SAWS ACTIVITIES IN Weather

and Climate Forecasting

“Climate is what you expect — Weather is
what you get”

By: Dr. Linda Makuleni; CEO South African
Weather Service
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IPCC Report, Global Trends and
African Chapter
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El Nino and Global Weather Systems

Worldwide changes
during an EI Nino event

s ¢

quator
Dry

temperatureé
4°c higher
than normal

New
Zealand

Reference: DMISA CONFERENCE 2011 : 14 - 15 SEPTEMBER 2\ South African

ald— Weather Service



GLOBAL CLIMATE CHANGE PROJECTIONS

CONTINENTAL SURFACE TEMPERATURE ANOMALIES:
OBSERVATIONS AND PROJECTIONS
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South African Perspective
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Climate Change Indicators in South Africa
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Mean annual 2m temperature has
been warming by > 0.1°9 C/ decade
over most of South Africa in the last
~30 years (Tmax has also been
warming)

Only weak (not significant at the
10% level) negative trends in DJF
precipitation totals are found

DJF precipitation characteristics that
have been found to show notable
changes include: 1) interannual
rainfall variance (=> an increase in
the frequency of floods and
droughts); 2) summer rainfall
season boundaries; 3) frequency of
DIJF dry spells; 4) precipitation
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SA :Noteworthy results from historical data

Mean annual rainfall anomaly for the period 1961 - 2010
Mean femperature ancmaly for 27 selectad South African climate stations fiom &4) (based on South African districts rainfall data)
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SA : Noteworthy results from historical data

Comparisons between 1962-2009 results and those for longer periods

Indication of persistence of trend over periods much longer than common analysis period
provides confidence that observed trends over 1962-2009 also applies for longer terms.

Stations with recording periods much longer than 1962-2009 show accelerated warming
since mid to late-1960’s — consistent with average global trend:

TX90P cape agulhas_1911_2009
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 SA: Noteworthy results from historical data

Temperature: Most regions show significant increases in annual mean temperatures - also

increases in extreme events;

Some regions warm faster than others, e.g. Northern Cape;

Rainfall: Increases in extreme events and anomalously dry/wet periods over specific regions;

Cloudiness: Significant changes in total and low cloud cover over some regions —impact on
temperature change, diurnal temperature range, evaporation;

In light of observed and projected changes —imperative to quantify impacts of climate change

which will be experienced by different sectors.
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with Jan—-Dec averaged ERSST v2 SST 1970:2
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e SSTs around South Africa have
been significantly warming in
recent years (> 0.5°C/ 100years)

e Associated with this is an
increase in sea-surface height
due to thermal expansion

e Positive trends in wind speed
along the South African coast

e Increase in coastal wind speed
and storminess, and sea-level
rise increase the risk of coastal
flooding
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Climate change projections over South Africa

Hot spells are projected to become more frequent and prolonged in
future summers

An increase in the frequency of precipitation extremes (floods and
droughts) is projected

Changes in DJF total precipitation remain uncertain with current climate
models used in the IPCC 4t Assessment

There is good evidence supporting a likely increase in the frequency of
short-duration high intensity precipitation events => an increase in the
risk of flash floods

Sea-level height will continue to rise along South Africa's coasts, due
primarily to thermal expansion of sea water
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Climate change impacts across different sectors in
South Africa

e The South African Country studies predicted
some of the potential impacts of climate change
likely to impact on South Africa, including:

e Health
e Infectious diseases such as malaria and Schistosomiasis
o Weather related mortality such as heat stress
o Biodiversity
e Loss of biodiversity
e Extinction of species e.g. Fynboss
e \Water resources
e Water supply due to scarcity
o Water quality

e Competition for water resources- highly dependent on
Lesotho

e Agriculture
e Crop yield will be reduced "
e Demand in irrigation will increase j 2outh Africon
g \\_-)
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Potential impacts on health

e Warmer temperatures, particularly in summer favour the multiplication of some
pathogenic micro-organisms in food thereby inceasing the risk of foodborne
diseases especially in rural communities of South Africa

e The concurrent increase of rainfall intensity and frequency of dry spells
potentially lead to an increase in bacteria is surface water

e An increase of reservoir water temperature leads to an increase in algal blooms
which affect water quality

e Flies and diarrheal diseases are a potential threat particularly in high settlement
areas of South Africa

Potential impacts on Infrastructure

e Climate change brings with itself an increase in the
frequency and severity of stormy weather which
potentially damage infrastructure

e Sea level rise increase the risk of coastal flooding and
storm surges. Coastal defenses need to be
strengthened appropriately

e The increase in precipitation intensity and the
associated increase in the risk of flash floods has % )ﬁ‘sOutn African
implications for sewage infrastructure Sl Westher Antvice




Impact of Disasters on South Africa:

1920-2008(Source: CRED)

Homeless
Injured

Damage

95% of Natural Disasters in
Southern Africa are weather
related

Most important disasters for
South Africa is drought, floods,
wild fires, windstorms

Internationally, flooding kills
annually on average 7,500
people, of whom about 5,000
are from flash floods

In SA between 1980 and 2009
on average 35 people die
annually due to large flooding
disasters (declared disasters)
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Role of South African Weather
Service
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The SAWS “Seamless” Forecasting System
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SAWS Observation Network A9

South African
Weather Service

20 Regional weather offices
130 Automatic Weather Stations
112 Climate Stations
* 1512 Rainfall Stations
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Infrastructure and Observations (continued)

Radar Network =14 radar

Skl;.‘kuza

Cape Town Intl
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Cape Town [Const)
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Lightning Detection Network

SAWS Lightning Sensor Locations
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Satellites
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NOWCASTING: 0-2 HOURS
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Lightning
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Accuracy and Efficiency of Detection
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Lightning around Sandton City on 26 November 2005
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VERY SHORT + SHORT RANGE FORECASTING
v
Observations NWP GCM Coupled: GCM+ Ocean §
-Satellite -Regional -Medium range -Ensembles ~ -CCAM -Ocean Models-
GCM Ensembles
-Radar (SADC) (ECMF) e Ensembles
-Local (SA) -Ensembles -MOS
-Synops
(NCEP)
-Mesoscale >
"LDN -MOS % E
, -Ensembles T '@
-Upper Air ) O +
(poor man’s) o 3
o
-MOS 30 Days- 2 Years L 5
\
[
Outlook: Outlook:
Outlooks: _Rainfall & -Rainfall and
_Potential temperature temper?ture
, hazardous anomalies anomalies -
yvarnings. weather -Rainfall and 3
-Severe weather events Temperature o
_ : Tendencies o
-Daily weather -Rain and .
elements temperature -Climate
_Severe anomalies Change
weather
Disaster Disaster Man, | Disaster Man, Commerce, Commerce, Strategic planning @
managemeijt,  Agriculture, Public, Agriculture, Agriculture, Agriculture, Energy, S
Hydrology, Hydrology, Agriculture, Health,Energy  Health, Energy _ 5
Public Commerce Commerce Environment. fri2an

\/\/ Weather Service
Reference: DMISA CONFERENCE 2011 : 14 - 15 SEPTEMBER



Numerical Weather

Prediction Models ( NWP)
)

I e Model - UK Met. e

WUV T T Ty LA Global Model:
L N e Y *Horizontal Resolution = 25 km
Wilttungu 0B BN, 5207/, /) *Vertical Resolution = 39 levels

Regional Model:

* Horizontal Resolution = 12 km
*VVertical Resolution = 70 Levels
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Short-range weather forecast models

UM 12km horizontal resolution — xaana Run:
Accumulating Precipitation for past 6 hours (mm)

UM 12km horizontal resolution — xaana Run:
Accumulating Precipitation for past 24 hours {mm)
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UM 12km horizontal resolution — xaang Run: UM 12km horizontal resolution — xaang Run:
Accumulating Precipitation for past 24 hours {mm) Total Precipitation for past 3 hours {mm)

J 225 J

245

285

283

05

325

345

J63

365

196 18E 18E (13 24E avE 0E I3E 35E

Total precipitation of 007 to 247, 11 JUN — Initiated 007 11 JUN 2009 Total precipitation of 067 to 09Z, 11 JUN — Initioted 00Z 11 JUN 2009
UM 12km herizontal resolution — xaana Run: UM 12km horizontal resolution — xaang Run:
Accumulating Precipitation for past 24 hours {mm) Total Precipitation for past 3 hours {mm)

225 J ¢

5
248

248

265 265

283

a5 05

325 325

345

363

JG3

365 305

3 15E 14E oE 24E 27E 0E I3E 3BE n

Total precipitation of 007 to 247, 11 JUN — Initiated 007 11 JUN 2009 Total precipitation of 067 to 09Z, 11 JUN — Initiated 00Z 11 JUN 2009 ,
e ARy TEET WSS



MEDIUM- AND LONG-RANGE FORECASTING
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Limits of Longer Range Forecasts

Great progress has been made to predict the day-to-day
state of the atmosphere (e.g., frontal movement, winds,
pressure)

However, day-to-day fluctuations in weather are not
predictable beyond two weeks

Beyond that time, errors in the data defining the state of
the atmosphere at the start of a forecast period grow and
overwhelm valid forecast information

This so called “chaotic” behaviour is an inherent property
of the atmosphere (Edward Norton Lorenz)
Reference: DMISA CONFERENCE 2011 : 14 - 15 SEPTEMBER \) South African
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How is it then possible to predict seasonal climate
anomalies?

Predictions of rainfall, frontal
passages, etc. for a particular day
at a certain location several
months ahead has no usable skill.
However, there is some skill in
predicting anomalies in the

Sea-surface temperature (SST) anomalies of
seasonal average of the weather. September 1997 (El Nifio of 1997/98)
The predlctablllty Of Seasonal Anomaly: departure from the mean or average
climate anomalies results primarily
from the influence of slowly
evolving boundary conditions,
and most notably SSTs (i.e., El Nifo T o0 !
and La Nifa), on the atmospheric e
circulation. | |

Sea-surface temperature (SS§) anognaliestdf African

Reference: DMISA CONFERENCE 2011 : 14 - 15 SEFTEMBER  November 1988 (La Nifia OMWeather e

30N BN Q0N
I 0 o

Latitude
4
T T

WS 80°S  W'S
T ==l 1



Model Output Statistics (MOS) is a statistical technique that forms the
backbone of modern weather forecasting. The technique is used to post-
process output from numerical weather forecast models.

Generally speaking, numerical weather forecast models do an excellent job
of forecasting upper air patterns but are too crude to account for local
variations in surface weather. Pure statistical models, on the other hand, are
excellent at forecasting idiosyncrasies in local weather but are usually
worthless beyond about six hours.

The MOS technique combines the two, using complex numerical forecasts
based on the physics of the atmosphere to forecast the large-scale weather
patterns and then using regression equations in statistical post-processing to
clarify surface weather details. The accuracy is generally far better than
either a pure statistical model or a pure numerical model (NWP).

Weather Service
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EXTENDED RANGE FORECASTING
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SEASONAL & CLIMATE FORECASTING
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SAWS Operational Multi-Model System

Current Multi-Model Setup for Long Range Forecasting

GCM Raw Statlst.lcal Statistical Combination of
Downscaling to a

Forecast at a Fine Individual GCM
Resolution (~0.5°) Forecasts

Forecast at Coarse

Resolution (~2.5°) Fine Resolution

(~0.5°)

Current GCM’s in use
JECHAMA4.5 — SAWS
LJCFS — NCEP
UECHAMA4.5-MOMS3 — IR

L Current Statistical Software used
U Climate Predictability Tool (CPT) — IRI

38
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Example of Multi-Model Seasonal Forecast
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U Currently only probability maps are produced

WForecasts for 3 rolling (monthly) 3-month seasons

W Current variables include Total Precipitation, Minimum and Maximum Temperature
0.5 Degree resolution from 5N-35S and 5E-52.5E

QVarious Formats can be provided
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SEVERE WEATHER WARNING
SYSTEM
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How does the SAWS SWWS link into the
MHEWS?

« NDMC is the custodian of the SA-MHEWS according to the National Disaster
Management Framework

* The SAWS Severe Weather Warning System is a component of the SA-
MHEWS
» However, it is currently the most prominent and advanced component
e Other components of the MHEWS involving SAWS include:
» The enhanced warning of flash floods (SAFFG) — SAWS as monitoring agency
» The veld fires (NFDRS — coming soon) — SAWS as monitoring agency
e Others needing development involving support from SAWS
» Tsunami warnings — SAWS providing dissemination infrastructure
» Storm surge warnings — SAWS as monitoring agency
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SWWS as an End-to-End Warning System

T,

Communities
at Risk




South African Multi-Hazard Early Warning System

- \Monitoring A Standardized

Dissemination &
Response

COMMUNITIES
AT RISK

1 -
AV
» National DMC

* Provincial DMC Luth Afridin
« Municipal DMC eather Sepfice


http://en.wikipedia.org/wiki/File:Tsunami-kueste.01.vm.jpg
http://en.wikipedia.org/wiki/File:SanFranHouses06.JPG
http://en.wikipedia.org/wiki/File:Seymour_Texas_Tornado.jpg

2.2 ENHANCEMENT OF SWWS FROM 1 OCT 2010

e Based on international best practices (WMO
& international Weather Services as

be nc h ma rk) No Advisory: Watch:
. Warning Be aware Be prepared Take action
* Introduced 3 color-coded alert categories:
Advisory / Watch / el BMe!ating to )

specific hazard thresholds and lead-times

e Standardized content of message

uf}]

;"5\—'-:

e Standardized verification mechanisms

e Standardized on dissemination format (CAP,
new ISO), soon to be operationally available

 SAWS new Warning Generator (soon to be
operational, using CAP format)

 SAWS updated Warning Webpage (interim
page operational, upgraded page to be

developed) \-) South African
al— Weather S¥rvice
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Classification of Severe Weather Hazards

HAZARD

DEFINITION

1 Extremely hot conditions

Maximum temperature forecast 40°C and above

2 Very cold conditions

Maximum temperatures 10°C and below and/or Minimum -10°C below

3 High discomfort values.

Discomfort Index meeting or exceeding 38°C (or 100 °F)

4 Heat wave

3 consecutive days with maximum temperature be more or equal to 5°C higher than
average max of the hottest month for the station

5 Gale force winds and
stronger

Average wind speed of more than 34knots (62 km/h) or gusts in excess of 44knots for
land based regions

6 Veld Fire Danger Rating

If the fire danger rating is high according to the NFDRS work instruction

7 Heavy rain 50 mm or more within 24 hours
8 Flash Flood Flash flood as defined by SAFFG work instruction
9 Snow Sufficient snow to cause disruptions in passes and /or populated areas

10 Severe thunderstorms

Severe Thunderstorm with one or any combination of the following: Hail of greater
than 19mm diameter or large amounts of small hail, Tornadoes (any), Wind gusts
50kts or more in association with a thunderstorm

11 Destructive coastal
waves

Abnormally high coastal waves with combination of Spring tides and heavy swell, or
total sea of >7m where the waves expected to cause significant coastal damage.

Reference: DMISA CONFERENCE 2011 : 14 - 15 SEPTEMBER \) South African
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Standardization of Terminology

e Standardization of terminology used in early warnings developed in
line with CAP protocol (Common Alert Protocol — international
standard)

indicating the type of warning,

alert level (for example Severe Weather Watch),
the impact expected,

duration

and advice to the public (in the CAP message).

* All advisories, watches and warnings issued either on the web, or to
the printed or electronic media, or sent by SMS to disaster managers
must comply to the standard text.

Reference: DMISA CONFERENCE 2011 : 14 - 15 SEPTEMBER 2\ South African
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Standardization of Alert Categories:
Reflecting Increasing Urgency of Hazard Risk

No Alert

No hazardous
weather
expected in
next few days

Advisory

Be Aware!

Early warning
of potential
hazardous
weather

2 to 6 days
period

Watch

Be Prepared!

Weather
conditions are
likely to
deteriorate to
hazardous
levels

1 to 3 day
period

Warning

Take Action!

Hazard is
already
occurring
somewhere or
is about to
occur with a
very high
confidence

Next 24 hours,
3 hrs for FF, TS




ENHANCED TECHNOLOGY IN SUPPORT OF EWS:
Forecasting using Numerical Weather Prediction

» Forecasting tools provide scientific
information on the likely Advisories,

Watches and to be issued in
the 17 days r
— Ensemble prediction system products W

provide information on the certainty of a B N —
specific event happening in 1-7 days

— Numerical weather prediction from the — Sea-level Proams ous)
Unified Model provide detailed guidance
on intensity of weather hazards in 1-2 days

UM Eneemble 15km horizental resolutio)
Total Precipltation for Today quat 24 houmi‘I {mm)
28

\) South African
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http://cyclone.saws.co.za/ens_srnwp/tprecip_tot_48.gif

Enhanced Technology in Support of EWS:
Nowcasting using Radar and Satellite Tools

Prababi ly loc conva hunder stnr i f toges or
averoq 2 OGZ

0 Tm
' .:,.- e ‘ :
t%’ e ".L/h~—,":-,.'

» Nowcasting tools allow high level of
detail in severe storm

next 1-3 hours

— Nowcasting tools essential to identify -
and locate severe weather S
phenomena, the predicted areas
under threat in next 2 hours

— Existing C-Band and new S-Band radars
vital to forecasters to locate severe
thunderstorms and predict their
movement

— New satellite tools indicating areas of
potential convection, and estimation
of rainfall

Reference: DMISA CONFERENCE 2011 : 14 - 15 SEPTEMBER




Enhanced Technology in Support of EWS:
Flash Flood Warnings

» SAFFG flash flood guidance
system provides guidance on
potential flash flood watches
and D0lgglialeBln next 1-6 hours

— SAFFG is modeling the likely
hydrologic response of small river
basins to rainfall

— Estimates how much rain is
needed to cause minor flooding
using hydrological principles

Reference: DMISA CONFERENCE 2011 : 14 - 15 SEPTEMBER
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2.4 EXPERIENCES OF SUMMER 2010/2011

Case Study 1: Flooding in Gauteng: 15-16 Dec 2010

Vereeniging

e Over 133 mm of rain fell overnight

on 15/16 Dec over the Gauteng and m
surroundings

Rain (mm|

— In Southern Gauteng 100 mm fell in

O
30
. 20
just 6 hours, I o —
o
C 0Oa 06 08 10 12 14 16 18 20 22
16 Dec 2010

— Northern Gauteng 60 mm in 6 hours T g RGO - o T SR

Time (hours)

o — M Precip (r /1hr —_—

* Severe flash flooding occurred in
various places, starting overnight in SAWS Headoffice, Pretoria
the southern parts, and later in the

morning further north in Gauteng

Rain [mm)

* |Impact related to some fatalities,
people displaced, severe disruption

and infrastructure damage P M/\\ ——

Time (hours)

s ) 1 7 Prescip (mm/ 1 he) e
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15 Dec
24:00

16 Dec
02:00

Flash Flood Guidance: Red show
basins where little rain is needed
for flooding

Flash Flood Threat: Green show
basins with excess rain above

Flash Flood Guidance

2010-12-15 22:00 U

'TC

Gauten

FFG-06hr}

Gauten

PFFT - 06 hr 2010-12-15 22:00 UTC




Warning Issued to Disaster Management

. . Figure: Snapshot at 06 hr SA time of basins
° Usmg the technology available where flooding were expected

forecasters issued flash flood e —Cautens
warnings throughout the night,
initially for Southern Gauteng, and
later to central and Northern
Gauteng (see table)

 Warnings were disseminated by SMS
to disaster managers in the relevant
district municipalities and
metropolitan areas

Hours of the night of 15" to morning of 16t

District Incidents |21 |22 |23 | 00
Sedibeng 16

Watches ( ) and

Warnings (red) issued West Rand 5

during the night of 15/16 Ekurhuleni 13

Dec 2010 -
City of Johannesburg 7
City of Tshwane 10




Case Study 2: Interaction with Disaster Management

| ’-. Situation:

&} On the 3 of February
§1 2011 reports from

B Disaster Management
came through that
roofs had been blown
off houses in the
Overberg region as a
result of strong gusts
and surface winds in
that region.

o il
¥ Areas of interest in the |
late afternoon and

evening are indicated '

in yellow circles

e r—

\ South African
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3. OTHER SERVICES SAWS RENDERS

5
5

g ‘-)..uSouth African
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Maritime Forecasts

5
6

\ South African
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Air Quality

 SAAQIS provides easy access to AQ data and AQ documents
(AQA, AQMP, reports etc.).

e SAAQIS will provide access to updated emission data (national
emission inventory).

» Avoidance of repetition/duplication in establishing emission
inventories.

» Modelers will have access to current emission inventory.

» SAWS is developing capacity to forecast ambient AQ
nationally, emission info in SAAQIS will be very valuable.

South African
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Public interface applications

environmental affairs ,&\ ®))

Department
Environmental Affairs South African

REPUBLIC OF SOUTH AFRICA Weather Service

Home || About SAAQIS || National Air Quality Monitoring Network Climate Change | | Ozone Layer Protection DEAT projects Feedbaok || Nows
Home 6

NAQM Menu Interactive Map Air Quality Graphs Search Documents
Login
Interactive Map N\
Air Quality Graphs . \
Air Quality Documents y &
Search Qocuments V
Request Data ~ \ g
Incidents
Contact Information

| St — | Request Data | Alr Quality Incidents Contact Information

Search Air Quality OMciaty

Search Publication ~

i
X

UPCOMING BVENTS

24/08/2010 - 27/08/2010
Introduction to Air Quality Monlwﬂnam
A ahovt course in Air Quality Mowitoving.

s & four day course lwading o an award o
NQF Lavel 8 Cactificate - 8 Pointx in the name
of the Univesity oF Johannesdurg, | Kead
AMocw

RECENT NEWS

06/04/2010 - %A Air Quality Act
taken nffect
The South Afrcan Natonal A Qualty Act

wheh mx:/om ar qualny mansgement it
South Afrca came into full mffect from Ape)
1 L Bead Mors

environmental affairs o “South African
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SAAQIS
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Line Chart
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SAAQIS Future Plans— Possible Modules

Ambient monitoring further development (Phase I)
Emissions inventory (Phase Il)
— Review of GHG Inventory Report
— E-reporting system (listed activities)
— Mandatory reporting of AEL holders (every 6 months)
— National Inventory Reporting
Air quality related legislation and regulations
The National Reference Laboratory
ODS Database

APA registration database (already exists in DEAT and needs to be transferred to
SAAQIS)

Research database — this module will provide a database with historical and upcoming
AQ research activities

AQ modelling and forecasting (Phase lll)

Air Quality Indexing system as a national pollution indicator — an AQ indexing system
will provide information on warnings etc.

South African

Weather Service
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CONCLUSIONS

* Results in general agreement with other recent studies: General warming trend, but
with weaker trends over the central parts of SA,

« Western half, and NE and E parts: Relatively stronger warming with significant
increases in “warm” indices (e.g. TX90P, TN90P), and decreases in “cold” indices,
e.g. (FDO, TX10P);

« Trends in TXX, TXn, TNx, TNN do in most instances not reflect general trends of
other indices — caution needs to be exercised to couple individual extreme events
with identified general long-term trends;

« Analysis of longer time series: Accelerated warming since 1960’s.

What is needed wrt seasonal forecasting is the following:
* Forecast verification

* Further optimizing of MOS forecasts for Africa

« Seamless systems for intra-seasonal characteristics

\) South African
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CONCLUSIONS

« SAWS Role
* Infrastructure Development
« Technology Advancement

 R&D : develop application to reduce impact of severe weather events, enhance
skill on decadal climate forecasting/information

« Building Human Capital Capacity and Capability
 Form Strong Collaboration with Partners
* Custodian of SA Climate Data

\) South African
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CONCLUSIONS

 There is a need to improve:

* Increased skill and competency in provision of better tailor-made
weather and climate information to disaster risk management structures.

« Close collaboration between different professionals

» Closer working relationship between weather and climate information
providers and disaster risk managers

 Weather and climate information need to be readily available and
understandable

* Incorporation of weather and climate information into disaster risk
management.

« Communication and dissemination of the information to different sectors
and vulnerable communities

\) South African
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Thank you

Website: www.weathersa.co.za
Weatherlines: 082 162
*120*555*3#

083 123 0500

“Understanding Climate through
Weather”

f ‘)-.'“South African
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