Ocean Salinity as a Predictor of
Terrestrial Precipitation

Laifang Li
Duke University, Durham, NC

Raymond W. Schmitt (WHOI), Caroline C. Ummenhofer (WHOI), and
Kristopher B. Karnauskas (CU, Boulder)

Global Ocean Salinity and the Water Cycle Workshop

Woods Hole, MA
May 23, 2017



Motivation: Ocean and Global Water Cycle
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Moisture Source Regions: Subtropical Oceans

Evaporation>Precipitation-> net moisture export: Moisture sources
Precipitation>Evaporation=> net moisture input: Moisture sinks



Oceanic Moisture & Terrestrial Precipitation

SCHEMATIC REPRESENTATION OF MAJOR MOISTURE OCEANIC SOURCES
AND CONTINENTAL RECEPTOR REGIONS
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Evaporation>Precipitation—> net moisture export: Moisture sources
Precipitation>Evaporation—> net moisture input: Moisture sinks



Sea Surface Salinity: Indicator of Oceanic Water Cycle

The oceanic water cycle leaves an imprint on SSS, making SSS “nature’s
rain gauge”.
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Q: Is SSS a predictor of terrestrial precipitation?
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Definition of North Atlantic SSS Indices
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March-April-May (MAM) climatology (1950-2009) of SSS (shaded, unit: PSU), moisture flux
divergence (contours, unit: mm/day) and the divergent component of moisture flux (vectors, unit:
Kg/m/S) over the North Atlantic. The bold contours are the moisture flux divergence = 0 isoline. 6



N. Atl. SSS and Terrestrial Precipitation: Sahel
SSS in NE subtropical N. Atl. leads Sahel monsoon precipitation
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Correlation between Springtime North Atlantic SSS and Warm season (JJA) precipitation: a) Northwest
index; b) Northeast index; ¢) Southwest index; and d) Southeast index.
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Water evaporating from the ocean sustains precipitation on land. This ocean-to-land moisture transport leaves an
imprint on sea surface salinity (SSS). Thus, the question arises of whether variations in SSS can provide insight into
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N. Atl. SSS & Terrestrial Precipitation: Midwest
SSS in NW subtropical N. Atl. leads Midwest summer precipitation
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Correlation between Springtime North Atlantic SSS and Warm season (JJA) precipitation: a) Northwest 9
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Moisture Flux Convergence (mm/day)

What Cause Rainfall Anomaly?

Methods: Thermodynamic and dynamic decomposition of the
regional water cycle
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What Cause Rainfall Anomaly?
Combination of dynamic and thermodynamic processes

Changes in mass divergence (Dynamic)
40N - - | 40N 1
30N - - | 30N 1
120W. 90w .
Changes in moisture gradient (Thermodynamic)
IR = p=u
40N - - | 40N 1 \\A\ | L |
30N - - | 30N 1 1 ene | -
| | d) 217 v
120W 90W

[ [ [T Voisture flux convergence

N anomaly (mm/da
o” Q¥ oY o o? N AP Y )




Physical Mechanism
Dual effects of soil moisture on regional water cycle

High SSS

Evaporation ll

SPRING

Increase ocean-to-land
moisture transport

v

High precipitation, wet
soil in the Southern US

SUMMER /\

L Intensify
Morstening Great Plains
%\ boundary Low-level
m==p Soil moisture feedback === Moisture flux " »Great Plains Low-level Jet 1ayer Jet
Schematic figure showing the mechanism of North Atlantic \/
SSS-Midwest precipitation relationship. (See Li, Schmitt,
Ummenhoffer and Karnauskas, 2016. J. Climate, 29, 3143- High Midwest

3159. [Illustration by Jack Cook, WHOI] ). summer precipitation
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Predicting Midwest Precipitation Using SSS

Random Forest
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Predicting Midwest Summer Precipitation

Knowledge of NW SSS can improve rainfall prediction in US Midwest
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Salinity Precursor and Extreme US Precipitation

1993 MAM North Atlantic SSSA

2008 MAM North Atlantic SSSA
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Case Study: 2015 US Summer Precipitation

Salty subtropical N. Atl.s ~ wet summer in Midwest

2015 Precipitation Anomaly
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SST Precursors: Fail to Predict Midwest Extremes

a) 1993 MAM
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assuming SSS follows a Normal distribution. 1



Concluding Remarks

SSS provides important skill to predict terrestrial precipitation

North Atlantic subtropical SSS
1s most important for prediction
precipitation over the US
Midwest.
North Pacific subtropical SSS is
the most important predictor for
summer precipitation over the
North American monsoon
region.
The most important predictor for US
summer (JJA) precipitation
according to the random forest
algorithm: gray shaded denotes
regions where SST predictors (the
first two SSTA mode time series in
each of the three ocean basins ) have
SST Predictors  North Pacific ~ North Atlantic ~  the most skillful prediction. The blue
SSS SSS and red shaded are where the most
important predictor is North Pacific
and North Atlantic SSS, respectively.
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Thank You!

SST Predictors

North Pacific North Atlantic
SSS SSS

Q&A
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