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o~ The perfeCt storm? A, |

a -,I L]
(John Beddington, 2009) 2P | Science

Met Office 1. Can 9 billion people be

Hadley Centre - N fed equitably, healthily
e - and sustainably?

/ 'gg‘;ezse;oggn:ggd \ . Can we cope with the
) e \ future demands on

Enrgy \ water?

. Can we provide enough
energy to supply the
growing population
coming out of poverty?

Food Water

\“\Increased demand Increased demand / . Can we mitigate and

N, 90% by 2030 30%by 2030 / adapt to climate change?
(FAO) (IFPRI)
\ / . Can we do all this in the
~ -~ context of redressing the
decline in biodiversity

and preserving
© Crown copyright Met Office 2014 ecosyStemS?




= Outline

S . . .
s’ ° Key challenges in climate science for
MetOffice  ggriculture and water:

Hadley Centre

relevant to
agricultural policy and business outcomes.

« What do
mean for decision making and policy?

, particularly in Europe

* Inadequate information on

. Poor@erstanding of

N, in a changing climate

. Summary&.other key issues

1
i
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== Improving models & metrics :
~~" more relevant agricultural

Met Office

wdeycee gclence for policy and business

Some of the issues:

» Delay between providing climate scenarios
and impact assessments

Standard outputs of climate models not
relevant

Fundamental issues with general
crop«ater models

Needt‘fb understand crop-water-climate

interactions

|
i
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The traditional approach
delays provision of impact
Metoffice 35SessMments

Regional Climate Model

Global Climate Model

Impacts Models
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RCP 2.6 RCP 8.5
(&) Change in average surface temperature [1986-2005 to 2081-2100)

Met Office

Hadley Centre

Standard (b) ia I%:h;l:gli.: n average |i.r‘u-:;ipi1.atin;:-n[1_5&45—?:'05 % zcﬂ;—z.u:-:l].
outputs of '
climate models:

relevant to
agriculture?

CMIFS mulli-rodal
avaraga 1586-7004
SIS mull-rddal
avarggs 081 =100

CMIFS suhsal
avarage 1585-2005
CMIFS subsal
avarages 2081 =2100

(IPCC WG1, 2014)
(d)
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Weather Models have
evolved to to Earth System
Met Office Models:

What about crops and water?

1970 1985 1992 1997 2000

o ey

Ocean & sea-ice Ocean & sea-ice  Ocean & sea-ice Ocean & sea-ice

Atmosphere Atmosphere Atmosphere

Sulphate Sulphate Sulphate
aerosol aerosol aerosol

Carbon cycle WW@F@

Atmospheric
chemistry

I : Sulphur Non-sulphate
Offclilnle Dcearrrllg;dse?a-lce cycle model aerosols
moae '
development

Carbon
Strengthening colours Dceelln carg_oln cycle model
denote improvements cycle mode

in models Atmospheric
chemistry




Fundamental issues remain in
werorme JENErIC crop/water models..

Crops
« Impact of extremes (heat, drought stress)
« Crop type representation (e.g. cash crops)
« How/whether irrigation is represented
« Use outside “design region”

Water

« Treatment of human influences (dams,
abstraction, irrigation)

» Representing agricultural landscapes

* Hydrology: inundation, dry regions
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Interactions between impacts:

water and agriculture

MetOffice + Water systems may be affected by climate
change, with implications for agriculture

* Direct: location, amounts, timing of precipitation,
snowmelt, runoff, evaporation, and groundwater
recharge

* Indirect: changing water management practices,
responses to changing climate

(= =
o - -

y abi|it petltl,gji
* For water

See also Falloon & Betts, 2010, STOTEN



Complex interactions between water
systems and agriculture in a changing
climate

Met Office

System suitability

Markets
Biophysical Biophysical
GHG emissions GHG emissions

Agricultural < , Adaptation
Adaptation &

Mitigation

Water supply/availability

lood protection

in
Competition ater Management

Land use Bioohwsical Catchment properties
iophysical
& mana n GHG emissions
System characteristics/response

Natural resources
(e.g. water, nutrients)

Ecosystem {e.g. flood risk, water quality)
Properties

{vegetation, soils, hydrology
GHG emissions, biophysical)

Falloon & Betts, 2010



== Improving models & metrics :
~~" more relevant agricultural

Met Office

wdeycee gclence for policy and business

Making progress
» Fast-track impact assessments?
 “online” impacts
« Better metrics

. Cro@ater model improvement

o Int_eg’}'é}sd bio-physical assessments

\
!
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“Durban” project WP3

Impact calculations for a 57-member earth systems
Met Office model ensemble (HadCM3C) with two/three

Hadley Centre

I
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Met Office

Making
standard
climate
model
outputs
more
relevant to
agriculture

Proportion of time
in drought,
2080s A1B

(10th percentile)

Tayloret al. 2012
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SMA
PDSI
SRI
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Benchmarking drought indices
against observed river flows

Met Ofﬁc_e

AMASON

MISSISSIPFI

Similar techniques applied to crop yield/failures to make
drought indices more relevant to agriculture?

Joetzjer et al. (2013)
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Radiation, cloud u¢

/ Greenhouse Effect

Radiation & cloud \
through photolysis

=

UK-ESM1

DMS, dust,
emissions

Iron, NO5

L
<
b |
.-“?":"' &k
-
i
SO, NOy, SOA
formation
Heterogeneous
chemistry,
photolysis
CHEMISTRY

(trop & strat)

deposition

CH,, N,O, CFCs, trop & st%\\

Wetland CH,, dry dep, g;ﬁ-;
< stomatal uptake, il 1 !
BVOCs, N emissions
O, damage, _>.
N Deposition AND

NATURAL
ENVIRONMENT
RESEARCH COUNCIL

Met Office

Joint Weather &
Climate
Research Programme

A partnership in climate research

CO,, N,O




Developing the integrated land impacts model

Land use change, Ozone, Carbon dioxide
MetOfﬁc_e

— ¥

Ecosystéms

ey H_ -
v g S — o ST
= S

Con

Environment Simulator



Walker 7"

i 2 A generic carbon conserving
crop model: JULES-crop

Met Office

Now in JULES
release version.

Crop Types

« Wheat, Maize,
Soybean, Rice

Simulates

. Crop Phenology,

ield
Cangn Cycle

Biogeophysical
interaction

. Albedo
rou]g ness
surface

conductance

e
CLIMATE JULES
DRIVING orce e
DATA I
DEVELOPMENT LEAVES L&,
r_~ INDEX
I STEM e ght
Pﬁrrl_l_nnr ROQATS depth
oS coemoents _
) Carbon | HﬂRVEST |_|.e||:|
JULES crop !

Osborne et al, 2014, GMD.
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Walker Y

JULES-crop: global crop yields
Met Office — Wheat Dol Soybean
‘I r=0.03 1 & r=0.39

) | vy
Future? Al I |

«Other crops R 1 2f
Wintercrops =~ ol . . . . ol .
“Cash crops” = Maize Rice

*High temperature T 2P

stress = 15‘r_05 | 1 r=016 ]

*Drought stress > T | I :

*Flooding 10_\/«/\/\1\/'\/\/\1"‘\}\/_ __WM_‘

*Nutients
Pests/diseases

8
_ | 6
4} i
Ozone damage 5 1 / |
I ] 2k J
0 N 1 N 1 N 1 N 1 . 0 - . 1 N 1 N 1 N 1 N -
1960 1970 1980 1990 2000 2010 1960 1970 1980 1990 2000 2010
Osborne et al, 2014, GMD.
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JULES-impacts

Methﬁcg model
A framework
for integrated EU HighNoon

regional
impact
assessments

Regional climate
~model
simulations

JULES: an integrated land impacts model

Land use change, Ozone, Carbon dioxide

Regional-scale

Integrated

Mathison et al. 2012, assessments

Mathison pers. comm.

CLIMATE




.. Better decision making through

=~ a robust understanding of
Metofice | pact intercomparison results

Some of the issues:
« Large uncertainty ranges in assessments
« Can we narrow them?
* Do we understand them?
« What do they tell us about the

maodels/responses?
)

. Canusers and policy makers use
them"

© Crown copyright Met Office 2014




-~ The cascade of uncertainty

>~

Met Office

Regional
scenario

\AAAAAAAL

The cascade of uncertainty

responses

< The envelope of uncertainty —>

© Crown copyright Met Office 2014 Wilby & Dessai (2010)
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How should uncertainty

ranges be interpreted? EQU'IP
MetOffice Error bars or contingency statements?

2 X o crop failure events

How accurately can we

o
Q
T

N
[=J
T

N
Q
T

-
1
1

-
(=
T

T
—_1

Percentage of harvests failing

o

-1

e

Challinor et al. (2010)

0-2 (6720) 2-4 (5832) 4-6 (2352) 6-8 (56)
Increase in GMT (°C)

7 guantify uncertainty?

These ranges are contingent on:
A1B

QUMP(17)

GLAM(8)




SOM
Less agreement,

smaller

Met Offlt:_e idnecreases
ecosystem
models

Why do different

model types give
different results?

Is the

experimental

design useful?

ISI-MIP models

coNnsensus

changes

in runoff (mm d-")
=), 5

2080s, RCP8.5 5040 040
.10 % .10

Davie et al. 2013 010 o 06D
> .50

© Crown copyright Met Office 2014 delta A, mm day

Hydrological Models

45M |

% model agreement



What do impact assessments
heed to tell users?

Met Ofﬁc_e

Policy maker Industry R&D Farmer

”

i BB
S TR b

«2080s UK food

oroduction? *Which crop traits for

Global i i 2030s? *Which crop next season?
.Wﬁ- ?] e *Holistic solutions for -Land management — days
N STISSIONS farmers? to months?

pathway? *Policy compliance?

© Crown copyright Met Office 2014



<= Better decision making through
~ a robust understanding of

Met Office .

wieerne |Mpact intercomparison results

Making progress

« Making use of statistical techniques and
climate methods

Focused model process-level assessment
and development

Dea'ﬂuing ensembles for impacts

Making outcomes more relevant to users

To'p dovb:? vs. bottom up approaches

See also: Challinor et al. (2014); LWEC EQUIP Policy Guidance Note

© Crown copyright Met Office 2014




Met Office

Statistical techniques to
understand uncertainties in
impacts: ...

No observation error
80 With 10% observation error

60

20

T™RuTs .

Ice Surface Area

A

TPty

A

40

- 100
80

QUT AT 5 60
20

Maximum Ice Thickness

100
_Il ! o . a0
) - I 60

40

201 [ —— =T ]

Number of ensemble members

PAST SUTT S 0
1 Combined Data

S | S, i, 200
150

100

s P 50

f
FkIT'JR-f D I - - -I ¥ i - .‘. i . = R ‘. I ;
= 0 20 40 60 80 100
- OWTFUTS

Proportion of "Not Implausible" input space (%)

McNeall et al (2013)



Learnlng from intercomparisons
(ISI MIP: Intersectoral Impacts Model
Intercomparison Project)

I\/IL]ItipIe climate Multiple global impact Fast track contribution
models models per sector — to AR5

Ecology & Hydrology

MATURAL ENYEROMHMENT RESEARCH COLINCI




Ensembles designed for
impacts?

Met Offi Forest Mortality, Economics, and Climate in Western North
e America (FMEC)

HadRM3 + TRIFFID ensembles Impact on forest fire,

ts & mortality
- ol . w1\
ey |
I;I"ﬂ-"-l:j %‘E’j ... - Legend
CE—— z Bl A ew mills 20002008
| i ®  Closed mills (2000-2009
W — = = O N s =
e - |
| - I—}EI [ Jecunda: o
L =] e | [ 2rea Bumned (1984-2010)
I T j“"' Wk Evountain Fine Beetin (2001-2010)
™ - -84 43 -1 +H ar <8 cm —
2 2 = | ] I Other Bastles (2001-2010




== Presenting impact ensembles to
~= decision-makers

Met Office
Hadley Centre

 Latest climate 243
projections HM Government

» ‘Business-as-usual’ Human dynamlcs

greenhouse gas - of climate change &

concentration

scenario (RCP 8.5)

° ‘Mlddle O.I: the road, Southampton
population scenario D
(SSP2)

 Changes from ®©
present day to end of
century

© Crown copyright Met Office 2014




Europe crop yield changes: .

Gains in the North; some losses in the South
_—

. (1% - 24%)

Met Office

(1% — 30%) n E e

- -u
-, .
R
)
B
i
"

(-8% — 17%) I (-14% - 5%) I (13% - 53%) (-1% - 24%)
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Met Office

Hadley Centre

Begin with the question
"What if climate extremes
change according to
scenarios, x, y, 22"

Start with climate change
models, scenarios,
impacts, assessments,
reports, etc.

Top down vs. bottom up

approaches

“Climate Models, Scenarios, Impacts-First"
Assess relevant climatic changes from climate
change models, downscaling

Assess relevant impacts based on projected
climate changes

Design and assess adaptation options for
relevant impacts

Evaluate outcomes

© Crown copyright Met Office 2014

Begin with the questions:
“Where are the
sensitivities, thresholds,
and priorities considering
climate variabilities?"
“What can communities
cope with?”

Input climate change

projections and other

relevant information
about underlying drivers

“Vulnerability, Thresholds-First"

Identify vulnerabilities, sensitivities, thresholds;
propose adaptation measures

Assess adaptation measures and timing for

action against climate change scenarios

Assess tradeoffs between adaptation options

Evaluate outcomes

IPCC SREX (2012)



Types of adaptation

Met Ofﬁc_e

Use of planning and prediction at seasonal

(ii, §ii, iv, vi) to decadal (i, v) timescales to
identify action and transitions between
Cope coping and incremental adaptation
E COPE, eg.
o . Planting dates
= - Change invariety Using climate information to
E . LB TETERE R Ad - t identify potential boundaries
(5]
= lus between adaptationand
] transformation (i)
0 ADIUST, e.g.
C
aQ . MNew Crops
E . Mew livestock species
% . Off-farm
3 diversification Tl‘a nSfO rm
3
O
= TRAMSFORM, eg.
E : Mew production
.E' system
o N
'E Ne_w ||1rrellhcr-:rd5
o Migration
=t
-
L

Degree of Climate Change



When are transitions in adaptation

required?
Met Office \NSWerSs from top-down and bottom-up analyses

o A
£
|_
iy
t2 /
t3
! plderled|(Case 2)
-Seasonal.. i se 3) e
‘ (Case 4) |
Stakehold
.. erled .
“(Case. 1)
Current variability
>

Signal-to-noise ratio
Transition in types of adaptation

) Transformative

Bottom-up Top-down
approaches approaches
particularly particularly

important important Vermuelen et al. (2013) - PNAS



~~

Met Office
Hadley Centre

Applying seasonal forecasts to
provide usable climate services
for agriculture and water

© Crown copyright Met Office 2014




<7~ Future chan in UK climate
<7~ Future changes in U

Met Office
Hadley Centre -— e

« Headline message from UKCPQ9:

 Hotter drier summers
« Warmer wetter winters
« Butin the recent past..

I Belfast, North Ireland, - 23rd October 2011
° COld Wlnter 201 O Byeza13t()0<?r ern Irelan rd October

« Wetsummer 2011 Very hot summers increase 20-fold

e Cold Spring 2013 Very wet winters increase six-fold

__Headline is for average Changes Very dry summers increase eight-fold

But:
What can we say about seasonal

climate extremes'? 35% chance of wet summer until 2040s

20-30% chance of cold winters until 2020s

© Crown copyright Met Office 2014 Sexton & Harris (2014) submitted




Unusual seasons and
== ST -
~= variability are important,

Met Office _
Hadley Centre  not just long-term averages

« Summer 2012, UK

 Wettest summer since 1912
* Wheat yields down 15%
e Cost insurers £800 million

1 June 2012
ol Rainfall Amount
Metofice JNVARS

« Summer 2003, Europe
» Hottest summer in Europe since 1540
 River Danube:
» Worst drought for over 50 years
» Levels dropped by 50cm

» Reduced electricity production in
Romania.

. Ve%lhkel y that human influence at least

doubled risk of temperatures
* Normal by 2040s and cool by 2080s

© Crown copyright Met Office 2014




Can we be better prepared for
vetomee  €Xtreme seasons?

HadleyCentre  |mproved skill in Monthly to Seasonal Forecasts for
UK winters

Recent cold snap: March 2013

DfT notified on 4" January:

“...there is now an increasing risk of cold
conditions returning later in January and an
increased chance of wintry conditions
starting later this month...”

“Wintry weather brings disruption

EU PORIAS to airports, road and rail networks

_ _ across the UK, with more snow and
Working with stakeholders to develop ice on the way”

prototypes e.g.: UK land management tool The Guardian 20" Jan

(cover crops) with Clinton Devon Estates
© Crown copyright Met Office 2014




Met Office

Information
sheet and
invitation

letter

Information
sheet and
invitation letter

EUPORIAS land management prototype

Farmers’ engagement, activities, and information pathways

(Marta Soares, U Leeds)

Sub-set of
farmers
(4 farmers)
Interviews \
Possibility
of
conducting
Inform interviews if
survey of interest
development Earmer
wants to be
""""""""""" involved in
the prototype

/ Survey

Larger
community
(=26/28 farmers)

Not interested
in being
involved

Seasonal forecasts

& feedback
/ Workshop A
___________________ Develop
‘live’ tool vi
End of
engagement

TOITTTTLY) 2



Met Office

Hadley Centre

Met Office

Communicating
seasonal forecasts

Layers of data

‘| simple message ey
P cail?, it -'n#“?-. .

IéFP.’E‘-..'-? L z
e ]

f{i Further information

PFF

L ' F
Fark piglFe
i e}

2 Sapporting explainers /
in-depih links -

L |
it Akt W
" T [

\l:ﬁ.u:.',

© Crown copyright Met Office 2014

Devon outlook for November 2014-January 2015
issued end October 2014

The latest predictions for November-December-January favour above-average Devon-
mean temperature and precipitation.

Temperature (°C)

Average=
61 Temperature

The probability that the Devon-mean
temperature for November-December—
| January will fall into the warmest of our
| three categories is around 22%

o
=

-
=

| Climatology
i.-[1 981-2010 average)

The probability of temperature falling
into the coldest of our three categories is
cloze to 41%

Probability

—_
=

(the 1981-2010 probability for each of
these categories is 33%).

o

Coldest <57 Middle =6.7 Warmest

Precipitation (mm)

Average = Precipitation
413.6
The probability that the Devon-mean
precipitation for Movember-December—
January will fall into the weftest of our
three categories is around 23%
Climatology
| (1981-2010 average) The probability of precipitation falling
into the driest of our three categories is

close to 429
(the 1981-2010 probability for each of
these categories is 339%:).

Driest «<369.5 Middle =4725 Wettest

Probabil

The bar charts show the probability that Devon-average temperature (top) or precipitation (bottom) for the three month period
will fall into three different categones (coldest or driest 33%, near average, and wettest or warmest 33%). The dashed fines
show the probability based on long-term observational records (between 1981-2010). The numbers on the chart show the actual
femperature and precipitation values (for the coldest/driest 33%, average, and warmest'wettest 33%) from long-term
observational records (between 1981-2010)

See overleaf for full details on how to interpret this forecast.




~~

Met Office
Hadley Centre

High-resolution models for
assessing impacts of climate
extremes at catchment scale

© Crown copyright Met Office 2014




@ Rain gauge 1.5km-gauge 12km-gauge
Mean é

Hadley Centre

Rainfall Rain gauge
in 1.5km ——

VS. Dry day .

1 2km occurrence

Obs P95 wet, All days 1990—2003
-
-
=

(1989-2008)

Rain gauge

Heavy
precip

© Crown copyright Met Office 2014
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Better rainfall extremes, different future
changes in high-resolution models

MetOffice Future change in heavy hourly rainfall (upper 5%)

Hadley Centre

Current Capability: 12km model Future Capability: 1.5 km model

WINTER NERC project
NUTCAT-2050

What do these
changes mean
for nutrient transfers
iIn small UK
catchments?

-y

SUMMER

Photo: Kirsty Ross

Kendon et al. 2014 _:::_:_ nm/hour

-5.0 -2.0 -1.0 -0.5

© Crown copyright Met Office 2014




Simulating heavy rainfall events:
Nested Unified Model Suite

Met Office b) 12 km mode|

1 km domain
300x300 km
Scafel| Plke = 900m

333 m domain
200200 km
Scafell Fike = 8916m |

333 m mode|

100 m domain |

B0wED km [ !
Scafell Pike = 960m __ o E 4
| Scatell Pike true helght = 878 m
AN M ) B =

100 m maodel

Height in Metres . ”,

Figure 4: Simulating heavy rainfall over the Lake District on 24/09/2011: a The nested model domains (1km, 332m
and 100m resclution) and orography; b) 22 hour rainfall totals over the 232m model domain: ¢) 21 hour rainfall
totals over the 100m model domain (Webster, 2010)




WP2a: Simulating current and
future precipitation events

Events and variables

|
: -% -UKCPOQ To focus on
I o,
Longer runs (years) | 1.5km model | 1 § Pannnsnmsnnnnnnal
Baseline, C“mbaIt? change, | %
variability | E
12 km model | |1 52
o WP1
SO
| 4 km model | 55 stakeholder
L 2P elicitation
O C lllllllllllllllll
| 1 km model 152 UKCPO9 : : \
.%‘*g Weather _ \
| é lllllllllllllllll L d h Scenaros
Downscaling 100m mOdel | i = e |
Analysis of 1 ?11
individual events >

=

WP2b: Impacts of future
changes in climate and land
use on hydrology

JULES ~ Land use change

Field-stream connectivity

Seamless model hierarchy
With common physics




= g Walcl

Met Office

Hadley Centre

Estimating
nutrients in
catchments to

2050
(NERC NUTCAT-2050)

Stakeholder workshop,
Eden Demonstration
Test catchment,
January 2014

http://nutcat2050.org.uk

-

© Crown copyright Met Office 2014
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Met Office
Hadley Centre

Food-energy-water-environment
nexus: more sustainable futures,
better representation of land in
the earth system

© Crown copyright Met Office 2014




Nexus in ISIMIP?

Threshold crossing temperatures:

severe change/high likelihood

Met Ofﬁc_e

l:f# l.EI:-‘ ) . --I u':
Ecosystem §&. . ;

Malaria

change crossing temperatures
| B AGMT<0.5°C @ 0.5<AGMT<1.5°C ® 15<AGMT<25°C ® 2.5<AGMT<3.5°C @ 3.5<AGMT<4.5°C

© Crown copyright Met Office

Piontek et al. 2013



Multisectoral hotspots:
>50% of GIM/GCM combinations agree on

threshold crossing for each sector,
MetOffice | to 4.5K GMT change

- F?"""’-—r"—-_'_a“' e~ e - g
tﬂﬁf = - 2 = - '_-'l':?"‘_'—u g
= -'_?”-F j ) = hg‘- "l'i:'.darr Aﬂﬂ-"':‘?““—.r__“_J
: w;zk Tas ‘F, R i s
e S L
ISP GRS ET e
f & ;
- ' ‘ < o ;
| ) ?.'*_ i
ApYeran\ 22 i
1!!‘5'.{# / v

2 overlapping sectors ®m 3 overlapping sectors

, . Piontek et al. 2013
© Crown copyright Met Office



Historic land clearance cools climate: how
does this differ in an ESM with crops?

Met Ofﬁc_e

-1 -05 -03 03 0.5 1

Impact of actual-natural vegetation on

surface temperature in an AGCM
Betts et al. 2007

JULES: an integrated land impacts maodel
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Systems thinking in
human-environment
science

(Nexus Network think piece, Macleod et al 2014)
« Why do we need nexus approaches?
« Urgently address complex global issues

« Current solutions inadequate

* Need novel systems-based holistic perspectives
across research, policy and practice.

- What are existing nexus approaches?

* Need to learn from implementation of these
approaches, when they worked or failed.

» Develop approaches that improve and add value to
these existing approaches.

© Crown copyright Met Office 2014
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Systems thinking in
human-environment
science

(Nexus Network think piece, Macleod et al 2014)

How do we carry out nexus approaches?

* Need awareness of the context e.g. politics.

 Defining and framing the challenge and designing the
approach are vital - focus on delivery of pragmatic
&flexible solutions.

« Wide collaboration that harnesses differences using
negotiated methodologies.

* Require individuals capable of integrative working.

 Proof that nexus approaches are required by society
and work.

© Crown copyright Met Office 2014
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« Climate change and variability could have significant
impacts on food and water resources

» Strong
across scenarios, climate models, impact models...

» Key challenges for future food and water:

(crops, nutrients, erosion, flooding) — high resolution
models

 Climate variability and (limited skill in UK)
. Confide.m} and uncertainty in impacts' —

1

» Overlapping priorities and links between sectors2:

TFalloon et al. 2014; 2Falloon & Betts, 2010
© Crown copyright Met Office 2014




