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Outline

Conceptual model of salinity intrusion

Look at some data

Drought and salinity intrusion

Coastal Drought Index (CDI) considerations
Preliminary CDI computation

Potential beyond the Carolinas
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Summary



Marsh Type Estuary Type
Interstitial Salinity Surface Salinity
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Short Review Salinity Dynamics

Riverine Flow @ Freshwater

Tidal forcing
1) Mean water level
2) Tidal range

“...estuaries may never really be steady-state
systems; they may be trying to reach a balance they
never achieve.”

Keith Dyer, from Estuaries — A Physical Introduction (1997)



Freshwater Interface

Riverine Inputs Coastal Inputs
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Freshwater Tidal Range
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™ Example of Data: Yadkin-Pee Dee
== ) Basin
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1) Mean water level

2) Tidal range




Streamflow, in cubicfeet per second
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| Examplerof-Data:\Water-level
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Riverine Flow Freshwater
Tidal forcing
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1) Mean water level

2) Tidal range
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——Hagley-salinity
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—Pee Dee flows
——Hagley-salinity
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= Daily Mean Flow

A Daily Maximum Specific Conductance
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Specific Conductance, in micro-Siemen per centimeter
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— Flow and Drought Index

Discharge (cfs)
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A look at drought declarratyitg)ns In the
Yadkin-Pee Dee Basin

[0 D2 Drought - Severe
& B D3 Drought - Extreme
B D4 Drought - Exceptional

Computed a weekly drought index for

the basin aggregated by declarations for
each county

Plot declarations with 7-day average flow
& 7-day average salinity



~ Flow and Drought Index
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~ Flow, Salinity, and Drought Index
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~ Four drought categories;

Meteorologlcal

* Agricultural,

| ..|L h W

Hydrologlcal and

f HMM

« Socioeconom

W’ﬂi_.'Ad‘dresses dlfferent sectors and spatial scales
- Impossibility-to devise a universal drought index

g ﬁ, Heim, 2002
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1) Approprlate t|me scale or the probler

——

2) Quantitative measure of large-scalelong
continuing conditions

3) Applicable to the problem ==

e

Friedman 1957; Heim, 2002



;Co‘.astal Drought Ind'ex
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"’! Crlterla Considerations (continued)
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1) Appropriate time scale for the problem

* Responses to salinity changes — multiple time scales "

« Short-term (intake, pathogen transport) vs. Long-term
(marsh conversion)

o R

2) Quantitative measure of Iarge -scale long-continuing

conditions
« Limited studies/data on ecological response to
i+ | coastal drought
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Coastal Drought Index
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- Crlterla Con&derahons(contlnued)

3) Applicable to the problem
« |Importance of saltwater/freshwater interface position

4) Historical data for computation
* Long-term data records available

5) Computable on a near-real time basis
* Many real-time salinity gaging sites
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3 Co'astal Drought Index Challenges

T T ——TT

"‘gBroader Picture

Generalized regional index or S|te specmc iIndex
. - Dy g
Different estuaries
* Tidal sloughs
* Tidal rivers

T Approprlate temporal scale
- 5.3 M Il‘m =



*Coastal Drought Index Challenges

Differnﬁatig aspects of the salinity si

Index classes clearly defined
» Correlate to environmental response




Waccamaw River at Hagley Landing
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| 18 'P/dwleys Island
Georgetown /
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Long period of record K4 J
1989 to present ?
Daily mean salinity WirdEhBay

~8,000 data point
Atlantic Ocean



Estuarine Type

Wacamaw River at Hagley Landing

82% Tidal Freshwater
15% Oligohaline
3% Mesohaline

Marsh Type Estuary Type
Interstitial Salinity Surface Salinity

Limit of tidaﬁnﬂuence

Tidal freshwater Tidal freshwater
< .05 psu < .05 psu

Brackish
0.5t03.0 psu

Oligohaline
<5-18 psu

Waccamaw River at Hagley Landing TR

3010 7.0 psu

Subsaline Mesohaline
7.01018.0 psu 18.0 psu

Cumulative percent

OCEAN >30.0

Tidal freshwater Oligohaline Mesohaline

0.5 5

Salinity, in practical salinity units



e Hagley-Salinity == 30-day average - 60-day average 90-day average

e 15-day average === «50th Percentile = ==« 75th Percentile 95th Percentile
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|dentifying Changing Salinity Behavior E
Single Mass Curve

——Hagley-Salinity = =——Cumulative salini '

ol

%)
=
c
=
>
=
=
®
“
T
=2
©
e
o
A=
>
=
=

Could slope-and magnitude of rises be used in an index?



-

o

|ldentifying Changing Salinity Behawor 3

Cumulative Z-score

Z-score = (x =mean)/standard deviation i

200

——Hagley-Salinity = Cumulative Z-score

o

alinity, in practical inity units
N =
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Salinity, in practical salinity unit:
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Cumulative Z-score
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Change in slope indicates a change in salinity behavior
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|ldentifying Changing Salinity Behavior _i

Time Derivative
15-day DT =Average(Day16-30) - Average(Day1-15)

—— Hagley-Salinity ——15-dayDT ------ 30-day DT

K. M.M“

Salinity, in practical salinity units
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15- and 30-day change in 15-day and 30-day average salinity, in psu



Prellmlnary Coastal Drought Index (CDI)
- Hagley Landing
B
Combination of average salinity and time derivative:

« 60-day average salinity

« 15-day change in 15-day average salinity
CDI = 60-day MWA salinity + 15-day DT
« Computed frequency distribution of CDI values

* Pick threshold values from distribution
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Preliminary Coastal Drought Index (CDI) 2%
Time Series & Frequency Curve -

——Hagley-Salinity ——CDI_Test
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Preliminary Coastal Drought Index (CDI)

Close up

CD4
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CD2
CD1
CDO

lllu

__ l

+
H_
o
O

o-e-@soes

&
u\"'\w

> o
b-\s\

u\s

'
RN

0
«\"’\w

& & &
R R
AT S Y



Preliminary Coastal DmughtlndexiCDl)‘%
2401010 52{ 0 b \

CD1 mmmCD2 mmmmCD3 mmmm CD4 Hagley-Salinity

Salinity, in practical salinity units
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Streamflow, ft3/s

CDO CD1 ==smCD2 mmmmCD3 mmmm CDA4 Hagley-Salinity
14.0 14.0
o 120 4 120
3 3
> 10.0 - 10.0 >
c c
S 5
2 80 - 80 =
8 S
2 2
8 60 60 8
o o
£ £
2 4.0 - a0
£ £
3 3
v 20 4 2.0
0.0 JL A m A g LA 0.0
——Pee Dee Flow —— \Waccamaw Salinity
‘— - 12
10
DO 5
I
& 2 mD1
o
¢ = mD2
£ D3
= n
©
4 n
mD4
2

Lol boky ;

X S > & > Q>
o o o o o o o o o o o o o

Preliminary




houghts on Preliminary CLC

CDI can refine timing issues of upstream Drought
Monitor declarations

Time derivatives can address onset and recession
of drought timing

 Use different DTs

Include elements from other analysis, for example
cumulative Z-scores

* Include other parameters, for example flows
Cascading computation with logic statements

Missing data — limit periods for analysis or estimate
missing data?
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218 currently active USGS real-time
gages along the coast

Screened for
* Physical location;
* Length of record,
» Concurrent drought periods,
* Response to drought
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Percent of the statein
specified range of drought
declarations

1/1/2000 to 5/15/2013
60,000
55,000
50,000 {4 ol - -;‘ |
45,000 i

40,000

degrees Celcius

35,000

Specific conductance, micro-
Siemens per centimeter at 25

30,000

Response to drought
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Physical location




able 2. Summary of visual match ratings [ I
Visual Match Ratings Summary

Total number of SC stations Good Fair Poor

1 1
3 2
62
6
33
1

EXPLANATION

*  "Good" Rated Gages

= "Fair" Rated Gages
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Summary

= Relation-between-upland flowand drought =
declarations-and salinity dynamics s = & U8

= Salinity canbe used for coastal drought mdex =
(CDI) e

= Challenge-of correlating CDI W|th coastz
response variables

= Data networks-availabletosupport real tlme ——
coastal drought index sites
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Discussion

Insert picture

of coastal drought here




