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Processes involved in ENSO: Forcings & feedbacks
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El Nino and La Nina Precipitation Anomaly Patterns

Warm Pacific Cold Pacific
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Red: positive precipitation anomalies
Blue: negative precipitation anomalies
(normalized [by mean] anomalies, i.e., of 1)
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From Dr. Robert Adler (NASA & UMi))



Roles of freshwater flux (F\WF) forcing &
related Salinity effect in the Tropical Pacific Ocean

« Climate
v" One atmos component;
v’ Large induced by ENSO;
v' Some FWEF/salinity related phenomena;
v' Significant effects;
v feedback

Water/hydrological cycles ....
Data assimilation ....
Global warming ....




Challenge 1n freshwater forcing & ocean salinity issues

> Studies mostly on wind/heat flux, less on FWF;
» Studies mostly on ocean modeling, less on
coupled ocean-atmos modeling;

» FWF forcing not adequately represented in models;
» Uncertainty in observations & data products;
» Intermodel differences

Intermediate ocean models

level OGCMs

layer OGCMs

» Systematic biases & errors in simulations:
Ocean models:
Coupled models:



Anomalies along the eguator

(a) Obserwv (b) Observed SS55 from IRDEFCOP
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S5S5S anomalies along the egquator

(c) UMD—S0DA analysis (beta 7)

(a) Observed from IRD/ECOP

(b) EMC/NCEP reanalysis
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Some approaches to improving SSS & SST
simulations & predictions

1. Continue to improve parameterizations:
Great focus on We & Kv, (but Te & Se equally important !1)

2. Different ocean & coupled models:

Intermediate ocean model:

Layer models: Isopycnal coordinate, ...

Level models: z-coordinate (e.g., GFDL MOM)
(Te & Se depiction in different models !!)

3. Flux/bias corrections in ocean & coupled models
(better mean climatology!!)
4. MOS (model output statistics) corrections

(get SSTAs first and then try to correct them regardless of reasons!!)

5. Ocean data assimilation
10



Taking into account

freshwater flux (FWF) forcing

» Identify bias sources for SSS simulation;
» Understanding basic processes involved;
» Improving model simulations of salinity;
» Improving ENSO simulations & prediction;

»> Support for satellite mission to measure SSS.
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Introduction

Outline

* A hybrid coupled model (HCM:cn)

The Cane-Gent OGCM

: Wind stress: SVD-based;
Heat flux: Seager et al.;

FWF: SVD-based:

FWFK = (P'E)clim—l_@ ¢ (P_E)inter

The standard HCM, -, Simulation

Sensitivity experiments:

A FWF-induced positive feedback

Summary

12
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A SVD-based Empirical Model for (P-E)

inter

FWF = (P-E) i, t Opwr ©

P, E : ECHAM 4.5
AMIP run

SST: Reynolds &
Smith

singular value

Singular values
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Anomalies along the egqualor .4
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Hybrid Coupled Model at ESSIC/UMD

 The Gent-Cane model

A sigma-layer, reduced-gravity OGCM with
(1) A hybrid mixing scheme
Chen, Rothstein & Busalacchi (1995)
(2) Coupling to an advective atmos mixed layer
model (Murtugudde, Seager & Busalacchi 1995)
(3) Model specifications:

Tropical Pacific domain: 25N-25S;  31-layers;
Resolution: 1 deg in longitude and 0.5 deg in latitude

e An empiricalwind stress
anomaly model (SVD-based)
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A hybrid coupled ocean-atmosphere model

reshwater Flux (FWF)

(P-E) it
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A hybrid coupled ocean-atmosphere model

and/or relaxation
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Data & Model experiments

Wind stress, P, E : ECHAM 4.5 AMIP run
1950-1997
SST: Reynolds & Smith
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Effects of freshwater flux (in general):
FWF = (P-E) . + (P-E)

clim inter

Sea surface sailinty (SSS):
=> density => stratification & stability => mixing

Buoyancy flux (Qp):

ooooo
...........

. .
ooooo
..............

Gaining | (+) => more bouyant (lighter) =>
stable => shallow mixed layer => less entrainment

20



Effects of anomalous FWF during ENSO:

SSS & QB=OL0HF/(pCp)+ﬁoSOo FWF :QT_I_QS

(as represented at site)
Qr | Qs
SST
+ - |+ - - -
El Nino
+ + +
] + -
La Nina
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Effects of anomalous FWF during ENSO:

SSS & QB=OL0HF/(pCp)+ﬁoSOo FWF :QT_I_QS

(as represented at site)
Qr | Qg
SST
+ | - |+ |- - -
El Nino /
?
+ + +
La Nina B Tl
6)
22




Effects of anomalous FWF during ENSO:

SSS & QBZOLOHF/(pCp)-I-ﬁoSOo FWF :QT_I_QS

(as represented at site)

Qr | Qg

SST
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Anomalies along the equator

(b) Zonal wind stress
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Anomalies along the egquaior

(c) 5SS

(b) Zonal wind stress

(a) SST
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Anomalies along the equator
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Sea surface salinily (5§55) along the equator

(a) Climatological (P—FE) forcing

8 % ¢

Time (years)

(b) Interannual (P-F) forcing

i2ow 0w

(c¢) Enhanced FWF forcing




S5S anomalies along the egquator
(a) Climatological (P—FE) forcing (b) Interannual (P—FE) forcing (c) Enhanced FWF forcing
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SST anomalies along the egquator

Interannual (P—FE) forcing (c) Enhanced FWF forcing

(b)

{a) Climatological (P—FE) forcing
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Processes involved
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Q?N: Processes involved

Depth

thermocline



Processes involved
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Processes involved
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Buoyancy flux (Qp) and its relation with Q. & Qg
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Qp

Qr+ Qg

the equator
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A FWE- induced positive feedback SSSpiss SSTpisr

(c) Difference fields for SSS

(a) SST f'rom c 'o.m FWF fo'rc'mg (b) (P-E) anomalies v Ve U] (e) Difference fields for SST
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A FWE- induced positive feedback SSSpiss SSTpisr

(c) Difference fields for SSS

(a) SST f'rom c 'o.m FWF fo'rc'mg (b) (P-E) anomalies v Ve U] (e) Difference fields for SST
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The std of selected anomaly fields

for agywp =0.0, apywr =1.0 and oy =2.0.

| Opwr= 0.0 | Olpyp= 1.0 Olpyyp= 2.0
Nifo4 region (Climrun) | (Standard run) (Enhanced run)
SSS 0.11 0.16 0.28
SST 0.76 0.85 0.97
MLD |5.6 6.7 9.0
T, 0.16 0.19 0.23
Q; 1.49 1.72 1.95
Qs 0.65 1.58
Qy 1.49 1.24 1.08
Nifiol2 SST | (.53 0.57 0.64
Nifio3 SST |0.67 0.76 0.92 )




Summary

» Demonstrate feedback’induced by FWF;
* FWEF: effect on Q for Qg;

* Different role of FWF vs. heat flux;

* Significant effects on interannual variability

> 10% differences in
> 20% differences in

 FWF is a clear source for model biases

* Taking into account this atmos
component for better ENSO simulation & prediction

e A(link between ENSO & global water cycles*




NINC3.4 SST Anomaly(°C)

Model Forecasts of ENSO from: May 2008
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El Nino and La Nina Precipitation Anomaly Patterns

Warm Pacific Cold Pacific
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Red: positive precipitation anomalies
Blue: negative precipitation anomalies
(normalized [by mean] anomalies, i.e., of 1)
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From Dr. Robert Adler (NASA & Ul\/ﬁ))
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