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Outline

> Key features of the American Monsoon
System

> The VAMOS modeling strategy
> Strengths and weaknesses of Seasonal

Prediction over the Pan-VAMOS region
> Current and planned activities

What factors are limiting our abllity to improve seasonal
predictions for societal benefit?

What factors are limiting our ability to use seasonal predictions
for societal benefit?
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North and South America Monsoon Systems
NAMS & SAMS

Mean monthly precipitation averaged over each spatial domain

> NAMS and the SAMS
receive more than 50%
of total annual
precipitation during the
respective summer
monsoons,

The NAMS and SAMS

can be interpreted as the i@
two extremes of the | T
same cycle L

NAMS SAMS — Sahel

Mean Monthly Precipitation, mm/month

Vera et al., J of Clim. 2006
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VAMOS modeling strategy

> Goal: To improve the prediction of warm season
precipitation over the Americas, for societal benefit, and
to access the implications of clim

ate change.
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Sources of summer precipitation
variability

Influence of ENSO on monsoon rainfall;

Relative roles of SSTs (both tropical and extratropical SSTs)
and soil moisture on monsoon rainfall;

Why the rainfall patterns favour the dipole structure (e.g. the
dipole between rainfall over the Great Plains and the
Southwest ; and the SACZ and subtropical plains in South

America)?
Climate and weather link: Intraseasonal variability
The limit of predictability

Diurnal cycle associated and mesoscale variability with
monsoon rainfall

This complexity in terms of spatial and temporal scales and
climate system interactions (I.e., land-atmosphere or ocean-
atmosphere) necessitates an integrated multi-tiered
modeling and data analysis and assimilation strategy.
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Coordinated activities mostly related to SALLJEX
and NAMEO4 greatly aided in the identification of
critical iIssues

Diurnal cycle of moisture fluxes, land-sea breezes and precipitation
were identified early on as key features of the monsoon climatology
(Berbery, 2000; Salio et al., 2002, Marengo et al., 2004)

Early monsoon studies identified key uncertainties in NAM/SAM
regional climate(/case study) simulations related to convective

parameterization (Gochis et al., 2002, 2003, P. Silva Dias, pc 2003, Rozante and
Cavalcanti, 2006, Ruiz and Saulo, 2006)

NAME Model Assessment Project Phase-I (NAMAP-I) identified key
deficiencies in monsoon onset and diurnal cycle of precipitation and
land surface fluxes (Gutzler et al., 2006)

Due to sparcity of observing network global and regional reanalyses
generally possess significant error in representing regional patterns
of moisture convergence in the core NAM region

Lack of observations over Central South America affects the
representation of the LLJ and moisture convergence (Herdies et al., 2007)
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Examples
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Diurnal cycle

Phase (local time) of Maximum Precipitation (24-hour cycle)
Phase of 24—h Cycle (JJA) : p =<

(b) GFDL

110W 100w

From “Warm Season Diurnal Cycle Simulation — Issues in Global Modeling”,
Schubert and collaborators. NAME SWG meeting, Mexico, march 2005
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Diurnal cycle

2004 Diurnal Cycle of Total Precipitation Rate [mm/hr]

CORE Subregion — Global Modsls
June 2004 July Z004 August 2004
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Summer precipitation over SAMS (2002-2003)

COLA mean P"ECIPIth'OH CMORPH mean pr60|p|tat|on

From Saulo and
Nogues-Paegle,
VVPM8, 2005
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| and-surface interaction




Regicnal Models

NARR CAM3a CAMIb CAM3c
—f—— —h—— —1— —
CFs Fihd GEOSE GFS

Soil moisture across the CORE region
in most simulations does not vary
much from month to month.

Models with the most summer soil
moisture have the most variability,
highest precipitation rates and low

Surface Fluxes and Soil
Moisture

2004 Diurnal Cycle of Surface Air Temperature [K]

CORE Subregion — Global Models
June 2004 July Z304 August Z004
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How does Soil Moisture Influence the early stages of the
South American Monsoon?

Collini et al 2007, JCLI in press

Precipitation as a function of Soil moisture

. . . [20-10 S; 55-45 W]
Mean spring soil moisture

. |@mOct-81
: @ Oct-82
- |oOct-83
@ Oct-99

Precipitation changes

Aol T BOW S 40l 3

Soil moisture changes

There is more sensitivity to reductions of soil moisture than to increases
(closer to saturation)
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Cross section of the Moisture Flux

Moisture Flux
conbral
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Control Run

Mean Moisture
Flux
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A deeper boundary layer (higher top) that in turn has
associated a higher LLJ; tfogether with the reduction in
atmospheric moisture content, a reduction of the
convergence of moisture flux
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IMPACT OF ESTIMATED vs CLIMATOL. SOIL MOISTURE

(a) MCGAcy (b) GPCP () MCGAy — GPCP

Climat.
Soil The

moisture systematic

errors
persist and

Estimated 4'° |

soil Increased In

moisture e SACZ
and eastern
Amazonia

Difference of
the 2 runs

Souza and Cavalcanti, 2007
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Time Series of Total Daily Precipitation [em]
June 1st to Sept 9th, 2004; Averaged ocver CORE Subregion

Monsoon Onset
T CORE Subregion

Previous NAMAP results indicated
that global models tend to delay
monsoon onset unrealistically.

Most global models in NAMAP2
exhibit a pronounced increase in
precipitation across the CORE
subregion in late June, reasonably
consistent with observations.

This onset followed a widespread
but short-lived rainy period in
early June that was also captured
by most models.

16JUN
2004
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Need of more observations

SALLJEX Upper Air Neiwork During 1he soP 122000 120'?0”\/\1' HEemy Moo 114'?0”\/\1' NEom WWU'qUW 0800 106°00W 104'?UW 0200w

, 21 X T "’_M!? =

@ vionaus X . §

.Isﬂclﬂ

0
&

IQI..ITOI.

.A'\Cruaeim Do Sul
Apucalipa

PERU @rio Bronco @ 2ra Floresta

l:abi:u‘\
.lea

Aiea

.mnomno

'P‘U Maldonado ."\\qm"a BERAZIL

o ATiridad
.Culubﬁ

aequpads — Acaraz BOLIVIA
Santa Cruz ),

.Erosllio

LiRoboré Legend
X Balo Ho‘ernlE. EQP _PIBALS

Uyunish
Villarmentesh ®caompo Grance g EOPProflers
BIIWITING. Doumt\ .R'IO EOP_Soundings
| oo @ PARAGUAY @0 rauio -
1 Gonzalez i Asuncidnils lquamy Ocunia EOP T RH

Guanacos/h P
—— ¢ EOP_SFC_MET
Sge del Estere@ +  Climate Sta

Atestado
Mehoosal @cramical @eorto slegre \  EQP Raders

$1o Domingo @ Cérdobo® /\parana g  EOP_Sn
i
ARGENTINA @ Operational radiosondes

- NOAA_P3
@ Temporary radiosondes X e
Buanos .Mrea. P v r_
/£ Temporary pilot balloons oyt NAWE Tie
1220w 12D'EFD'W TEIW NEDDW 114'["’["’\/\/’ nromw  N0Tow 08P00W S 108°00W 10400V 10200

0 125250 50%_ 5/3/2003 D Gochis
e Kilometers NCAR/RAPIASP NHWG

78 -75° -72 -5%" b4 -63% .60 -57° -54° -51 -A48° 45" 42"

Fic. 4. Radiosonde and pilot balloon networks of
SALLJEX.

> SALLJEX 2002-2003 > NAME 04
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The reanalysis
using SALLJEX

data.

Herdies et al, J. Clim 2007 _
Mean low level wind at Santa Cruz

Variance Difference

Raob_pibal — CONTROL

850 hPa wind variance
difference (with — without
SALLJEX data)

> From Nogués
Paegle and Saulo,
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North American Monseon Experiment

Modeling Issues of the North American ‘
Monsoon: need for a robust regional
observing system

=

(courtesy Kingtse Mo)

Difference in CDAS moisture flux and precipitation w/ and w/out soundings and precip. data



Naerth American Monseon Expernment

Modeling Issues of the North
American Monsoon: Progress and

current issues

> NAMAP-II results from 2004 showing improvements in
model simulation of onset

> Significant problems with diurnal cycle and regional
moisture transport (LLJ) in global models remain

> Regional modeling studies producing reasonable diurnal
cycles of precipitation and intra-seasonal variability

Lingering uncertainties in timing and magnitude of land-

atmosphere and ocean-atmosphere fluxes which vary
widely in models. 2004 NAME data is helping with model

validation
Dependence of NAM rainfall on seasonal transient

behavior highlights need for robust regional observing
system
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What Is being done
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SMIP STUDIES
SEASONAL PREDICTION

> Investigation of Improvements in seasonal
prediction considering a multi-model ensemble

> CPTEC, SCRIPPS, IAP, KMA, MGO
CPTEC Multi-Model

CLIM DJF (ENSEMBLE-CMAP)
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Cavalcanti et al 2007 ( see POSTER and Lincoln’s presentation)
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Statistical method for multi-model
error correction

Period : January 1982 to December 2001

Model: AGCM CPTEC and
Different convection schemes

Kuo (KUO); Arakawa e
Schubert (RAS) and Grell
(GRELL)

ENS

Pezzi et al 2006

WCRP: Seasonal Prediction Workshop
Barcelona, 4-7 June 2007




Demeter products: Correlation
Coefficients

Core Amazon Region — Dec. US SW and N Mexico — July
1 month hindcasts 1 month hindcasts

. WCRP: Seasonal Prediction Workshop
Saulo and Saunier, 2007 & coionefl7 June 2007



What Is being done operationally?

NCEP — Canada
« Seasonal outlooks

IRI
» Different Regions worldwide

CPTEC
« Most concentrated in Brazil

Climate Outlook Fora (COF) for
southeastern South America (SESA)

Centro Internacional de
Investigaciones sobre el Fendmeno
El Nino (CIIFEN) in Ecuador,
coordinates COF activities in the
countries on the west coast of South
America,

40 45 5
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Distribuigdo de probabilidade (%) de ccorréncia de
chuvas em relagido a media historica

Acima da média histdrica
Fréximas & média histdrica

HAbaixo da média histdrica
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CPTEC's AGCM & CGCM
DJF PRECIP FORECAST ACC

CPTEC AGCM DFJ PREC ANOMALY CORRELATION

Courtesy of P. Nobre
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20 years, 10 member ensembles
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CPTEC's CGCM-AGCM
DJF PRECIP FORECAST ACC

20 years, 10 member ensembles, October IC

fP. WCRP! Seasonal Prediction Workshop
Courtesy 0 Barcelona, 4-7 June 2007




SLP FCST BIAS

OVER SE BRAZIL

viesH da presszdo ao NHH nas estagies de HETAR da regido Sul=-Sudeste
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North American Monseon Experiment

The NAME Forecast Forum:
Tracking skill in N. American warm
season precipitation forecasts

Purpose:
To provide an accessible, online forum, for the posting,
distribution, monitoring and synthesis of intra-seasonal and
seasonal forecasts of the North American Monsoon.

Principal Activities:

 Define and monitor key indices of monsoon behavior

Monitor forecast skill of intra-seasonal to seasonal
predictions of the North American Monsoon
Disseminate to the community a range of NAM intra-
seasonal and seasonal forecast products
Synthesize NAM forecast products into periodic consolidated
NAM outlooks
Link NAM monitoring activities with other monsoon
monitoring activities such as that currently under
development by NOAA/CPC and other institutions
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