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Outline

ÅWhy is coastal ecological flow assessment needed?

ÅDefining ecological flows and past work

ÅWhat data is out there for this effort? 

ÅWhat are challenges/limitations based on the data availability?

ÅWhat  aspects require more research and future efforts?



Why is coastal ecological flow 
assessment needed?

ÅFlow alterations have been shown to affect fish and 
macroinvertebrates.

ÅRecent evidence suggests that groundwater inputs and low flows 
may be declining along many Coastal Plain rivers.

ÅPopulation and economic growth in the Coastal Plain (and 
Piedmont) suggest we will need more water in the future 
presumably leading to less instream flows.

ÅChanges in climate, land use, and water use may affect streamflow 
and water quality. 

ÅBased on Session Law 2010-143, DEQ is required to develop 
basinwide hydrological models for each of NCôs 17 river basins to 
predict the places, times, and frequencies at which ecological flows 
may be adversely affected in North Carolina (NC DEQ 2013). 

ÅNC ecological flow efforts in the Piedmont didnôt cover the 
majority of the Coastal Plain, these streams may differ based on 
low slope, tidal influence, and salinity.



Defining ecological flows
ñstream flow necessary to protect ecological integrityò (amount and timing)

ecological integrity : ñthe ability of an aquatic system to support and maintain a balanced, integrated, adaptive 
community of organisms having a species composition, diversity, and functional organization comparable to 
prevailing ecological conditions and, when subject to disruption, to recover and continue to provide the natural 
goods and services that normally accrue from the systemò (NC DEQ 2013). 

Session Law 2010-143 (https://www.ncleg.net/EnactedLegislation/SessionLaws/HTML/2009 -2010/SL2010-
143.html) was enacted in response to concerns over water availability in North Carolina. 

Required NC DEQ to develop basinwide hydrological models for each of NCôs 17 river basins to evaluate if there is 
adequate water for all needs, essential water uses, and to predict the places, times, and frequencies at which 
ecological flows may be adversely affected in North Carolina (NC DEQ 2013). 

Coastal streams - present particular challenges for ecological flow assessment due to the lack of streamflow data in 
tidal areas, flow reversals from wind and tides, spatiotemporal variability of salinity in coastal waters, and complex 
river -gw interactions. 

https://www.ncleg.net/EnactedLegislation/SessionLaws/HTML/2009-2010/SL2010-143.html


Earlier Work by 
Coastal Ecological Flows Working Group

https:// files.nc.gov/ncdeq/Water%20Resources/files/eflows/sab/EFSAB_Final_Report_to_NCDENR.pdf

https://files.nc.gov/ncdeq/Water Resources/files/eflows/sab/EFSAB_Final_Report_to_NCDENR.pdf


by Scott Ensign

Earlier work by 
Coastal Ecological 
Flows Working 
Group 



Earlier work by Coastal 
Ecological Flows Working Group 
By Eban Bean and Mike Griffin

Origin by reach 
Evaluation of medium vs low slope cutoff 

Medium =>2.51 mm/m
Low <= 2.50 mm/m

Tidal effect is below 1 m elevation



Recommendations from past work
NC DEQ, 2013

Most challenging!



Next stepsé.

What data is out there to support the development of
Coastal Plain ecological flow guidelines for the 
Albemarle-Pamlico Basin?



Ecological Flow Studies in NC and Southeastern U.S.

ÅIncluded a literature review and annotated bibliography, highlights include:

ÅPearsall et al (2017) summarized four articles related to developing ecological flows in NC.  They 
found:

ÅFish guild diversity & macroinvert. richness showed negative responses to flow reductions.

ÅSpace-for-time approach appears valid for establishing flow-biology relationships.

ÅFlow-biology relationships showed seasonality with greater sensitivity to reduced streamflow 
during lower flow seasons.

ÅNumerous studies found that anthropogenic flow alteration -> negative effects on stream biota. 

ÅMuch of the previous ecological flow work performed in other states included cooperative efforts 
with the USGS, Nature Conservancy, and US Army Corps of Engineers, working alongside state 
agencies. 



Ecological 
Flow Efforts in 
other 
Southeastern 
States

 

State(s) Title/Description Reference 

 

Alabama, 

Georgia 

 

Watershed Modeling and Development of Ecological Flows in ACF 

River Basin (USGS, 2016) 

 

Water Availability for Ecological Needs in the Upper Flint River 

Basin, Georgia (USGS, 2006) 

 

Water Allocation and Natural Resource Protection in the ACT and 

ACF River Basins (FWS) 

 

 

https://www.srs.fs.usda.gov/pubs/gtr/gtr_sr

s211/gtr_srs211_085.pdf  
 

 
https://pubs.usgs.gov/fs/2006/3114/pdf/fs2

006-3114.pdf  

 
https://www.fws.gov/athens/rivers/ACT_A

CF.html  

Delaware Ecosystem Flow Recommendations for the Delaware River Basin 

(TNC, 2013) 

 

https://www.state.nj.us/drbc/library/docum
ents/TNC_DRBFlowRpt_dec2013.pdf  

Florida*  

 

Minimum Flows and Minimum Water Levels (MFLs) Program  

Water Use Reservations (Reservations) Program 

https://floridadep.gov/water-policy/water-

policy/content/minimum-flows-and-
minimum-water-levels-and-reservations  

 

Maryland,  

Virginia 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Texas 

Maryland Biological Stream Survey ï Environmental Flows 

(MDDNR) 

 

Middle Potomac River Watershed Assessment: Potomac River 

Sustainable Flow and Water Resources Analysis (USACE, 2013) 

 

Physical Habitat Classification and Instream Flow Modeling to 

Determine Habitat Availability During Low-Flow Periods, North Fork 

Shenandoah River, Virginia (USGS, 2006) 

 

South Fork Shenandoah River Habitat-Flow Modeling to Determine 

Ecological and Recreational Characteristics during Low-Flow Periods 

(USGS, 2006) 

 

Virginia Flow-Ecology Modeling Results: An Initial Assessment of 

Flow Reduction Effects on Aquatic Biota (USGS, 2017) 

 

Virginia Ecological Limits of Hydrologic Alteration 

(ELOHA): Development of Metrics of Hydrologic Alteration 

(TetraTech, 2012) 

 

Texas Instream Flows Program (TIFP) Environmental Flow Process 

Freshwater Inflow Needs Program 

 

http://dnr.maryland.gov/streams/Pages/hyd
roeco.aspx  

 

 
https://www.potomacriver.org/wp-

content/uploads/2014/12/MPRWA_FINAL
_April_2013.pdf  

 

https://pubs.usgs.gov/sir/2006/5025/sir06_
5025.pdf  

 

 
https://pubs.usgs.gov/sir/2012/5081/pdf/sir

2012-5081.pdf  

 
 

 
https://pubs.usgs.gov/of/2017/1088/ofr201

71088.pdf 

 
 

http://deq1.bse.vt.edu/sifnwiki/images/5/5d

/Tasks_3-4_draft_femodels20120109.pdf 
 

 

 
http://www.twdb.texas.gov/surfacewater/fl

ows/index.asp#inflow 

 



Data Needs: 

To understand 
reference conditions
and classify streams

Coastal Ecological 
Flow Assessment

Real ïtime and 
historical data

SW 
Discharge/Stage

USGS

Groundwater

DEQ

USGS 

Precipitation, 
Evapotranspiration

State Climate 
Office, NOAA, 

Ameriflux

Geomorphological 
Data

Various journals, 
USGS

Ecological Flow 
Relationships

Various journals, 
DEQ, EPA, USGS

Water Quality 

USGS

DEQ

EPA

National WQM 
Council



Data Needs: 

To understand the 
magnitude and timing 
of flow alterations
and ecological effects Coastal 

Ecological Flow 
Assessment

Flow 
Alterations

Withdrawals

DEQ

NC Dept. of 
Agriculture and 

Consumer Services

USGS

Municipal and 
Industrial 

Wastewater Inputs

DEQ

NC DHHS

NPDES (EPA/DEQ)

Population Change

US Census

NC OSBM

Ecological Flow 
Relationships

Various journals, 
DEQ, EPA, USGS

Climate Change

State Climate 
Office, NOAA, 

Ameriflux

Impervious area 
and land use data

USGS,

USDA,

DEQ

Dams and 
impoundments

US  ACE

DEMLR



Abundant Data (> 100 websites with water/ecological 
flow related data),  buté. some Notable Data Gaps

Compiled data on:
Surface Water Discharge
Stage and Flood Recurrence 
Geomorphological, Soils, and Land 
Cover 
Meteorological 
Groundwater and Baseflow 
Water Use
Flow Alteration/ Dams
NPDES Discharges
Water Quality
Ecological Flow Relationships for 
Coastal Plain 



 

USGS 

station #  Station Name Lat Long  County 

Drainage Area  

(mi^2)  Period of record  Years of Record 

2085500 FLAT RIVER AT BAHAMA  36.182 -78.879 Durham 149 July 1925 to current 92 

2085070 ENO RIVER NEAR DURHAM 36.072 -78.908 Durham 141 August 1963 to current 51 

2097314 NEW HOPE CREEK NEAR BLANDS 35.885 -78.966 Durham 75.9 October 1982 to current 35 

2082585 TAR RIVER AT NC 97  35.95472 -77.78722 Edgecombe 925 August 1976 to current 41 

2083000 FISHING CREEK NEAR ENFIELD 36.151 -77.693 Edgecombe 526 October 1923 to current 94 

2083500 TAR RIVER AT TARBORO 35.894 -77.533 Edgecombe 2183 July1896 to December 1900; October 1931 to current 90 

2081747 TAR R AT US 401 AT LOUISBURG 36.093 -78.297 Franklin 427 October 1963 to current 54 

2081500 TAR RIVER NEAR TAR RIVER 36.195 -78.583 Granville 167 October 1939 to current 78 

2091000 NAHUNTA SWAMP NEAR SHINE 35.489 -77 Greene 80.4 April 1954 to current 63 

2091500 

CONTENTNEA CREEK AT 

HOOKERTON 35.428 -77.582 Greene 733 November 1928 to current 89 

2082950 

LITTLE FISHING CREEK NEAR 

WHITE OAK 36.186 -77.876 Halifax 177 October 1959 to current 58 

2053200 POTECASI CREEK NEAR UNION 36.371 -77.027 Hertford 225 March 1958 to current 59 

2053500 AHOSKIE CREEK AT AHOSKIE 36.28 -77 Hertford 63 January 1950 to current 67 

2092500 TRENT RIVER NEAR TRENTON 35.065 -77.457 Jones  168 January 1951 to current 66 

2088500 LITTLE RIVER NEAR PRINCETON 35.511 -78.161 Johnston 229 February 1930 to current 87 

2082770 SWIFT CREEK AT HILLIARDSTON 36.112 -77.921 Nash 166 July 1963 to current 54 

2085000 ENO RIVER AT HILLSBOROUGH 36.072 -79.104 Orange 66 October 1927 to August 1971; October 1985 to current 76 

2084160 CHICOD CR AT SR1760  35.56167 -77.23083 Pitt 45 October 1975 to March 1987; May 1992 to current 35 

208732885 MARSH C NR NEW HOPE 35.81694 -78.59306 Wake 6.84 January 1984 to current 33 

Long -term flow records:
19 currently operational gages with 
ü30 year records

Streamflow and Stage Network - USGS



Quantifying low flow conditions

7Q10 is a useful 
metric to characterize 
low flows. It is 
determined by 
statistical analysis of 
stream flow records, 
and represents the 
lowest stream flow 
average for seven 
consecutive days (in 
a given year) with a 
recurrence interval of 
ten years. 

Low-flow conditions can lead 

to:

Å reduced water supply

Å deteriorated water quality

Å diminished power 

generation

Å disturbed riparian habitats

problems are likely to 

become more frequent under 

enhanced climate variability 

and increasing water 

demands. 

Groundwater inputs are 
critical to low flow 
maintenance 
(baseflow=100% 
groundwater inputs)

Average vs 7Q10 low flows at Tar River - Falkland, NC



Preliminary low -flow analyses on streams w/ > 30 years of 
discharge data in A-P Basin (Hillman et al. 2018)

Shaded boxes indicate 
declining low flows over time

13/19 streams indicated at 
least 2 indicators of lower 
flows over time



7Q10 vs Drainage Area for A-P streams

Lower order streams- more likely to dry up (watershed area < 250 mi 2)
Higher order streams- like Tar and Neuse have more gages, most of the low-order streams lack gages
(limited capability to understand which lower order streams are drying up more frequently)

Smaller watersheds(<250 mi2)-
May be affected by lower 
magnitude withdrawals, 
especially in summer



Baseflow Index- May help to predict 7Q10 for ungaged 
streams or streams with shorter discharge records

USGS approach
(% gw of annual runoff)

TNC approach
(7-day min. flow/annual mean flow)



Flow Alterations

Public Water 
Supply 
Withdrawals

Withdrawals

Discharges

Obstructions

Database and maps developed by Cait Skibiel
Source data from DEQ and Nationalmap.gov High hazard dams in red

Major (> 1mgd)



What are limitations based on the data availability? 
(Data Gaps)

ÅStreamflow- low order and tidal coastal streams ïless monitoring stations < 3 m above sea level (tidal/wind)

ÅGroundwater - more info on gw inputs to streams (magnitude, spatiotemporal variability, source aquifer). 

ÅSalinity - most data in estuaries, for future monitoring of sw intrusion need more info in inland watersheds. 

ÅEvapotranspiration - Only one Ameriflux site in region (Plymouth, NC) where actual ET data is collected. 

ÅEcological response-In  Ecological Responses to Stream Flow Regional Database (McNamanay et al. 2013) - 114 
studies for the CP only 9 (4 on unregulated and 5 on regulated rivers) were conducted in NC (Appendix III). 

ÅWater use- There were a variety of gaps in water use data that would prevent the construction of accurate water 
budgets in the region. However, approximate water budgets may be possible.



USGS Streamflow and Stage Monitoring Network

Map of where current USGS streamflow gages are in NC APNEP watersheds. Red gages indicate stage and discharge sites. Blue gages indicate 

stage only. Yellow stars indicate inland water quality data available. Black circles indicate water quality data available in the estuary.

Tidal influence

Minimal flow 
data available in 
zone of tidal 
influence 
(stage/discharge 
USGS 
red circles)



Data Gaps - Water Use

ÅThe USGS NC water use dataset is a great resource for tracking water use by County and over large (5 year) timesteps.  However, 
data are too coarse to evaluate withdrawal effects on summer low-flows.

ÅLack of a comprehensive (publicly available) water withdrawal database that can evaluate temporal variations in use at the sub-
watershed scale and for individual aquifers, e.g. the surficial aquifer. 

ÅUse data are generally unavailable for smaller-scale and residential uses outside of municipal suppliers .

ÅAgricultural water use data are voluntary and generally provided at longer timescales (monthly to annual) and on a county basis. 

Å>Differences in agricultural use estimates between the USGS and NCDA&CS data ? Which is accurate?

ÅLittle information is available for irrigation return flows & consumptive use for specific watersheds. 



We will need more detailed water use data to answer several major questions ééé

ÅWhy are low flows along Coastal Plain streams declining over the last ~several decades?

ÅWhat is the relative role of meteorological controls and water withdrawals (or anthropogenic sources) on declines in low-
flows along Coastal Plain rivers?

ÅHow does groundwater pumping and surface water withdrawals affect low-flow characteristics?

ÅAt what magnitude do these low flow declines affect ecological integrity?



Due to reliance on groundwater in the Coastal 
Plain: potential for groundwater withdrawals to 
influence streamflow

Groundwater Pumping May Affect the Water 
Table and Streams

-can remove source of baseflow from streamflow

-over time can reverse stream-groundwater relationship

- may lead to declines in baseflow over time

Winter et al. 1998

What is the relative role of meteorological controls and 
water withdrawals on changes in low-flow statistics?



River-Groundwater Interactions are Complex in the Coastal Plain ï
Need a better understanding of baseflow sources throughout the watershed.

Often surficial aquifer is feeding streams, we do not have a comprehensive 
understanding of all of the groundwater withdrawals from that system

Geology underlying the Tar River

-Pitt Co. NC

Study reach

OôDriscoll et al. 2010



Drought Cycles in Eastern North Carolina

Annual rings are thicker when water 
is plentiful, thinner when it is not. 
(R.D. Griffin/University of Arkansas 
Tree-Ring Laboratory).

From bald cypress tree rings from the Black River, NC-
Stahle et al. (1988) reconstructed a ~1600 yr drought history 

Drought cycles ~ 30 years

PDSI- Palmer Drought Severity Index

NC Severe Drought Probability : 56% /10 yr

78%/10 yr 26%/10 yr 
(dry cycle) (wet cycle)



ALL Coastal Plain
stream gauge sites that 
were evaluated showed 
recent declines in 7Q10 
baseflow

Example: Little River near Princeton, NC:  2.4 cfs to 0.95 cfs (decline of 60.4%) 

Recent USGS Low -Flow Characterization: 
Evidence that baseflow is declining in the NC Coastal Plain 
(pre -1998 vs pre -2011)

Weaver, 2016

Decreasing 7Q10



7Q10 -10 year recurrence interval
-For 4 years in a row LR had weekly average flows 
at/below the 7Q10 (0.95 cfs)

Low flows are getting lower along many Coastal Plain Rivers

The Little River ceased to flow at USGS gage on 8/12-2002 to 
8/25/2002;  9/12 -13/2005, and 9/13/2007. That hasnôt 
happened in the duration of the record (since 1930)

The Little River is getting littler!

Example: Little River near Princeton, NC:  2.4 cfs to 0.95 cfs (decline of 60.4%) = 1.45 ft3/s decline= 125,280 ft3/d
=937,159 gallons/d= 0.94 Million Gallons/day 
(approximately 10 large unregistered withdrawers of less than 100,000 gallons/day could cause this level of decline)



Meitzen, 2016

Recent work by Meitzen, 2016
Also showed low flow declines in NC Coastal Plain
Particularly in summer 

Changes in streamflow 
between 1995-1980 and 
1984-2012 periods


