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Outline

• Why is coastal ecological flow assessment needed?

• What data is out there for this effort? 

• What are challenges/limitations based on the data availability? 



Why is coastal ecological flow 
assessment needed?

• Flow alterations have been shown to affect fish and 
macroinvertebrates.

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

• Population and economic growth in the Coastal Plain (and 
Piedmont) suggest we will need more water in the future.

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



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)

 



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:
• reduced water supply
• deteriorated water quality
• diminished power 

generation
• 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



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%) 

Coastal 
Plain 

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 hasn’t 
happened in the duration of the record (since 1930)

 The Little River is getting littler!



Population Growth and Water Use in The Coastal Plain

2010- CP water use ~
1 billion gallons/d

Water use has generally 
increased with population 
increase.

From 1995-2000, a rapid 
increase in water use. 

From 2005-2010, water 
use did not increase 
substantially. 

Suggests economic, 
conservation, or other 
factors. 

Data source: USGS

0.5 million

400 MGD

increase

400 MGD

Increase?

2035

Population 
projections: 
+0.5 million 
from 
2010-2035 

Will need 
approx. 400 
MGD (1.4 
BGD total) 
by 2035



Economic Conditions also Influence Coastal Plain Water Use

NC Gross Domestic Product (GDP) 
increased from 270 billion (1995) 
to 437 billion (2014) (US BEA 
2016).

Coastal Plain freshwater use 
increased with GDP, suggesting a 
relationship between economic 
activities and water use.

If economic conditions continue to 
improve- should expect increased 
water use

Recession 
(2008-201
0)



Coastal Plain Counties: 
Heavy Reliance on Groundwater • 54% of Coastal Plain Counties 

utilized groundwater for more 
than 1/2 of their supply. 

• The total groundwater use 
from Coastal Plain counties 
is 62% (431 million 
gallons/day) of 
groundwater usage 
statewide (694 million 
gallons/day) (2010) 

2010- Water Use Data, 
USGS



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

Geology underlying the Tar River
-Pitt Co. NC

Study reach



Coastal Plain Streams – Groundwater Interactions

South - Marine seds, steeper                                     North- Fluvial seds, more permeable- >gw
wider floodplain



What data is available for ecological flow assessment?

• Coastal water data presentations from Feb. 2016 
conference:

https://wrri.ncsu.edu/wrri-events/coastal-plain/

• For ecological flow data - there is some effort 
needed to acquire hydrological, meteorological, 
ecological, and water use data across various 
agencies with different objectives/regulations/ 
data formats, etc. 

https://wrri.ncsu.edu/wrri-events/coastal-plain/


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



Data Needs: 

To understand 
reference conditions
and classify streams

Coastal Ecological 
Flow Assessment
Real –time 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

E. Bean/M. Griffin



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 



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)



Compiled/compiling
publically available data:

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 

Example: 7Q10 data

• 49 discharge stations in the Albemarle Pamlico Drainage

• USGS Streamstats – calculated 7Q10 
• range from 0-83 cfs

• Median 7Q10 – 0.39 cfs ~250K gallons/d or 0.25 MGD



What are limitations based on the data availability? 

• Many USGS discharge stations have been decommissioned so > 30 year records to capture drought cycle 
are not available at many sites (18 sites out of 119)

• Spatial data gaps - low order streams and tidal coastal streams are rarely monitored for discharge

• Generally speaking at land elevations below approximately 3 m above sea level, there is an absence of flow 
monitoring (due to tidal and wind issues)

• Difficulties delineating catchments with subtle elevation differences and extensive drainage alteration

• More information is also needed on groundwater inputs along Coastal Plain streams (magnitude, spatial 
and temporal variability, and source aquifer). 

• Seepage runs (nested discharge measurements along a stream) during summer low-flow conditions would 
be helpful to help characterize the spatial variability in groundwater inputs. 



Water Use Data in the Coastal Plain

• More challenging than dealing with discharge due 
to differences in reporting thresholds, when 
programs were implemented, and data availability

• Need to work with DEQ, USGS, and NCDACS

• Currently, comprehensive  publically available 
water use estimates in NC are available every 5 
years (since 1985) from USGS



Coastal Plain Counties- Water 
Use (USGS 2010 estimates) • Dominant Coastal Plain freshwater uses 

for 2010 were public supply (312 MGD), 
industrial (225 MGD), and irrigation 
(162 MGD)

• Total use ~ 1 billion gallons/day (USGS, 
2010).

• Public supply ~ 31% of water use

• If you categorize livestock, aquaculture, 
irrigation as agricultural use~34 % 
(agricultural- major use)



• LWSP statutes-1989 

• Local Water Supply Plan- LWSP data goes back to year 1992 (paper form) & year 1997 (online) 

• WWTR statutes -1991

• Water Withdrawal & Transfer Registration- WWTR data goes back to 1991 & 1993 (paper form). Also includes agricultural use > 1 million gallons/day

• Central Coastal Plain Capacity Use Area- CCPCUA data goes back to  2002 -registered users (between 10,000 and 100,000 gpd) and permitted users above 
100,000 gpd.  The Agricultural census data reports for the central coastal plain counties going back to 2002. 

• The annual reporting of water use data occurred in 2008 after the Water Use During Drought Rules were put in place in 2007; before then, all data was reported 
every 5 years. 

• Agricultural Census (NCDACS)- CCPCUA Counties from 2002- statewide Census began in 2008. The census data captures use above 10,000 gpd (data is 
aggregated by county).

• Annual water use estimates (every 5 years since 1985)

Thanks to Fred Tarver, Linwood 
Peele, and Nat Wilson at DEQ 
for helping to clarify!Water Use Data in the Coastal Plain

DEQ

NCDACS

USGS



Challenges Tracking Water Use in the Coastal Plain

• Reporting based on different rules that were put in place at various 
times and reporting thresholds may vary

• Generally speaking online data is not available before 1997 (paper data 
back to 1991) 

• Comparisons of estimates across the different groups may not always 
be in agreement

• Example: Coastal Plain agricultural water use estimates for 2010 
USGS estimate: 350 MGD vs. 21 MGD NC DACS.

Coastal Plain counties where estimates from USGS and 
NCDA&CS differ by more than 10 million gallons per day 
(approximately 15 cubic feet/s) (Isabel Hillman)



Future work

• Complete report and database this year

• Virginia – collaborate 

• Potential pilot study- CCPCUA sub-watershed detailed water 
budget and water use study

• Ecological flow research in APNEP region – flow and stage effects 
on fish and macroinvertebrates, salinity aspects

• River groundwater interactions in CP- effects of climate change 
and withdrawals on low flows

Artiola et al. 
2004

DEQ, 
2016


