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= Marsh Type Estuary Type

4 Interstitial Salinity Surface Salinity
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Four drought categories;
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* Hydrological, and

+ Socioeconomic

“'WhAddresses dlfferent sectors and spatial scales
-~ Impossibility to devise a universal drought index

Heim, 2002
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Can Salinity be
Used as a
Drought Index
Variable?

Riverine Flow

Pee Dee
River

SOUTH CAROLINA

17 4 Waccamaw

EXPLANATION

INTK -
Pee Dee River basin : C 4N
Physiographic provinces e
Valley and Ridge |
ve Ridge
0 2 80 MILE
connasudelin ) 2 -l:"lluﬂthn

' saltwater| | Tidal forcing
‘ 1) Mean water level

‘ 2) Tidal range




'Long-term Salinity Data

Waccamaw River at Hagley Landing
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October 7, 2014

Ull SI Dro ught Monitor (Released Thursday, Oct. 9, 2014)

Valid 8 a.m. EDT

Drought Impact Types:

r~ Delineates dominant impacts
S = Short-Term, typically less than
6 months (e.g. agriculture, grasslands)

L = Long-Term, typically greater than
& months (e.g. hydrology, ecology)

Intensity:

[ ] DO Abnormally Dry

[ ] D1 Moderate Drought
[ D2 Severe Drought

I D3 Extreme Drought
I D4 Exceptional Drought
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| Flow, Salinity, and Drought Index [SeESs

Pee Dee Flow Waccamaw Salinity
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“‘*«‘Coastal Drought Index Considerations
= (Friedman 1957, Heim 2002)

- o aonk
1) Appropriate time scale for the problem
* Responses to salinity changes — multiple time scales
* Short-term (intake, pathogen transport) vs. Long-term
(marsh conversion)

2) Quantitative measure of large-scale long-continuing
conditions
* Limited studies/data on ecological response to
i o coastal drought
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Coastal Drought Index
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3) Applicable to the problem
* |mportance 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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Index Development Approach

» Single process salinity times series to

extract drought information:
+ Single Mass Curves |
 Cumulative Z-scores
* Time-derivative
&+« Create "drought” time-series
‘ « Compute frequency distribution
» Use frequency distribution to set drought
thresholds
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|dentifying Changing Salinity Behavior 4
Single Mass Curve =
-

~—Hagley-Salinity =—=Cumulative salini
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Could slope-and magnitude of rises be used in an index”
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ldentifying Changing Salinity BehaVIor

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

— Hagley-Salinity =—Cumulative Z-score
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Change in slope indicates-a change in-salinity behavior
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|dentifying Changing Salinity Behavior _i

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

—— Hagley-Salinity ——15-dayDT -—---30-day DT sun |Mon [Tues [wed [Thurs [Fri [sat |
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Salinity, in practical salinity units
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15- and 30-day change in 15-day and 30-day average salinity, in psu



Preliminary Coastal Drought Index (CDI)
Time Series & Frequency Curve
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Salinity and CDI values, in practical salinity units
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Preliminary
CDI = 60-day MWA salinity + 15-day DT

« Computed frequency distribution of CDI values

* Pick threshold values from distribution
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Salinity, Flow and Drought Monitor Declarations

——Pee DeeFlow Waccamaw Salinity

Streamflow, ft¥/s
Salinity, psu

15day DT(15day MWA) + 60day MWA
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20

Salinity, in practical salinity units
Salinity, in practical salinity units
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Issues to Address _ R

 Pinball effect
« (Concern for “wet” conditions

Time scales between the CDI and environmental and

ecological response variables
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Cumulative 2-wcore

Where to go next?

ey-Salinty ——CDi_Test

3538888

Salinity and CDI values, in practical
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= Normalize precipitation with probability
distribution -

= Index values are standard deviation Trom
the median s

9
= Index for dry and wet conditions =
- SPIs comparable for dlfferent locations

{*‘
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Example of equiprobability transformation from fitted
- gamma distribution to the standard normal distribution
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Fort Collins 3 month (JFM) precipitation (in.)

From Colorado State




Standard Normal Distribution
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Standard normal distribution'with the SPI having
a mean zero and variance of one.

From Colorado State
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Benefits of a Standardize Salinity Index (SSI)

£ Dﬂ‘ference time perlods used for dufferent drought -
response variable .

= Index for fresher and salt]er condrﬁﬁ‘
= Real-time computation of S&
= Challenges

= Limited number of Iong-teym JES
s Mlssmg record estlmatmg data gaps
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SSI Computatlon
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Monthly values
Positive SSIs — saltier conditions

Negative SSIs — fresher conditions |, Aoiby tandiig
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Issues with "positive” drought values

Monthly Cumulative Salinity, psu

\‘
A\

USGS



Wiy wii

Salinity and SSI1

- Transform SSI values into

Drought Declarations
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Hagley salinity e=—=3516_Sum Pee Dee flows
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Daily values
Positive SSIs — fresher conditions
Negative SSIs — saltier conditions
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Declaration
w4
w3
W2
w1
WO
NO
DO
D1
D2
D3
D4

Decsription
Exceptional wet
Extreme Wet
Severe Wet
Moderate Wet
Abnormally Wet
Normal
Abnormally Dry
Moderate Drought

Severe Drought

Extreme Drought
Exceptional Drought

SSI Threshold
2
1.6
1.3
0.8
0.5
0
-0.5
-0.8
-1.3
-1.6




Salinity, in practical salinity units

Salinity, in practical salinity units

CD1 mmCD2 mmmmCD3 mmmmCD4 Hagley-Salinity

5day DT(15day MWA) +60dayMWA

' l !
! ' ! !

Salinity, in practical salinity units

Standard Salinity Index' =6 months

Salinity, in practical salinity units

SSI doesn’t have the “pinball machine” effect
as compared to the preliminary CDI
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Use for Drought and Wet declarations
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Declaration
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WO
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Decsription
Exceptional wet
Extreme Wet
Severe Wet
Moderate Wet
Abnormally Wet
Normal
Abnormally Dry
Moderate Drought

Severe Drought
Extreme Drought

Exceptional Drought
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SSI Threshold
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Region
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ATLANTIC
OCEAN

~ The Waccamaw River and
Atlantic Intracoastal Waterway
study area

Location of study araa in tha United States

The lower Savannah River
study area EXPLANATION
RIVER BASINS
Neuse-Pamlico
Cape Fear
Yadkin-Pee Dea
Edisto-Santes
Savannah
Altamaha-5t. Marys
River basin boundary
—— - —— Sub-basin boundary

100 MILES

100 KILOMETERS

Is the CDI a site
specific Index
or can it be
used to regional
comparisons?




Lower Savannah River —

Little Back River at Luchnow Canal
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dmme 3

Less than 4 % missing
data.

Fill with neural network
model (Rsqg-0.73) and
linear interpolation

lw

Flow and Salinity

Salinity data from 1990 to present ____
Used data after the last harbor deepemng In 1994
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Can the SSI be used tocompare

between sites?
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Standard Salinity Index

Standard Salinity Index

Intensztz
D0 Abnomally Dry - D3I Extreme Drought

. D1 Moderate Drought - D4 E xceptional Drought

i -
D2 Severe Drought

mCw4a mCWwW3 cw2 cwi CWOo Normal CcDO CD1 mCD2 mCD3 mCD4a

Hagley SSI1-6_20yr
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Intensity

D0 Abnomally D ry - D3 E xtreme Drought

Regional CompariSOn = [y A"

May 22, 2012

a

mCwW4 mCW3 cwa2 CD1 mCD2 mCD3 mCD4

Hagley SSI1-6_20yr

(R, )

1.0

Standard Salinity Index

mCW4 mCW3 cw2 cwi CWoOo Normal CcDO CD1 mCD2 mCD3 mCD4

chhow SS

Standard Salinity Index
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i Summary 2

« * Modifying the Standardized Precipitation Index
good approach for a Coastal Drought Index

- Benefits of the “Standardized Salinity Index”
(SSI): Rl

 Minimize the “pinball” effect of quickly changing
drought declarations

 Computed for multiple time intervals

« Correlate appropriate SSl time interval to coastal response
variable
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i Summa v
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SSl can be used for drought and wet conditions

Not a site specific CDI -

May be able to use different periods of salinity' il _ gl
record i

Can be used to compare sites
Based on established SPI computation that

readily understood and accepted in the drought
community
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