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Introduction

* Prediction of future state of Atmosphere

— Understanding the physics of the atmosphere
— Using computer models (high power)
— Important for application in socio-economic sesto




e Tropical maritime climate-high rainfall& humidity
— Tropical cyclone-indirect effect (wind & moisture)
— Monsoon circulation-two season
* Northwest (Nov-Mar) & Southeast (Apr-Oct)




Global climate system
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The complexities of the global system are illustrated in this diagram.
Interactions and feedbacks within the system abound. Global change models

must account for all these factors, physical, chemical, and biological to reduce
the uncertainties regarding global, regional, and local climate change.
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This table compares simple and comples medels with reference e the different uses to which they can be put tsee texl For discussion arnd
clarilication.

Situple Models

Clampler Models

Generally produce zonally- or globally-averaged results, anid
nnly for: 'Lcmpemtum and L:mpernrum Lhnngts. ot Eor ather
wnablcﬂ such as rainfall.

Cannot simulate possible. changcs inclirmatic '.t.mahﬂ_ny us

auiput cuns:&ts of the climate change: 'u.gn.il onlky,

The elfects of physival processes are approximated based on
glcbnl[}r or zanu]ly-awmgcd c'c:m putations with low lempo-
ral rcs::alt_m_qn,_

Climate sensitivity and other uub\y}.tem ]JTDPI:HIL" miist be

lcpm.:fmd bused on the results of c*:tmpm: madels or obsm i-
tions. These pmpcmew can be readily altered for purposes of
s_n;nmuvuy testing.

Sufficiently fast that multiple scenarios can be simulated, and.

that runs with 4 wide rnge of parameter values can be
executed, Can he initialized in a steady state at lj.rtlc compil-
L.nmm.l COsL,

Useful for sensitivity studies involving the interaction of
lnrge-senbe climate system components,

Anulysis 15 eusy hecause simple models include IE]H.I‘.t\?E]}
lew pmccw:s. Interpretation of simple model results may
give insights into the behaviour of more comples models,

One-dimensiona] models connot simulate climatic. surpn S0,
far e}mmple sudden ocean circulaton changcs Twoedimen-
sional ecean models can give some insight into such changes,

slate.

Simulate the past und present peographical variation of
Lemperae, as wcl.l a5 other varables of climatic interest

such as rainfall, evapt’:rﬂtmm soil moisture, cloudiness, and
winds: and provide credible continental scale changes of

I:H_l-.l sonee of lheur: \rarﬁblc#.

Have the potential 1o simulate changes in important maodes of
interunnual vambﬂlty {e.g.. £ Nifo) as well as mean values.

Many physical processes are directly simulated, necessitating
the use of a short time-step bt allowing resolution of the
diurnal cyele,

Climute sensitivity and other subsvstem properties are

computed hased on & combination of physical laws and sub-
‘erid scude model parametrizations.,

Camputational cost strongly limits the number of cases that
can be investipated and the ability to initialize in o steady

Useful for studying those Tundamental processes which can

“be resolved by the model,

Maodel behaviour is the result of many interacting processes,
a5 i the real world Studies with complex: models indicate

‘what processes. need 1o he included m simple models and, in
“some cases, how they can be parametrized.

_HGGGMS.F::H[ simulate major changes 1n ocean circulation
but the timing and nature of such changes may ot yet be reli-
ahle.
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Seasonal Climate Prediction in Southern Africa:r€uafr and
Future Trend
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Dep Var: INDICES N: 21 Multiple R3.798 Squared multiple R).637
Adjusted squared multiple R: 0.573 Standard esf@stimate0.612

Effect Coefficient Std Error Std Coef Taace t P(2 Tail)

CONSTANT -0.113 0.217 0.000 . -0.523 0.608
El 0.161 0.053 M4 0974 3.0620.007
ATI_EQ -0.107 0.032 -0.4910.97/8 -3.3240.004

SP_JAS 0.163 0.044 0.548.994 3.739 0.002




SKILL =70%




1 1982.000 -1.837
2 1986.000 -1.512
3 1980.000 -1.297
4 1985.000 -1.203
5 1988.000 -0.946
6 1981.000 -0.562
/ 1995.000 -0.449
8 1992.000 -0.383
9 1994.000 -0.361
10 1989.000 -0.167
11 1979.000 -0.159
12 1978.000 -0.001







Major El Niflo Events




Comparison between 3 major El Nino episodes
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Multivariate ENSO Index for the 7 strongest
historic La Niiia. events since 1949 vs. current conditions
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Basic Equations of models

In terms of terrain following coordinates (x, v, ¢), these are the equations for the nonhydrostatic
model’s basic variables excluding moisture.

Pressure

ap’ L Pro T
—%—pgw+7p?-v=—\f*?p +T(¢%+H_GDE) ( l)

Momentum (x-component)




Basic Equations of models
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Thermodynamics
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Advection terms can be expanded as



Basic Equations of models
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Divergence term can be expanded as
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Model Schemes
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Limitations

e Inadequate observations
* Inexact definition of climate
* Incomplete understanding of system




Seasonal Climate Prediction in Southern
Africa: Current and Future Trend

The future will be dominated by
dynamical modelling. These




The End and Thank You




The only hope we have to be able to understand and
possibly predict some of these changes is to use
numerical models to investigate the dynamics of

atmosphere-ocean dynamics.

Atmospheric and ocean numerical models can be put
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Oceans -- Solil -- Cyosphere -- Biosphere




Nurmerical lllodels:Oceans

Atmosphere
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Discretization Methods

The atmosphere and the
ocean are divided in
computational cells:
(Temperature, Wind,
Rain, Sea Ice, SST,=
Salinity, ... ) bOts
horizontally and
vertically.

The dimensions of the
cell are usually not the
same in the atmosphere
and ocean component

f the differen



Numerical Mocels:Coupling

Atmosphere

% COUPLER:

(1) Interpolate from the
atmospheric grid to

the ocean grid and vicever sa.
(2) Compute fluxes

Latent Heat FlI

Oceans-- Sea |l ce

sensible Heat




Project of the Earth Simulator Computer (Japan) :
objective, a global
coupled model with 5km resolution




axperimental Strategy (1)

Coupling
Coupling
Coupling
Coupling
Coupling
Coupling
Coupling
Coupling

Ocean

This choice would require to have similar time stégr

both models, for instance 30min for the atmospheric
model and 2 hours for the ocean model.
Computationally very expensive




axperimental Strategy (2)
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very long time very long time

Ocean

This choice save computational time at the expense
of accuracy, but for very long simulations (thou$san
of years) may be the only choice.




Initialization

Coupling
Coupling
integration

Start of

Coupling
Coupling
Coupling

Integrate the coupled model for
a period, e.g. two years, but
impose observed

surface temperature and salinity
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Spin-up the ocean

But sometimes the models are simply started fromatblogical
conditions or, in the case of climate change expeanmts, the

procedure may become much more sophisticated tuatéor effects
from soil and ice.
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The first coupled models had large drifts to areahstic climate state. It
was then proposed to include a correction to grttarrect for the poor
fluxes that were exchanged between the models.cbnisction, known
as “flux-adjustment” allowed early experiments, lsubecoming less
necessary in modern models.

The following slides will show some of the resdism an integration of
a coupled model, developed at our institution allaboration with




Atmosphere Coupler
o) = (352 -

ECHAM-4:

Max-Planxk -Institute,
Hamburg

Roeckner et al., 1996)

Global

Spectral T30 (3.75 x 3.75 deQ)
19 Vertical levels

OPA 8.1:

LODYC, Paris,

Madec et al., 1998)
Global

2 deg longitude

0.5 - 2 deg latitude

31 Vertical Levels
Climatological Sea Ice




Review of Southern African
Regional Climate Outlook Forum
(SARCOF)







Correlations between

the Sea Surface 05 =%

Temperature in the
equatorial Pacific

observationand two
200 years simulations
of coupled model are
shown, atower
resolutionand at a

: The
models reproduce
global patterns, but the
propagation of the
teleconnections into
the midlatitude is still
poorly represented.
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ERA (25%) ECHAM4 AMIP (25%)

SINTEX T30 (18%) SINTEX T42 (26%)




ECHAM4 AMIP (11%)
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G. Philander,
El Nino, La Nina and the Southern Oscillation, Aemic Press
A complete monography on the most important coupled phenomenon

Washington and Parker, 3-D climate modeling, Acadd®ness
A comprehensive treatment of the numerical techniquesusedin
coupled models

PRYSICS OF

E“MME Peixoto and Oort, The Physics of climate, AIP Press
The climate system at work, a compendium of what the

BEYOND ELN'NO



e WwWWw.clivar.com

— Site of the international CLIVAR program and o tGoupled
Model Intercomparison Project (CMIP)

e www.dkrz.de

— Center of Climate Research, Hamburg, Germany




Really, there should be no conclusion. We have only
started to understand the behaviour of coupled mode
and there is still a long way to go. Open problem
Involved the regulatory mechanisms of variability a
longer and longer time scales and the a propantesd
of ice and land processes. Maybe we should folloav t

following advice:
WIZARD of ID

| dims




SADC CSC REGIONAL CLIMATE SERVICE DELIVERY FOR
SOCIETY IN SOUTHERN AFRICA DEVELOPMENT
COMMUNITY
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« SADC Meteorology Sector

 RISDP& Met Chap of Protocol of TCM
 Role of SADC Climate Services Centre
o Operational Activities




Objectives of SADC M eteor ology Programme

The objective for the Meteorological Sector is to
establish systems and infrastructure that are fully
Integrated, efficient and cost effective to meet
the requirements of the users, and to minimise
adverse effects associated with the severe
weather and climate phenomena. This objective

aVYel aV¥a ayYa¥Ya I W e N\ ™\ 1 7 20 2% e



Regional Indicative Strategic
Development Plan

The Regional Indicative Strategic Development RRISDP) is
underpinned by the SADC vision, which charts threation for the
development of the region. The Declaration "Towdh#sSouthern
African Development Community", adopted in WindhpBlamibia,
on 17 August 1992, by Heads of State or Governmmke8buthern
African States, calls upon all countries and peoplBouthern Africa
to develop a vision of a shared future, a futuréawia regional
community.

The SADC vision is one of a common future, a fatura regional
community that will ensure economic well-being, noyement of the




Protocol Of Transport, Communications
And M eteor ology

 The development of seamless, integrated,
efficient, safe, cost effective and responsive
transport, communications and meteorology
systems is important to the realization of the
general objectives of SADC. The SADC Protocol
on Transport, Communications and Meteorology,
signed in 1996 and effected in 1998, provides the




Regional M eteor ological Support Networ k

The support network recognizes that among other
things:
* the scientific and technical potential of speskd

services at national centres is optimally utilised,
especially in agrometeorological aspects of food,




Climate Services Centre

Consistent with the RISDP & Protocol (TMC), the
SADC Climate Services Centre (CSC) is an institutio
of Southern African Development Community (SADC)
comprising 15 member states with well over 250iamll
Inhabitants.

It is against the realization that:

USADC countries experience recurrent climatic




Climate Services
Centre
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HISTORICAL BACKGROUND OF CSC

1 Established in 1989/90 together with Drought Maomng
Centre (DMC) Nairobi (now ICPAC) by African GvtstwiwMO
as Executing Agency. Together responsible for 2ihttees of
Eastern and Southern Africa

1 Central objective to have regional approaches trgating
adverse climate impacts to socioeconomic develomsnen

4 Initial funding from UNDP

U Next funding from the Belgian Government, with aadibion




ROLE OF THE SADC CSC

1) OBJECTIVE

To contribute to mitigation of adverse impacts
extreme climate variations on socioecono
development.

O This is achieved through the monitoring of near-t@ae climatic
trends and generating medium-range (10-14 days)|@mgirange
climate outlook products on monthly and seasonab (@onths)
timescales.

1 These products are disseminated Iin timely manner the
communities of the sub-region principally througme tNMHSSs,
regional organizations, and also directly throughag services to
various users who include media agencies. Our ptecare readily
available on our website: http:www.sadc.int, elnwddress Is:
dmc@sadc.int



 The provision of products and services enables the
formulation of appropriate strategies to combat the

adverse effects of climate extremes on socio-ecaom
development.

O Since establishment, the centre has played an
Important and useful role in providing the sub-oggi




2. OPERATIONAL ACTIVITIES

» Developing and archiving of global, regional antiorzal
guality controlled climate databanks

*Providing of climate monitoring, prediction and apation
services,

»Conducting training and capacity building actistia the
generation and application of climate products,




PRODUCT DISSEMINATION
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3. CAPACITY BUILDING ACTIVITIES

dTraining SADC (NMHSs) staff on developing climate
monitoring and prediction techniques of NMHSs tlglosouthern
Africa Region Climate Outlook Forum (SARCOF) prozes

U Developing synergies with sister organization indesr to
provide best practice in climate diagnosis& pradrtt

Strengthening links with users from sectors sucheadth, food

security (early warning systems), water resourcesmagement,
media, tourism industry, etc.




4. SOUTHERN AFRICA REGIONAL CLIMATE OUTLOOK
FORUM

The SADC DMC/CSC organized the sixteen SouthernicAfr
Climate Outlook forums (SARCOF),

U It provided a consensus seasonal climate outloak for the
SADC region.

O Strengthened interaction between the users ancclimate
scientists to enhance the application of meteokolog the




Definition

* Regional seasonal outlook prediction and
application process adopted by 15 SADC
member states




Background

e SARCOF was established under the
auspices of the workshop organized by
DMC, SADC and IRI in Victoria Falls,




15 SADC countries
participating in SARCOF

 Angola, Botswana, DRC, Lesotho,
Madagascar, Malawi, Mauritius,
Mozambique, Namibia, Seychelles, South
Africa, Swaziland, Tanzania, Zambia,




ODbjective

 Promote technical and scientific capacity In
producing, disseminating, and applying
climate forecast information in weather




The SARCOF Process

3 to 6 weeks




Timetable of SARCOF events

Venue Wor kshops Consensus Correction
M eetings M eetings
Zim(Kadoma) Sep. 1997
Nam(Windhoek) Dec. 1997
Zim(Harare) Sep. 1998
Dec. 1998

Swaz(M babane)




Special Features of Southern
Africa

e Members of SADC

 Experience common weather and climate
patterns

e Prone to natural disasters




| nstitutional Frame-wor Kk

|. Regional Bodies:

— CSC Gaborone
— SADCI& S

— SADC/ REWU
— ACMAD/ICPAC
— NMHSs




Participants of SARCOF

Process
« Meteorological Issues < Applications
- Weather forecasters - Agriculture
- Directorsof NM S - Hydrology & Water Resour ces
- Climate experts - Finance

- |nsurance




Capacity Building Wor kshops Activities

1. Basic Computer Appreciation
2. Demarcating Regions by Homogenous Zones

3. Developing Statistical/Empirical Seasonal
Rainfall Forecasts Models







SARCOF Meetings Activities

e Present various results of research on climate and
Its Impact on economic sectors in the region

e Present seasonal forecasts from various sources
(International Forecast Centres, Regional




Benefits Achieved

o Capacity building of weather forecasters, media
& users.

 Technical upgrade of NMSs (initially each NMS
was issued with PC hardware & software).

 Development of national prediction model.




Institutionalisation & Sustainability
ISsues

e Institutional Strengthening
 Funding
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Coupled models can reproduce
over-all pattern, but they tend to
be warmer than observations in
the eastern oceans and colder i
the western portions of the ocea

Marine Temperature in the mod
are too narrowly confined to the
equator, the observations are

wider
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VERIFICATION OF
SEASONAL TO
INTERNANNUAL CLIMATE
PREDICTIONS




CONTENTS 1

e What is verification?

 Why bother?




CONTENTS 2




WHAT IS VERIFICATION

e “check truth or correctness of”




WHY BOTHER WITH
VERIFICATION

Support better decision making-scientific/Admin

e assess relative performance

 assist with consensus forecasting




HINDCAST V. REAL-TIME
FORECAST

* hindcast verification is major focus here-why?




CARE IS NEEDED

e Tornado forecasts Percent correct V. hit rate SlUg

e above “average” forecasts




PERFORMANCE MEASURES

« 1. Percent correct = 100(2680)/2803
= 96.6%




CONCLUSIONS:
VERIFICATION

e |S crucial

e requires care




SUMMARY




OND 2000

! ! ! - OND 2000 FORECAST FOR 2X2 GRID OVER FORECAST DOMAIN
R 1 1 1 1 1 1 1 1
o CATEGORY V/ITH HIGHER WEIGHT |-
— 2
A
L m B
2 0
w | N v
N E
- H
B -1 L 0
R
-1 ¥
-] Ad- A
W | -
ﬁ 18- L
rE
VII ol O [
24 0
i 26 W
A ove-normal 24
30 -
N Mermal | |
=4
B Below-normal -
10 12 14 18 18 20 22 24 28 28 30 32 34 30 38 40 42 44 40 48 50 K2 B4 56 £A &0




RANKING OF 22 DEGREE GRID BOX OVER FORECBAT DOMAIN FOR OND 2000 OBSERVATION
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