFITS 

Wet ponds (spring)  Ą  bugs (protein for breeding) 

 

Ponds drain to mud flats Ą  seeds (carbohydrates for 

(fall)     overwintering) 

 

Locate recharge ponds to   create variety of habitats for 

support development of  Ą  waterfowl life cycle stages (e.g.  

ñwetland complexesò    mating, breeding, overwintering) 

Fig. 6 (above): water and 

wildlife managers at 

Tamarack Ranch State 

Wildlife Area, where 

recharge ponds were 

designed to maximize 

waterfowl habitat benefits. 

 

Both ñscientifically-

basedò knowledge and 

ñlocalò knowledge were 

incorporated into the 

development of rules by 

a ñknowledge engineerò 

to compile a ñknowledge 

baseò for use with the 

multicriterion decision 

analysis tools.  

Fig. 9: The outputs for each subcriterion 

and criterion evaluation were presented 

in a narrative format to increase 

transparency and ñbuy-inò by local 

experts and other decision makers on 

the outputs of the site evaluations. 

Fig. 8 a/b: Excel-based rules were linked 

with GIS coverages for spatial analysis. 

CONCLUSIONS 

Knowledge-based spatial decision 

support systems can be used to 

provide an automated decision 

support tool that captures and 

replicates the evaluation of 

potential pond sites for streamflow 

augmentation and waterfowl 

habitat.  Excel and GIS can be 

used to provide transparent 

outputs to maximize ñbuy-inò by 

decision makers , support 

regional analysis and planning, 

and foster cooperation between 

water users and habitat programs. 


