
1

Trends of Annual Minimum 7-day Average Flow in 
Georgia, South Carolina, and North Carolina, 

Climate Years 1932–2021

Photo by: 
Ryan 
Rasmussen

Caleb E. Mitchell, PhD, PE, and Toby D. 
Feaster, PE

N.C. Office of Recovery
and Resiliency

U.S. Department of the Interior
U.S. Geological Survey
South Atlantic Water Science 
Center

This information is preliminary and is subject to revision. It is being provided 
to meet the need for timely best science. The information is provided on the 
condition that neither the U.S. Geological Survey nor the U.S. Government shall 
be held liable for any damages resulting from the authorized or unauthorized 
use of the information.

Lake Michie at Dam Near Bahama, NC 
(02086490 )
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Presentation Outline

• Introduction 
• Low flow and its impacts to aquatic 

ecosystems
• Can we assume stationarity?

• Methods
• Streamgages in Georgia, South Carolina, and 

North Carolina with >30-yr record
• Modified Mann-Kendall Theil Sen Slope

• Results and Discussion
• Temperature, Precipitation, Minimum 7-day 

Average Streamflow

• Conclusions
• Balance the needs of aquatic life with the 

needs of humans

Little River at SR1461 Near Orange Factory, NC 
(0208521324)

May the 4 cfs be with you! (May 3, 2024)

Photo by: 
Ryan 
Rasmussen
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Historical Perspective
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What do we mean by “low flow”?

• Low flow is referred to as base flow 
or “sustained fair-weather flow”

• Composed largely of groundwater 
flow from surficial aquifers to 
streams

• Dependent on topographic, 
geologic, and climatic conditions

• Low flows are a seasonally 
influenced phenomenon, and in the 
Southeast, tend to occur most 
frequently in the late summer or 
early fall (end growing season)

Source:  Ground-water-level Monitoring and the Importance of Long-Term Water-Level Data 
USGS Circular 1217 by Taylor and Alley, 2002 (Figure A-2, page 4)
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Why do we care about low flows? Because humans need 
water

Hoover Dam at Lake Mead on the Colorado River 
in Nevada

Seljalandsfoss on the Seljalands 
River 
in Iceland

Photo by: 
Julia 
Cunniffe
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Fish need water to access habitat and refuge areas

Low-head dams may block fish 
migration

Incised urban streams may be 
disconnected from floodplain habitat

Eno River at Hillsborough, NC 
(02085000)

Photo by: 
Ryan 
Rasmussen

Photo by: 
Ryan 
Rasmussen

Unnamed Tributary to Walnut Creek near Farmer’s Market in 

Raleigh, NC

3.7 cfs on 
October 11, 
2022 at 
1:13pm
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Flows vary across seasons



8

Calculate the lowest 7-day average flows for each 
climate year

USGS Streamgage: Little River near Princeton, NC 
(02088500)

Explanati
on

Daily mean 
streamflow

7-day mean 
streamflow

Annual minimum 7-
day mean 
streamflow
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Do our streamflows change over time?
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Mann-Kendall Theil-Sen Slope: one way to calculate trends
S
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Modified Mann-Kendall 
Assumptions: 

(1) independence *, 

(2) short-term 
persistence †,

(3) long-term persistence 
‡ 

Significant at α = 0.10
USGS data release for R code to modify the trend test is available at: DOI 
10.5066/P9AEGXY0

https://doi.org/10.5066/P9AEGXY0
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Study area: South Atlantic (GA, SC, & NC)

North 
Carolina

South 
Carolin

a

Georg
ia
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Annual average temperature trends by state from 
NOAA NCEI

Preliminary Information-Subject to 
Revision. Not for Citation or 
Distribution.

North Carolina
Average: 57.8 °F
Theil-Sen Slope: 0.10 °F/decade 
*†

South Carolina
Average: 62.6 °F
Theil-Sen Slope: 0.07 °F/decade 
*†

Georgia
Average: 63.6 °F
Theil-Sen Slope: 0.05 
°F/decade *

North Carolina

South Carolina

Georgia
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Annual average temperature trends by climate division 
from 1895 to 2021

Preliminary Information-Subject to 
Revision. Not for Citation or 
Distribution.

Climate divisions with 
significant trends:

Independence*: 
20 of 24 (83%)

Short-term dependence
†:
17 of 24 (71%)

Long-term dependence 
‡:
3 of 24 (13%)

Piedmont

Coastal Plain

Blue Ridge

Ridge and Valley

Appalachian 
Plateau

Atlantic Ocean

Interior 
Low 

Plateaus
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Annual average total rainfall trends by state

Preliminary Information-Subject to 
Revision. Not for Citation or 
Distribution.

North Carolina
Average: 49.6 in
Theil-Sen Slope: 0.14 in/decade

South Carolina
Average: 47.8 in
Theil-Sen Slope: 0.14 in/decade

Georgia
Average: 50.0 in
Theil-Sen Slope: 0.10 
in/decade

North Carolina

South Carolina

Georgia
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Annual average total rainfall trends by climate 
division

Preliminary Information-Subject to 
Revision. Not for Citation or 
Distribution.

Climate divisions with 
significant trends:

Independence*:
2 of 24 (8%)

Short-term 
dependence†:
2 of 24 (8%)

Long-term 
dependence‡:
1 of 24 (4%)

Piedmont

Coastal Plain

Blue Ridge

Ridge and Valley

Appalachian 
Plateau

Atlantic Ocean

Interior 
Low 

Plateaus
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1-day extreme rainfall trends for the Southeast (AL, FL, GA, 
SC, NC, & VA)

Preliminary Information-Subject to 
Revision. Not for Citation or 
Distribution.

Southeast
Average: 10.5 %
Theil-Sen Slope: 0.6 
%/decade
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Minimum 7-day average streamflow for the South Atlantic 
(GA, SC, & NC)

Preliminary Information-Subject to 
Revision. Not for Citation or 
Distribution.

Likelihoo
d

Probabil
ity

Likely > 85%

Somewhat likely 70 to 85%

Just as likely as not < 70%

Just as likely as not < 70%

Somewhat likely 70 to 85%

Likely > 85%

Explanati
on
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Various periods of 
record
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Minimum 7-day average streamflow for the South Atlantic 
(GA, SC, & NC)

Preliminary Information-Subject to 
Revision. Not for Citation or 
Distribution.

Percentage of streamgages with likely, somewhat likely, and just as likely 
as not trendsData 

assumption
Likelihoo
d

30-yr 50-yr 70-yr 90-yr

Independence 
*

Likely 15% 2% 7% 33%

Somewhat likely 9% 4% 18% 0%

Just as likely as not 22% 6% 7% 17%

Just as likely as not 15% 15% 15% 0%

Somewhat likely 18% 11% 7% 0%

Likely 17% 56% 44% 50%

Short-term 
dependence †

Likely 10% 2% 11% 33%

Somewhat likely 14% 4% 15% 0%

Just as likely as not 22% 6% 7% 17%

Just as likely as not 19% 15% 15% 0%

Somewhat likely 19% 17% 15% 17%

Likely 12% 50% 37% 33%

Long-term 
dependence ‡

Likely 3% 0% 4% 0%

Somewhat likely 12% 4% 15% 33%

Just as likely as not 32% 9% 15% 17%

Just as likely as not 32% 30% 26% 17%

Somewhat likely 13% 22% 11% 0

Likely 5% 30% 30% 33%
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How many streamgages had significant trends in low flow?

Percentage of streamgages with significant 
trends (α = 0.10)Data assumption

30-yr 50-yr 70-yr 90-yr

(%)

Independence *
3% 0% 7% 0%

8% 39% 33% 33%

Short-term dependence †
4% 0% 4% 0%

3% 26% 26% 33%

Long-term dependence ‡
0% 0% 0% 0%

0% 13% 19% 17%
Preliminary Information-Subject to 
Revision. Not for Citation or 
Distribution.

Most streams 
had no 
significant 
trend

More streams 
had 
downward 
significant 
trends than 
upward 
trends
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Largest trends in minimum 7-day average streamflow for 
longest continuous streamgages 

Preliminary Information-Subject to 
Revision. Not for Citation or 
Distribution.

Little River near Princeton, NC 
(02088500)

Drainage Area: 232 mi2; Period of 
Record: 92 yr

Black River at Kingstree, SC (02136000)
Drainage Area: 1,252 mi2; Period of 

Record: 92 yr

Median: 11.7 
cfs
Theil-Sen Slope: -2.1 cfs/decade 
*†

Relative total change: -158% 

Median: 32.4 
cfs
Theil-Sen Slope: 1.9 cfs/decade 
Relative total change: 53% Drains watersheds between Raleigh and 

Wilson, NC
Drains watersheds between Columbia and 

Florence, SC
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Conclusions

• People need water
• Aquatic life needs water
• Temperatures have increased (what about ET?)
• Annual rainfall has remained somewhat steady
• Extreme storms have covered larger areas in the Southeast
• Some low flows have decreased in areas of the South Atlantic
• Few streams had persistent trends

• People should manage water for the health of humans and 
ecosystems

• Most gages had no significant trend, similar to other studies
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