Short Term Climate Forecasting
Does 1t Work?

Beth Ebert
Bureau of Meteorology Research Centre; Melbourne

Can-Short Term Climate-Forecasting Improve Irrigation Efficiency? Workshep, Indooroopilly, 6-7 June 2001



What 1s meant by short term climate forecasting?

— Nowecasts 0-3 hours
— Short range weather forecasts 3 hrs - 2 days
— Medium range weather forecasts 3-10 days

Forecast quantities:
* Temperature

* Humidity

* Wind
 Precipitation

e others...



What 1s meant by “Does it work?”

(in the context of this workshop...)

— Does 1t provide useful information for making irrigation
decisions?

* What will the temperature be?
« Will it be windy?
e Will it rain?

e How much will 1t rain?



This talk will address:

1. What weather forecasts are easily available
2. Numerical weather forecasts from models
3. Accuracy of forecasts

4. Future developments and products
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FARMWEATHER

FARMYWEATHER is a detailed rural forecast available on
demand. It combines a weather graphics page, a recent satellite
picture together with an expert opinion composed by
meteoralogists in plain English. The information describes the
weather out to 4 days ahead for particular regions, allowing
effective short term management decisions to be made by
Agri-businesses and farmers.

You don't have to subscribe to Farrmweather. All you need is a fax machine. Simply set your fax to
‘poll mode' and dial in the number of the appropriate service. It's that easy!

Other custamized services for rural clients are available that include a combination of manual
forecasts and computer model output. These are mainly targeted at farming cooperatives where for
a modest fee, each member of the cooperative can access a detailed Web page tailored for their
region.

FARMWEATHER is available via fax for more than 20 regions throughout mainland Australia

+ Cueensland
+ Mew South Wales
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A rich source of meteorological and agricultural information
#=Home = Products I New Users I Archives = Subscriptions # Feedback » Site Map

Products Index

SILO provides a rich source of meteoralogical and agricultural data of particular interest to anyone
invalved in the agricultural arena. All meteorological products are brought to vou by the Bureau of
Meteoralogy.

B Bureau of Meteorology Weather Reports

The Bureau of Meteoralogy VWeather Reports provide you with the most current weather forecasts,
warnings, satellite images and mean sea level charts available from the Bureau.

b= Meteograms

Meteograms allow you to generate weather guidance for any location around Australia. They
graph certain weather variable outlooks for up to 7 days ahead, using one of four selectable
computer models, depending on the period & level of detail required. Meteograms are guidance
material only and do not represent the Bureau's 'official’ weather forecasts to the public.

= Weather prediction maps and grids

Weather prediction maps and grids {fram numerical weather prediction models) are available via
subscription fram the Bureau of Metearology.

= Rainfall Information

more...

Baimmfall infarmation for wour nanicular area of interest 15 availakhle for shant tirme frames Cregte



Sample meteogram
for Brisbane,
prepared Friday 1
June 2001.
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Numerical Weather Prediction (NWP) models

Input: observations of the atmosphere from surface stations,
balloon-borne radiosondes, satellites, aircraft, radar, etc.

[nitialization: 1insertion of observations into an existing “first
guess” field, followed by adjustment to ensure balance

Forward integration: equations for atmospheric motion (wind)
and physical processes (radiation, cloud development,
precipitation, surface-atmosphere energy exchanges, etc.)

Output: 3-dimensional fields of temperature, humidity, mass
(wind); surface-level fields of precipitation, fluxes, etc.



Global Assimilation and Prediction System (GASP)

Runs twice daily at 11 and 23 UTC, forecasts to 7 days
~0.75° spatial resolution

BUREAL of METEQROLOGY RESEARCH CENTRE

DAY FORECAST VALID 1200 UTE Wed 6 JUW 2001 MSL/THIK
100 110 1200 130 140 170

MR experimsntal resnlt

-0

180

Unlts: mm ISSUED: 22UTC 30 May 200

http://www.BoM.GOV .AU/bmrc/medr/mslpTHS8. html




Limited Area Prediction System (LAPS) suite

Nested inside GASP model
Runs twice daily at 11 and 23 UTC

LAPS - forecasts to 48 hours (2 days)
0.375° spatial resolution

mesoLAPS - forecasts to 36 hours (1 1/2 days)
0.125° spatial resolution

Tropical LAPS (TLAPS) - forecasts to 48 hours
0.375° spatial resolution (2 days)




LAPS suite (continued)

LAPS Melbourne domain
- forecasts to 36 hours (1 1/2 days)
0.05° spatial resolution

LAPS Sydney domain
- forecasts to 36 hours (1 1/2 days)
0.05° spatial resolution

O Hour Foracast
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Meteogram Day+1
RMS errors 1in temperature forecasts
30 April - 29 May 2001, 165 stations

System

GASP

LAPS
MesoLAPS
Tropical LAPS

Regional
Forecast Centre

Max T (°C)
2.28
2.78
2.45
2.76

1.56

Min T (°C)
3.34
3.98
2.75
4.46

2.04



Meteogram Day+1 T_ . bias (20 day average to May 27)

GA MAX BIAS  ANALYSIS 20 day avg to 20010527 LA MAXBIAS  ANALYSIS 20 doy ovg to 20010527
P - "

MA MAX BIAS  ANALYSIS 20 dny ovg to 20010527 TA MAX BIAS  ANALYSIS 20 day avg to 20010527
: N i

TLAPS ‘9

-513 —5:40 —4.00 —am T 1.00 0.c0 1

—5.53 —=5.00 =400 =300 —2.00




Meteogram Day+1 T, bias (20 day average to May 27)

LA MIN BIAS  ANALYSIS 20 do ay avg to 20010527




Meteogram Day+1 T_ . bias (20 day average to Jan 2)

GA Max BIAS  ANALYSIS 20 doy ovg to 200710102
o

Comment: Shows bad cold bias evident
during northern wet season in GASP Tmax
forecasts - attributable to simplistic land
surface/soil moisture scheme in use




5 km LAPS

Sydney region

T, Deg C; Wnd speed, m/a

CANTERBURY AWS (-33.007, 151.113)
After 2001 06 27 11 00 00 (Y MDH.InS) Minor units (H)-

Day 2¥ ——-> | «£——Day 28
17 23 5 i1 17 23

40.0 -

30.0 1

20.0 1

150 -

10.0

5.0

0.0 -

T {drr bulk) — oba. T {drr bulk) — modal Tind dirctn  — oba.

Tind apesd -— oba. TMod spaesd — model —_— Tind dirckn — modal

T (der podinot]- obe. T {de paint]— model



Australian verification data for 24 h QPFs

“Real-time” objective rainfall analyses are produced daily

within a few hours of 9 a.m. reporting time.

: . : - wéf ath
=02 18lEQrORRIC S S AN SO ;
. . . . . . . i : :
: : : ; : : : %\r:ﬁ : :
10 115 120 125 130 135 140 14525 150 15

~ 400 synoptic
stations report
every day

~ 1500 telegraphic
stations report only
when raining

~ 4000 cooperative
network stations
report at end of
month



Operational Objective Rainfall Analysis

3-pass Barnes successive corrections scheme:

Starts with field of zero rainfall
Pass 1 - 80 km length scale — smooth rainfall field
Passes 2, 3 - 44 km length scale — adds detail

.....................................................................................................................................................

Daily rain gauge analysis for 13980920

_____ AOT-S N U D A SR E R O

. SO NN IO AN N SR R S

_____ Final analysis is on a
e W 0.25° grid over
1O W | Australi

_____ T I SO SEUU SO SRS S S

T I _— T _— N _ »

115 120 125 130 135 140 145 150 155




Verification of quantitative precipitation forecasts

from NWP models
Maps Error statistics Time series
Global
Regional
Basin

Point



GASP 5-day rainfall forecast 1ssued 26 May for
26-30 May 2001

GASP O0—24 fost for 20010526

GASP 2448 fost for 20010527

forecast
_GASF' 48_—.7"2 fcs?. far 20Q10528

GABP 72-96 fest for 20010529

GASPE 96120 fost for 20010630

—r
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Cafly qauge dnadlyziz for 20010527
R A A A

Dafly qauge andlyziz for 20010529
T T TR

Daily qauge analysiz for 20010530

Caily gaune analysis for 20010528
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GASP 5-day rainfall forecast 1ssued 30 January for
30 January -3 February 2001

forecast
GAER Q0— 24 fost for 20’3101 ag GIKSF' P4—4E fost for 20010131 GulkSF' 45-77 fost for 20010201 GAEP '.-"2 Q6 fost for 20’310202 GASP 96— 120 fost for 2'3-01'3-205

observed
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Winter 2000
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2000031
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Verification measures for quantitative precipitation forecasts

Statistics for rain amount Statistics for rain pattern

Mean difference Correlation coefficient
Mean absolute error

Root mean square (RMS) error

Statistics for rain occurrence (categorical statistics)

rain forecasts

Bias Score BIAS = — _
rain observations
. . t rain fi t
Probability of Detection POD = COIT.GC raim orfacas >
rain observations

: false alarms

False Alarm Ratio FAR = —
rain forecasts
: correct rain forecasts — random hits

Equitable Threat Score ETS =

rain forecasts + observations — random hits



Australia-wide verification scores (model resolution)
for 1- to 5-day forecasts, January-May 2001

Model QPF Verification

0.8 LAPS LAPS GASP GASP GASP
0.7 1 _

0.6 -
0.5 + —‘ l — @ Probability of Detection
0.4 + m False Alarm Ratio

Score

0.3 - O Equitable Threat Score

0.2
0.1 +

1 2 3 4 5
Forecast Day

Note: Equitable threat score for “Persistence” forecast is 0.29,
1.€., equal to Day 3 score for model forecast




Verification scores for northern (tropical) Australia
48 h QPFs from 6 global and 1 regional NWP model

Bias Score

ETS

‘SON DJF MAM JUA SUN CJF MAM JUA SON DJF MAM JUA 0N CJF

1997 1938 1999 2000

ABOM JMA




Verification scores for southeastern Australia
48 h QPFs from 6 global and 1 regional NWP model

|
I

0.6

Odlme | . \

\

0.2 — —

(BN 1 ] ] 1 ] 1 ] 1 ] ] 1 ]
SON DJF hd A b JuA 20N OJF bt Ahd JUA 20N DJF hA AN JuA SOUN LJF

1997 1938 1999 2000

ABOM DWO ECMWF

UKMO

JMA

NCEP



Verification of NWP model
quantitative precipitation
forecasts (QPFs) for river
basins

. Fitzroy

- Brisbane

Murrumbidgee

roken-Goulburn

e
-




Inteqrated Rdin (km®)

0224

(mm,/day)

Fitzroy Basin

mesoLAPS 36 h

Observed mesoLAPS 24 h




Integrated Rain km‘}
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200 —
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Brisbane Basin
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Inteqrated Rain (ki)

2115

(mm,day)

Murrumbidgee Basin
mesoLAPS 36 h

Observed mesoLAPS 24 h



{km

(mm, day)

Inteqrated Rdin (km®)

.8

o4 —

O —

2.0
1206

1226

2115 o204 or24

Maximurs Rain Rete (i /dery)

120
100

1226

Observed

2115 204 224

Broken-Goulburn Basin

mesoLAPS 24 h mesoLAPS 36 h



Inteqrated Rain (k'
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Y arra Basin

Observed mesoLAPS 24 h mesoLAPS 36 h



Basin Yarra Broken-  Murrum- Brisbane  Fitzroy
Goulburn  bidgee

24 h mesoLAPS forecasts

% error 1n rain area -6 12 28 -19 -1
% error in average daily rainfall 6 24 50 49 18
% error in maximum daily rainfall 35 61 66 62 45
Correlation coeff. for daily rainfall 0.83 0.70 0.81 0.85 0.82
36 h mesoLLAPS forecasts

% error in rain area 16 48 40 -19 -4
% error in average daily rainfall 32 42 47 63 11
% error in maximum daily rainfall 49 85 66 84 19
Correlation coeff. for daily rainfall 0.69 0.73 0.76 0.82 0.79

Verification of mesoLAPS forecast daily rainfall for 1 October 2000-14 April 2001



Bureau of Meteorology's model QPFs
interpolated to point locations

Verified against daily rainfall analysis interpolated to point
locations (fairer comparison than raw gauge data)

12 cities around Australia:

Adelaide Darwin Port Hedland
Alice Springs Hobart Sydney
Brisbane Melbourne Townsville

Canberra Perth Weipa
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Tropical Cyclone Donald, 9 March 2001

OUTLOOK METEOGRAMS
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Conclusions regarding quality of model QPFs

1. Forecast skill 1s highest early in the forecast period and
decreases with time

2. The models show seasonal biases in rainfall frequency and
intensity
LAPS underestimated winter rain, overestimated summer rain
GASP overestimated winter rain, underestimated summer rain
Both models showed rain area increasing and rain intensity
decreasing as forecast period progressed

3. The greater the large-scale organization of the rain-bearing
system, the better the forecast will be

4. Lowest skill shown 1n tropics in winter, highest skill shown in
mid-latitudes in winter



Future developments and work 1n progress

1. Better observations and use of observations

 Instrument upgrades
* new satellite sensors
 better techniques for data assimilation into models

2. Better model physics and numerics

3. Statistical forecast modification
* bias correction
e compositing of various products

4. Ensemble forecasts
« ensemble prediction systems

2.9

e “poor man’s” ensemble



Experimental Statistical Temperature Forecasts

Starting with the following primary objective forecasts:

GSM = Generalized Analogue Statistics Model (GASM)

MOF = NMOC’s current Model Output Statistics forecasts from LAPS375
L375 = Forecast derived from LAPS model (0.375° resolution)

L125 = Forecast derived from mesoLAPS model (0.125° resolution)

Bias-correction is done with respect to the measured bias over the previous 20 days. This is
either a straight bias-correction or a weighted composite of regression- and bias-correction.

Compositing 1s accomplished using weights inversely proportional to mean square errors.

Various combinations of bias-correction and compositing of the primary objective forecasts
were used to generate secondary forecasts:

BCGSM = Bias-corrected GSM
BCMOF = Bias-corrected MOF
BCL375 = Bias-corrected L375
BCL125 = Bias-corrected L125

BCMOG = Composite of BCGSM, BCMOF
CMP = Composite of BCGSM, BCMOF, BCL125 and BCL375



Accuracy is used to refer to the percentage of forecast errors less than or equal to 4.5°C, a
measure agreed from consensus of surveyed readers. Better forecasts (higher accuracies)

have lower values.
Day 1 minima {hest forecasts are inyellow highlight)

Percent of absolute errors == 4.500
CILD K=t T TAS =8, WA, MT AL ALL EVENTS
e 3.1 6.5 5.8 2.1 4.8 10.2 - 6.3 1950
BCGSh* 4.0 5.0 6.8 0.0 6.1 8.3 = 6.4 1950
MOF 13.8 10.2 6.2 64 4.9 559 9.0 8.7 2535
BCMOF" 5.8 6.2 5.3 5.1 3.7 5.7 0.8 52 2535
BCMOGS 2.7 34 2.1 286 1.6 4.9 0.8 3.0 2535
L37s 14.5 19.1 31.3 15.4 29.0 28.2 21.8 22.9 2535
BCL3TS™ 3.9 3.8 Bs T.7 5.6 8.5 1.5 55 2535
L125 3.9 T.2 13.7 53 118 8.7 3.9 8.1 2535
BCL125* 1.8 3.2 6.8 2.7 4.8 5.7 0.0 3.8 2438
ChP 1.2 1.9 2.5 2.6 1.9 4.5 1.5 2.3 2535

* Used in CMP.

Day , 4 maxima

Percent of absolute errors == 51.500
CILD K=t WG TAS =h, WAA, MT ALL ALL EVEMTS
S5 1.8 4.7 7.6 3.8 5.8 B.6 = 5.6 1905
S 1.5 4.1 7.6 0.0 5.0 7.9 = 4.9 1905
MOF 16.0 15.4 3.8 7.0 3.9 8.4 1.7 10.6 2481
BCMOF" 4.6 B4 586 6.1 6.5 11.3 4.7 7.2 2481
BCMOG 2.6 3.0 4.7 0.9 3.4 6.9 4.7 3.9 2481
L375 136 16.5 13.7 B.T 225 17.9 14.8 16.4 2481
BCL3TS™ 5.1 11.1 T.3 7.0 12.8 11.1 T.0 83 2481
L125 13.4 4.3 4.0 1.8 7.5 11.1 4.1 B.O 2383
BCL125" 1.1 3.6 4.0 1.B 2.0 6.5 1.6 3.2 2383
CP 24 5.1 2.1 0.9 2.7 6.6 5.5 4.2 2481

* Used in CMP.
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Ensemble prediction systems

Multiple integrations of a NWP model:
One control run
Many runs with perturbed initial conditions

Advantages:

e Ensemble mean more accurate than single run

e Can predict probability of occurrence (of rain exceeding 1 mm d-*, for
example)

e May be able to estimate forecast uncertainty

Disadvantages:

o Computationally expensive
e Lower spatial resolution
e Spread of forecasts often not broad enough
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GASP Ensemble Prediction System (33 members)
9-day forecast of 24 h precipitation valid 23 UTC Wed June 7



Probability of
precipitation (POP)
from LAPS Ensemble
Prediction System
(33 members)

24 h precipitation valid
23 UTC Jan 30 2001
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Poor man's (multi-model) ensemble
e Combines output from several operational NWP models
 Easy to produce, essentially no cost

e Compared to individual NWP models, the poor man’s ensemble
deterministic forecasts have

Smaller location errors

Lower RMS errors

Higher spatial correlation coefficients with observations

Higher maximum rain rates when probability-matching 1s used

* Probabilistic QPFs from the poor man's ensemble show high skill
at 24 h but are less skilled at 48 h.



NWP models

Poor man’s ensemble for flash flooding event, 20 Feb 2000
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When will these products be available?

MOF upgrade

Bias-corrected and composited
temperature meteograms

Poor man’s ensemble

Ensemble prediction systems

July 2001, ongoing
February 2002

February 2002
April 2002



