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Human Water Use and Environmental Human Water Use and Environmental 
Flows (Flows (eFlowseFlows) are Intimately Connected) are Intimately ConnectedFlows (Flows (eFlowseFlows) are Intimately Connected) are Intimately Connected

Brisbane Declaration recognized this…Brisbane Declaration recognized this…
eFlowseFlows = the quantity, timing, and quality of water = the quantity, timing, and quality of water 
flows required to sustain freshwater and estuarine flows required to sustain freshwater and estuarine 
ecosystems and the human livelihood and wellecosystems and the human livelihood and well--yy
being that depend on these ecosystems. being that depend on these ecosystems. 

Growing societal interest in Growing societal interest in eflowseflows

http://www.riverfoundation.org.au/http://www.riverfoundation.org.au/



Global Global eFloweFlow EffortsEfforts

NGO’sNGO’s ----The Nature Conservancy, World The Nature Conservancy, World y,y,
Wildlife  FundWildlife  Fund

Government’sGovernment’s ---- EU Water Framework EU Water Framework 
Directive, Australia, South Africa, Tanzania, Directive, Australia, South Africa, Tanzania, 
Vietnam, China, ColombiaVietnam, China, Colombia

USUS ---- Arizona, Colorado, Connecticut, Georgia, Arizona, Colorado, Connecticut, Georgia, 
Maine, Massachusetts, Michigan, Missouri, New Maine, Massachusetts, Michigan, Missouri, New 
Jersey, Oklahoma, Pennsylvania, Texas, Jersey, Oklahoma, Pennsylvania, Texas, 
Virginia, Washington , Mississippi River BasinVirginia, Washington , Mississippi River Basin



Implementation Challenge Implementation Challenge 
Regulatory authority over water Regulatory authority over water quantityquantity
issues as they relate to Clean Water Actissues as they relate to Clean Water Actissues as they relate to Clean Water Act issues as they relate to Clean Water Act 
authorityauthority
Need supporting scienceNeed supporting scienceNeed supporting scienceNeed supporting science

We know:We know:
•• Flow variability influences ecological Flow variability influences ecological y gy g

process and patternprocess and pattern
FlowFlow--ecology relationsecology relations

•• Flow alteration induces ecological changeFlow alteration induces ecological change•• Flow alteration induces ecological changeFlow alteration induces ecological change
Quantitative relationsQuantitative relations

We also know …We also know …



•• Multiple Stressors Multiple Stressors 
i fl l i li fl l i linfluence ecological influence ecological 
conditioncondition

•• “Noisy” flow alteration“Noisy” flow alteration ––•• Noisy  flow alteration Noisy  flow alteration ––
ecological response ecological response 
relations are the normrelations are the norm

•• Need creative Need creative 
approachesapproaches

•• Challenge: How to Challenge: How to 
develop “simple” develop “simple” 
models that accountmodels that account

DudgeonDudgeon et al., 2006et al., 2006

models that account models that account 
for human WU and for human WU and 
supports regulatorysupports regulatorysupports regulatory supports regulatory 
implementation?implementation?



Flow variability and the vitality of riversFlow variability and the vitality of rivers

Flow variability shapes the Flow variability shapes the 
physical chemical and biologicalphysical chemical and biologicalphysical, chemical and biological physical, chemical and biological 
attributes and functioning of attributes and functioning of 
riverine systemsriverine systems

Channel form and habitat complexityChannel form and habitat complexityChannel form and habitat complexityChannel form and habitat complexity
LifeLife--history patternshistory patterns
Lateral and longitudinal connectivityLateral and longitudinal connectivity
Resistance to species invasionsResistance to species invasionsResistance to species invasionsResistance to species invasions

At the same time, human societies At the same time, human societies 
modify natural flow regimes to modify natural flow regimes to 
provide dependable ecological provide dependable ecological 
services and to seek protection services and to seek protection 
from floods and droughtsfrom floods and droughts



Major hurdles to linking ecological Major hurdles to linking ecological 
responses to riverine hydrologyresponses to riverine hydrologyresponses to riverine hydrologyresponses to riverine hydrology

Devising testable hypothesesDevising testable hypotheses 
from general principles

Informing decision
Generating simple 

d l h
Informing decision 

support tools
models that are 

realistic, mechanistic 
and defendable

Accounting for humanAccounting for human 
water use



Hydroecological Integrity Assessment Hydroecological Integrity Assessment 
Process (HIP)Process (HIP)Process (HIP)Process (HIP)

USGS WRD / BRDUSGS WRD / BRD--
developed HIP as adeveloped HIP as adeveloped HIP as a developed HIP as a 
method to determine method to determine 
the minimum the minimum 
streamflow needed streamflow needed 
to adequately protectto adequately protectto adequately protect to adequately protect 
aquatic aquatic biotabiota
Developed Developed in NJ and in NJ and 
is currently being is currently being 

li d i lli d i lapplied in several applied in several 
other states, e.g., other states, e.g., 
MO, MA, TX, .MO, MA, TX, .

http://www.fort.usgs.gov/HIP/http://www.fort.usgs.gov/HIP/ http://pubs.usgs.gov/sir/2007/5206/http://pubs.usgs.gov/sir/2007/5206/



Hydroecological Integrity Assessment Hydroecological Integrity Assessment 
Process (HIP)Process (HIP)Process (HIP)Process (HIP)

Process relies on three Process relies on three 
primary softwareprimary software tools:tools:primary software primary software tools:tools:

HIT HIT ––Hydrologic Index ToolHydrologic Index Tool

SCT SCT ––Stream Classification ToolStream Classification Tool

NJHATNJHAT Ne Jerse H drologicNe Jerse H drologicNJHAT NJHAT ––New Jersey Hydrologic New Jersey Hydrologic 
Assessment ToolAssessment Tool



NJHAT Analysis ToolsNJHAT Analysis Tools

Exceedence plot for pre and post

Trend Analysis

Exceedence plot for pre and post 
time periods profiles

Pre and post baseline 
comparison

Minimum flows for three time periodsMinimum flows for three time periods



Cooper RiverCooper River

1)  WU
2) Regionalized 

WWT

(Poff et al. 1997)



Cooper RiverCooper River

(Poff et al. 1997)



Recent Application of the HIP Approach Recent Application of the HIP Approach 

NJ Pinelands NJ Pinelands ---- Evaluating natural and humanEvaluating natural and human--
induced changes in stream flow regime on fish induced changes in stream flow regime on fish 
and aquatic invertebrate assemblages in the and aquatic invertebrate assemblages in the 
New Jersey Pinelands.New Jersey Pinelands.

Primary QuestionPrimary Question ---- Can we evaluateCan we evaluatePrimary Question Primary Question Can we evaluate Can we evaluate 
ecosystem response to hydrologic stress based ecosystem response to hydrologic stress based 
on water use scenarios and develop simple on water use scenarios and develop simple p pp p
statistical models that can be used in a statistical models that can be used in a 
management context? management context? 

(Poff et al. 1997)



KirkwoodKirkwood--Cohansey ProjectCohansey Project
A h d l i l i ti ti i thA h d l i l i ti ti i thA hydroecological investigation in the A hydroecological investigation in the 

New Jersey PinelandsNew Jersey Pinelands

New Jersey Pinelands CommissionNew Jersey Pinelands Commission
U S Geological SurveyU S Geological SurveyU.S. Geological SurveyU.S. Geological Survey
Rutgers UniversityRutgers University
U.S. Fish and Wildlife ServiceU.S. Fish and Wildlife Service
NJ Department of EnvironmentalNJ Department of EnvironmentalNJ Department of Environmental NJ Department of Environmental 
ProtectionProtection



ProblemProblem

Human demandHuman demand for waterfor waterHuman demand Human demand for water for water 
from the aquifer system is from the aquifer system is 
increasing as planned increasing as planned 

th ithi &th ithi &growth occurs within & growth occurs within & 
around the Pinelands areaaround the Pinelands area

The effects of changes in The effects of changes in 
ground water use on the ground water use on the 
ecology of the Pinelandsecology of the Pinelandsecology of the Pinelands ecology of the Pinelands 
are poorly understoodare poorly understood



LegislationLegislation

P.L. 2001,P.L. 2001, chch. 165 directs named partners to:. 165 directs named partners to:P.L. 2001, P.L. 2001, chch. 165 directs named partners to: . 165 directs named partners to: 

“assess and prepare a report on the key “assess and prepare a report on the key 
hydrologic and ecological information necessaryhydrologic and ecological information necessaryhydrologic and ecological information necessary hydrologic and ecological information necessary 
to determine how the current and future water to determine how the current and future water 
supply needs within the Pinelands area may be supply needs within the Pinelands area may be pp y ypp y y
met while protecting the Kirkwoodmet while protecting the Kirkwood--Cohansey Cohansey 
aquifer system and while avoiding any adverse aquifer system and while avoiding any adverse 
ecological impact on the  Pinelands area.”ecological impact on the  Pinelands area.”



Hydrologic Assessment / InfrastructureHydrologic Assessment / Infrastructure

Depth of water

WU ET

Water Budget
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WU ET
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Wetland/  
aquifer 
interactions



Human Water Use Human Water Use –– GW PumpingGW Pumping

Pumping lowers the Pumping lowers the 
t t bl i tht t bl i thwater table in the water table in the 

surrounding area, surrounding area, 
including wetlandsincluding wetlandsgg
Drawdown Drawdown 
magnitudemagnitude and and gg
extentextent are concernsare concerns
Pumping for human Pumping for human 
use will also divert use will also divert 
discharge or induce discharge or induce 
changes in flowchanges in flowchanges in flow.changes in flow.



Simulate Changes in Depth to Water TableSimulate Changes in Depth to Water Table

Hypothetical 
pumping well

Depth to
Depth to 

water without 
pumping

Depth to 
water with 
pumping

pumping

Hypothetical 
pumping well

Example: Example: 
McDonalds McDonalds 

BranchBranch pumping wellBranchBranch



Invertebrate & Fish AssessmentsInvertebrate & Fish Assessments

Comprehensive aquatic invertebrate sampling Comprehensive aquatic invertebrate sampling ––
mod. MACS Protocolmod. MACS Protocolmod. MACS Protocolmod. MACS Protocol
ElectrofishedElectrofished & seined100 m sampling reaches.& seined100 m sampling reaches.

oo High & low flow periodsHigh & low flow periods
Id tifi d t i TL WtId tifi d t i TL Wtoo Identified to species, TL, Wt. Identified to species, TL, Wt. 

Water Quality and Staff measurementsWater Quality and Staff measurements
Habitat assessment (stream and riparian)Habitat assessment (stream and riparian)Habitat assessment (stream and riparian)Habitat assessment (stream and riparian)



Generalized ApplicationGeneralized Application

HYPOTHETICAL RESULTS
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FlowFlow--ecology Response Relationsecology Response Relations

(Poff et al. 1997)

InvertebratesInvertebrates



General Flow Chart of hydrologic analysisGeneral Flow Chart of hydrologic analysis

(A) MODFLOW  (A) MODFLOW  SimSim vsvs
ObsObs forfor Alberson’sAlberson’s BrookBrook

(B) 3 GW withdrawal (B) 3 GW withdrawal 
scenarios at scenarios at --5, 5, --10, & 10, & --
15 CFS15 CFS

(C) (C) Predict potential Predict potential 
h i fl t “I dh i fl t “I d

(E) Predict potential change in (E) Predict potential change in 
change in flow at “Index change in flow at “Index 
Gage”Gage”

( ) p g( ) p g
flow at other gaging locations flow at other gaging locations 
w/in index basin, e.g., Batsto w/in index basin, e.g., Batsto 
BasinBasin

(D) MOVE 1 at (D) MOVE 1 at 
Sites X, Y, Z…Sites X, Y, Z…



FlowFlow--Alteration Ecological Response Alteration Ecological Response 
RelationsRelationsRelationsRelations

(Poff et al. 1997)

InvertebratesInvertebrates



Other DirectionsOther DirectionsOther Directions. . . .Other Directions. . . .

TMDL’TMDL’ ??TMDL’sTMDL’s??
Linkages with SW &Linkages with SW &

Cli t Ch ?Cli t Ch ?

Linkages with SW & Linkages with SW & 
GW flow models?GW flow models?

National WaterNational Water
Climate Change?Climate Change?
National Water National Water 
CensusCensus——CR, CR, 
DR & ACFDR & ACFDR & ACFDR & ACF



Water Availability for Human and Water Availability for Human and 
E l i l N dE l i l N dEcological NeedsEcological Needs

It’s not necessarily a question of howIt’s not necessarily a question of howIt s not necessarily a question of how It s not necessarily a question of how 
much water a river needs, but how much water a river needs, but how 
much can much can flow regimes be flow regimes be altered altered 
before having an appreciable affect on before having an appreciable affect on 
ecosystem integrity. ecosystem integrity. 

Ultimately, a balance needs to be Ultimately, a balance needs to be 
established between water supply established between water supply estab s ed bet ee ate supp yestab s ed bet ee ate supp y
intended intended to meet human needs and to meet human needs and 
conservation of biological integrity.conservation of biological integrity.



(Poff et al. 1997)



(Poff et al. 1997)



KIRKWOODKIRKWOOD--COHANSEY AQUIFER COHANSEY AQUIFER 
SYSTEM WITHDRAWALS 2005SYSTEM WITHDRAWALS 2005SYSTEM WITHDRAWALS, 2005SYSTEM WITHDRAWALS, 2005

EXPLANATION

(MGY) (MGY)
0 - 10

10 - 50

50 - 100

100 - 300

300 - 700

McDonalds 
Branch

PINELANDS AREA

K-C AQUIFER SYSTEM

Morses MillMorses Mill 
Stream

Albertsons 
Brook

(Poff et al. 1997)


