ZURN WORLD
% 8 METEOROLOGICAL
¥ ORGAMIZATION

=

Space-based Weather and Climate Extremes
Monitoring (SWCEM) and Climate Risk and Early
Warning Systems (CREWS) for Early Warning for

All (EW4A)

Zhi-Weng Chua and Yuriy Kuleshov

Australian Bureau of Meteorology
Royal Melbourne Institute of Technology (RMIT) University




Early Warning and Early Action — EW2A
I

UN unveils ambitious target to adapt to climate change and more extreme weather
|
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We must boost the power of prediction for
everyone and build their capacity to act.
On this World Meteorological Day, let us
recognize the value of early warnings
and early action as critical tools to reduce
disaster risk and support climate

b

adaptation.

Antonio Guterres

Secretary-General of the United Nations




CREWS
BN

Developing and least developed countries are particularly
vulnerable to the impact of climate extremes, including
droughts, floods, and tropical cyclones.

Recognizing the urgency of enhancing early warning
systems to assist vulnerable countries with climate
change adaptation, the Climate Risk and Early Warning
Systems (CREWS) international initiative has been

establishgd at COP-21 in Paris in 2015.




CREWS

— CREWS has already
supported 73
countries through

“ CREWS has proven that it
is on the ground and

- - .j :
efficient, saves thousands ({ '

of lives, and saves millions

in assets. ,
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CREWS PNG
BN

In Papua New Guinea (PNG), severe drought caused by
the strong El Nifo in 2015-2016 affected about 40% of the
population, with almost half a million people impacted by
food shortages.

To build resilience to impact of future droughts, Australian
BoM, in partnership with the PNG NWS and the WMO,

Implemented CREWS project (2018 — 2022) developing
v drought risk assessment, and

v EWS for drought



CREWS PNG
BN

The CREWS-PNG project developed drought monitoring
and early warning system (EWS) for Papua New Guinea.
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Non-Drought Drought Watch Drought Alert Drought Emergency

Enables better strategic decision making
for agriculture, water management, and
other climate-sensitive sectors.



Climate Information Services in PNG

12-month 9-month 6-month 3-month
period period April | period July to period
Januaryto | toDecember | December October to
December 2020 2020 December
2020 2020

Goroka

Madan

Wewak

Nadzab

Vanimo

Kavien

Momote

Port Moresby
Misima

Rainfall Drought Normal or wetter
status key Watch than normal

Rainfall observations: 13 weather
and climate stations and 7 rain
gauge stations; Inadequate to
accurately capture the complex
spatial distribution and variability of
rainfall across the country.
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WMO SWCEM
BN

« CREWS-PNG was implemented in partnership with
the World Meteorological Organization's (WMO)
Space-based Weather and Climate Extremes
Monitoring (SWCEM).

« WMO established the SWCEM flagship initiative,
recognizing needs to better utilize and improve
monitoring of weather and climate extremes from
space to complement surface-based observations.



SWCEM Implementation in Asia-Pacific
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SWCEM in Asia-Pacific - monitoring
drought and heavy precipitation,

Implemented in geographical domain
40°N to 45°S; 50°E to 120°W.



SWCEM Operational Products
L

JAXA and NOAA
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Drought Detection over Papua New Guinea Using

Satellite-Derived Products
- =

« Study on how satellite-based products perform over
PNG, focusing on the 2015-2016 drought event.

 FEvaluated rainfall products (raw rainfall, % of
normal, SPIl) as well as some other remotely-
sensed variables (VHI, NDVI, soil moisture, OLR).

 VHI, SPI were most valuable.

Chua, Z.-W.; Kuleshov, Y.; Watkins, A.B. Drought Detection over Papua New Guinea Using
Satellite-Derived Products. Remote Sensing, 2020, 12, 3859. https://doi.org/10.3390/rs12233859



https://doi.org/10.3390/rs12233859

Drought Monitoring Using SWCEM Products: PNG

3-month SPI ending April 2016
3-month SPI ending November 2014 3-month SPI ending October 2015
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3-month SPI showing the progression of drought event in PNG: (a)
November 2014 - initial signs of dry conditions towards the
southeast of the mainland; (b) October 2015 - widespread severely
dry conditions; (c) April 2016 - the easing of dry conditions.
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Drought Monitoring Using SWCEM Products: PNG

1-month VHI for June 2015 1-month VHI for October 2015
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1-month VHI values showing the progression of the 2015-2016 drought
event in PNG: (a) June 2015 - the beginning of below-average
vegetation health; (b) October 2015 - widespread areas of poor
vegetation health; (c) April 2016 - easing of poor vegetation health.
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Drought Detection over Papua New Guinea Using

Satellite-Derived Products
- =

 Designed a Drought Early Warning System (EWS)
based on SPI, VHI and rainfall forecast

« Could have provided 3-5 months of lead-time
warning.

Bhardwaj, J.; Kuleshoy, Y.; Chua, Z.-W.; Watkins, A.B.; Choy, S.; Sun, Q. Building
Capacity for a User-Centred Integrated Early Warning System for Drought in Papua
New Guinea. Remote Sensing. 2021, 13, 3307. https://doi.org/10.3390/rs13163307
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https://doi.org/10.3390/rs13163307

CREWS PNG: Drought EWS
I

3-month SPI ending January 2021 3-month VHI for Januar y 2021 Ehanceiofexcesding the m fell o

Monitoring Inputs 0 Forecasting Inputs

jov.au/climate Model: ACCESS-S1
wealth of Austr Base period: 1990-2012

SWCEM: SPI SWCEM: VHI WMO GPC LRFs: Rain

Drought EWS: SWCEM satellite-derived products
- monitoring component and ACCESS-S S2S

products — forecasting component
15



CREWS PNG: Drought EWS
BN

SPI-3, VHI3 and CEMR of each grid cell

cco

SPI-3 < -1 AND rainfall deficiencies AND
"DROUGHT
EMERGENCY" VHI-3 <40 AND decreased vegetation health AND
PRLAeER s, CEMR-1 <40 drier seasonal forecast.
YE ‘S/\hio
SPI-3 <-1 OR rainfall deficiencies OR
DROUGHT "DROUGHT ( {reindes -
RT" HI-3 < d ed vegetation health) AND
EMERGENCY DECIQIL(')EN RULES B —— — :
CEMR-1 <40 drier seasonal forecast.
“DROUGHT SPI-3 <-1 OR rainfall deficiencies OR

WATCH" VHI-3 <40 OR
DECISION RULES CEMR-1 < 40

decreased vegetation health OR

drier seasonal forecast.

YE‘S/\TO
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CREWS PNG: Drought EWS
I
The CREWS project developed drought EWS for PNG. It

generates maps of staged drought early warning - Watch,
Alert and Drought Emergency.

= -

Non-Dfought Drought Watch Drought Alert Drought Emergency

Maps of drought early warning for PNG
for September 2015 and May 2016.
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CREWS PNG: Drought EWS

2015

2016
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Drought Emergency
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CREWS PNG: Drought EWS
L

2015 2016 2017 2018 2019 2020 2021
Province JFMAMJJASONDJFMAMJJASONDJFMAMJJASONDJFMAMJJASONDJFMAMJJASONDJFMAMJJASONDJFMA
Bougainville
Central
Chimbu_Simbu
East New Britain
East Sepik
Eastern Highlands

Enga
Gulf

Hela
Jiwaka
Madang
Manus
Milne Bay

1.
Morobe

National Capital District l
New Ireland
Northern Oro

Southern Highlands
West New Britain
West Sepik
Western

Western Highlands

] .
Non-Drought Drought Watch Drought Alert Drought Emergency

Drought early warnings for 22 provinces

In PNG for 2015-2021. .



July 2022 Drought Update

Key messages

Watch remains active across most provinces in the country due
to rainfall deficiency in the past few months. East New Britain, West Sepik
and Central were most atrisk in June.

Drought Early Warning Status
Derived from observed rainfall and vegetation health; and forecasted rainfall.

T — = faintall over the @51 month was notably below average for most
. provinces except Central Gulf, Mine Say and Westem.
iy faintall oxer the RE1IHME MONTIE Was Delow average acrass
k s most provinces in the country, except Mine Bay, northern parts of
% S Kiunga and Guf.

L) — \ = Yeetaton health conditions Indicate some mild vogetation swess
P' v S prasent over East & West Sepk, Now reland, patches in Westem
province and parts of the PNG Highlands.
~£5 < = At e 5-month timescale, South Scugainvile and parts of New
- L Rl Ireland and West Sepd remain drought affected.

o - = Despbe a @gs foracass for most PNG peovinces in the coming
s months, beiow @ April- June raintal ls contributing 10 a
Drought Watch status for most provinces.

3.month tudde here)
Orcught Watch ' Drought Alert ® Oreaght Criticat
Drought Risk Status oo X - "

An Indication of past drought risk based on drought hazard, exposure and vulnerability.

* East New Brftain, West Sepik and Central are stil at a high-risk level due to less rainfall experienced over the past
two 10 three months. The provinces should be clasely monitored.

= Most provinces are a1 3 severe risk whiist Milne bay, Manus, NCD and Westem are at moderate risk level

-3

O
Extreme Severs Moderate Mild Very Miki e
.c 81-1.00 . 0.81-0.80 2,41-0.80 0.21-0.40 0.01-0.20 No Data
© June 2022 Provinces in Severe ® June 2022 Provinces in Extreme
Bougerelie, Dae Sepl, Madang Morobe, New rslecd, Northers Tt Now Sefks, Weet Sepk aod Onstewt
(0rc), Wret Naw Drttain, Gul, Wiaetnen Mightends, Sostharm Mighlenss
Swicn, rgn, Chimtu, Esatarn MiGhianax,

Climate Context

A summary of the relevant climate drivers affecting PNG over the coming months

= ACCESS-Soutlooks suggest a wat cutiook over most pans of the country In August, except parts of East Seplk
3nd West Sepik showing drier concitions.

= LaNfa is over but cocler than average sea surface temperature remains in the Central and Eastern Pacific which

may induce a waak La NiAa like efect. There Is around 50X chances of La Nifia reforming later in the year.

The 100 has been exceedng 100 values for the last five weeks. Development of 3 moderate to strong

negative 100 during the next two months is likely.

@ For mom infermation, feal e 1o contact the Clmate s Speciel Services team o the PNG- NWS vie 3255025 or s Mool oo

CREWS PNG Operational Product: Drought Update
L

August 2022 Drought Update
Key messages

Drought Watch is active for most provinces across the country which is due to rainfall
deficiencies in the last few months. Majority of the provinces are at severe drought risk
whilst Chimbu, Guif, Hela, Manus, Milne Bay New Ireland, Northern and Western Highlands
are at moderate risk in July.

Drought Early Warning Status
Derived from observed rainfall and vegetation health; and forecasted rainfall.

3 montn e o g 1K

* Rainfali over the last month was notably below average in the

s islands region Inciuding Bougakwilie, northern parts of East and
West Sepik, Enga, Westem Highlands, Morode, Oro and Mine Bay
Provinces.

* Rainfall over the last three months was below average across
mast provinces In the country, except Guf, Southern Highlands,
Hela and northermn parts of Kiunga.

* Vegetation haalth condtions Indicate some mild vegetation stress
present over East & West Sepdk, Madang and Hela provinces.

- = Atthe 5:month timescale, South Sougainvilie and parts of New

Feland province remain crought atfected.

- * Despite 3 wat forecast in the coming menths, below average

raintall in the past months is contributing to 3 drought watch.

 mmm — — e —— o —— 3-month N b hera)

T ™ Cack © aria ,! Crough Watch  Drought Adert @ Drougtet Critical

Wgarate b e b arm .
i Ry W, MCD),

Drought Risk Status acon M oy Wb MCD,
An indication of past drough: risk based on droughl hazard, exposure and vuinerabllity.

* Bougainvite, Central, East New Erftaln, East Sepik, Enga, Jiwaka, Madang, Morobe, NCD, Southam Highlands and
West New Erftain provinces are ol at severe risk levels. The provinces wil continue 1o be monisored.

= Chimbu, Gut, Hela, Manus, Mine Eay, New ireland, Northern and Western Highlands provinces are at moderate
July 2022

Bougeirelie, Devtow, Dat Nww Oriin, Caet Seplk, Ergn, Swwca, L
Madarg Wascte, NCO, Southeen Hightods, W Naw Betain

Climate Context
A summary of the relevant climate drivers affecting PNG over the coming months

= ACCESS-S cutlooks suggest a wet outiock over most parts of the country in Septembder, except Kavieng, Manus
and south Sougainville showing drier conditions.

= La N#a is not present, however coclor than average se2 surface temperatures in Central & Eastem pacific persist
which may result In weak La NiAa conditions. The chances of La Nifa reforming in the coming manths is at SO%X.
= A negative 10D is underway. The 100 continues to exceed negative 10D values aver at least the last eight woeks.

' For mate infonmetion, feal free o contact thae Claate sod Spocial Services team of the PNG-NWS via 3255025 or bingpe Ml L
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Climate and Ocean Support Program in the Pacific
(COSPPac) EAR Watch monitoring

3-month total rainfall ending August 2022

20N

10N

* Provide blended satellite data
for monitoring rainfall over
Pacific countries every month.

WO 1E0F 0F IS0F Le0E 17k WOT LW B0 IADNW 140 130°W

g 20 50 100 150 250 350 500 700 1000 1500 3000
mm

S MU

[Tp——— 3-month rainfall status to end of July 2022

wemen 1 asisae sz ot

a1 a5 cosmn:
Shacen 638 VSRS e onSRE: Kafne PR 20050
Fa B A ma g o

3-month Percentile to end of August 2022

TR L 2 - :
52
- . . . . " o . v o . v .
120°  130°E M0°E  150°E  160°E 170 180*  170°W  160°W  150°W  140°W  130°W 120 130°E 140°E  150°E  160°E  170°E 180 170'W  160°W  150°W  140°W  130°W
(3 10% 20% 2% 0% 100%
— [ T ] — [ & B 1 [ 7 E—
S 0 2 4 ] = %0 Seriously Very No Very Seriously
Fuacantile Ory ory Alert Wet Wet
Fe—— o ouvez0zz
° ) Sase piod 1980 2021 SN Run 01,07/2022
Shapehie 2 oy versien 31 Method Percentile Base period: 1980-2021

© Commonwealtn of Austraka 2022, Australisn Buresu of Metesesiogy. susperted by COSHPac
Marme Iras Martime Beurdaries Gecdatabase Maritime Boundaries and Exchirve Ecomomee Zones (J0OKM), versssn 11 Avaiiatie oniive st

P e anearegons oy



Global and Pacific ACCESS-S outlooks and Pacific

climate monitoring portal
B

h ttp - //WWW b O m Outlooks issued on Thursdays, one and two week outlooks also issued on Mondays Forecasts
L ] | ]

RA-V Pacific Regional

World Meteorological
Organization (WMO)

Global and Pacific ACCESS-S outlooks and Pacific

- o About ACCESS-S | About GPCs | About RCCs Climate Centre (RCC)
ov.au/climate/ e comsysrso ==
. . easonal and inter-annual climate variability poses a major rsk to many parts of our LRF and Consortium member
global society, the economy and the environment. The risks are particularly significant for Node on Climate

. gmn for Pacific Island Countries and are compounded by human caused climate change Monitoring
aCIfI C/O utl O O kS/ which interacts with natural climate variability. This website provides dynamical
model-based seasonal and sub-seasonal outlooks and satellite-based climate ﬁ LS e

L : . i DFAT-funded COSPPac and
e et
monitoring with an emphasis on the western Pacific region. . AT SRS

Category Domain Period Variable Related links

Satellite monitorin Pacific Month Monitoring (sts
g ot Download files

o

°

Download global NetCDF
data

o

Downlead guidance
Rainfall status for January 2023 documents

o BoM Climate Driver Update

o

Southern Hemisphere
Tropical Cyclone Data Portal

o

Pacific Climate Change Data
Portal

o COSPPac Ocean Portal
o COSPPac Climate Bulletin

¢ COSPPac Cnline Climate
Outlook Forum

LC-MME KMA/KOREA

o

°

WMO ENSO updates
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WMO Global Seasonal
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Base period- 19502071
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Recommendations
I

Assisting Most Vulnerable Countries with Climate Change
Adaptation

Climate Risk and Early Warning Systems (CREWS)
International Initiative helps SIDS and LDCs with climate
change adaptation.

Strengthening Observing System
Space-based observations provide valuable information
on a global scale and complement surface-based observations
(this is particularly important for SIDS and LDCs).
Incorporate SWCEM satellite precipitation estimates and
derived products to enhance drought monitoring and EWS



Early Warning and Early Action — EW4A
I

UN unveils ambitious target to adapt to climate change and more extreme weather

CREWS and WMO SWCEM
&8 oo are important contributors to
the UN initiative EW4A:

We must boost the power of prediction for

everyone and build their capacity to act.

On this World Meteorological Day, let us "Early Warning Systems
recognize the value of early warnings

and early action as critical tools to reduce must prOteCt eve ryone
disaster risk and support climate W|th|n f|Ve yearS"

adaptation. 8o

Antonio Guterres

Secretary-General of the United Nations

We invite countries in the Indo-Pacific
Region to work with us on developing
Early Warning Systems to help protect

. Early Warning 1 populations from climate hazards and
; and Early Action

\: : . World Meteorological Day 2022 ‘ bUIId reSIIIence' 24
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