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Different Models of Climate Services

e 1. Extension of Meteorological Services

e 2. Development by a university or a group of
universities

e 3. Development of expert groups by the
private Sector

e 4. Creation of new institutions



Knowledge in Support of Decision-Making

Top-down approach

Anticipate environmental change,
while considering uncertainities

Global

Optimization of «Top-down»
and «Bottom-up» approches to

Global climate models

maximi lity and relevan _ _ Professional Communities
: ) ’ Climate science,
adaptation Impacts

l Modeling,
- Data analysis
s Climate  yyinerabili
Vulnerability  adaptation (physical Hydrology, Ecology [@
(social) Policy | Human health
1 Food security

Professional Communities
Impact, Vulnerability,
Adaptation .
Social sciences
Economy, Econometrics | change
International negotiations | Technology

Carbon trading ity
Political science, Governance Institutions

ty

Bottom-up approach

Past Present Future

Adlanted from Dessal & Hulme, 2004
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Three kinds of health impacts have been identified:

1. Relatively direct impacts, usually caused by weather extremes

2. Consequences of environmental change and ecological disruption
In response to climatic change

3. Conseqguences that occur when populations are demoralised and

displaced by the following climate change induced factors:
e economic dislocation,

« environmental decline and conflict situations including traumatic,
Infectious, nutritional, psychological and other health consequences.

World Health Organisation (WHO). 2003. Climate change and human health: risks and responses.
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» Most expected impacts will be adverse but some will be
beneficial.

» Expectations are not for new health risks, but rather
changes in frequency or severity of familiar health risks

Health effects
Temperature-related illness

and death
Modulating ¢  Extreme weather- related
influences  .......... . health effects
v e Air pollution-related health
Human exposures > effects
Regional weather « Contamination B Water and food-borne
pathways diseases

—_—

CLIMATE changes
¢ Heat waves

= Transmission ™ « Vector-borne and rodent-

CHANGE « Extreme weather dynamics borne diseases
— .« Agro-ecosystems, =*
» Temperature e Effects of food and water
Precipitation hydrology
P « Socioeconomics, shortages
demographics ¢ Effects of population

displacement
Source: based on Patz, et al., 2000




Climate Change’ s Impacts on Health

CSC ——
Climate Service Center ——
Germany e

i

Natural and
Human Influences
on Climate

Climate Variability
and Change

Temperature

Regional and Local
Weather Change

Mitigation Policies

Mitigation Policies for Reduction
of Greenhouse Gas Emissions

Energy Efficiency

Uze of Renewable Energy Sources

Forest Presanvation

Sea Level

- Change in

Moderating Influences

Population Density and Growth

Level of Technological Development
Standard of Living and Local Environmental Condition

Proexisting Health Status

Quality and Access to Health Care
Pubiic Health Infrastructure

Heat-Raelatod Hnosses
o and Deaths
- Extreme Weather- l
Changes in Intermediate Factors FRISNec sl tche
_ | Air Poliution Concentration Ajr Pollution-
P and Detribution Aalated Health EMects
> PolenProduction | > Alergic Dissases
' Infactious Disaases
Water- and
Microbial Contamination
- and w = Food-Borma Desaases
Moctor- and
Rodent-Borne Dsesses
- Crop Yield > Malrutrtion
Storm Surge-Related
= Coastal Flooding - Drowning and Injuries
" | Coastal Aquiter Salnity Health Problems of
Displaced Populations

Moderating Influences and
Adaptation Measures

Adaptlation Measures

Vaccination Programs

Disease Surveillance

Protective Technologies

Weather Forecasting and Warning Systemns
Emergency Management and Disaster Preparedness
Public Health Education and Prevention

Legislation and Administration

Source:Source: Haines, et al, JAMA
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“Customers” and
Business Model
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Public Services:
 National/Federal Government
e States and Provinces
e Cities
Private Sector
 Financial and Insurances
e Infrastructure
e Agriculture, food, forest
e Tourism, logistics
Non-Governmental Organizations
 Developed countries
 Developing countries

Scientific Community
 Applied bio-physical sciences
* Vulnerability, Impacts, Adaptation

Broader Public

No single product for
all customers but a
multitude of products
tailored to the needs
of the users




ACCELERATING INNOVATION IN CLIMATE SERVICES

The 3 E’s for Climate Service Providers

Engagement, Entrepreneurship, and Evaluation
are the keys to innovative and transformative
services that will help citizens, businesses, and

governments manage climate risks.

Mark s. Brooks, MBA
BAMS, 2013

11



TABLE |. Summary of the three E’s for climate service providers.

Brooks, 2013

Area of
importance What it is Why it is important How to do it
Engagement Partnership between provider | « Builds trust between provider | «ldentify society’s climate
and client; core competency and client. sensitivities and information needs.
of climate services. » Supports learning of client * Increase climate literacy.
needs and sensitivities to » Actively engage sectors of
climate change. the economy, build trust and
collaborative relationships.

« Catalog capabilities of all climate
service providers, research, and
datasets.

» Connect research to product ideas
and market needs (TPM) model.

Entrepreneurship | Being innovative, creating * Innovative accomplishments » Adopt management strategy
something new with limited are strikingly entrepreneurial. and structure that support
resources, and organizing « Entrepreneurial process can entrepreneurship.
social and economic help climate service providers | « Nine areas of strength are needed
mechanisms to turn resources | jnnovate better. by climate service providers:
and situations into practical communication, integrity,
outcomes. focus, adaptability, cohesion,

tolerance of failure and ambiguity,
hands- on management, reward, and
intellectual property protection.

Evaluation Series of performance metrics | « Funding sponsors will expect | « Balanced scorecard.

that enable self-evaluation and
self-improvement.

a return on investment.

« Continuous improvement is
necessary.

* Logic models.

» Record testimonials about the value
of climate services.
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Climate change mitigation
» Need for consultation due to numerous different regulations
» Covered by well-established private consulting and service companies

Adaptation to climate change
» Impacts of long-term climate change are currently still not company
relevant

» Potential clients have not yet developed awareness for importance of
adaptation

» New or little developed market

- Awareness raising by providing targeted and individual advice
—> Considerable effort necessary regarding marketing and education of
customers and users.

13
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Economic sectors with substantial need for Climate Services
...have to deal with long-term investments, e.g.
» Water management (great potential), forest management
» Infrastructure, real estate and urban development
» Investment banks and insurances

Economic sectors with currently low demand for Climate Services

...need primarily short-term projections (seasonal to decadal predictions) or depend on
short-term weather or hydrological variations, e.qg.

» Logistics, transport
» Tourism
»  Agriculture (partially)

14
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Development and innovation
Evolution of methodologies, instruments and

skills, for (1) conception development for climate o T e o

S e rVI CeS y (2) g e n e ratl O n Of n eW p ro u CtS an d ‘Generic services Development and innovation Individual services
. . Cnmmunrt_y Webportal Commissioned studies about impact,
services and (3) improvement of knowledge S Smsiersanipoecions [
. . Gleneral maps and clharts about EGETE ()]
tran Sfe r an d CO m m U n I Catl O n shate change and Impacts Development of economic toels and 2:::;:2:!: i::tvriir:ZT[Zm A
News-Scan, Informationsheets methodologies for risk evaluation

with regard to adaptation

. - Customer-specific Fact Sheets
Metworking events Development of communication

climate change / science / society strategies Individual maps and charts about

climate change and impacts

Generic services: :
Fact Sheets; Modular consulting
services for cities and municipalities

Freely available products and services, free of : : _
Data and Analyses about climate Third-party funded projects
change, impacts and adaptation

sharge i e -
climate impac

Specialized training and education

Customer-specific urban analyses

Customer specific, individual services Product
(usually liable to pay costs): Order-related, examples
target group addressed products and services,

subject to a charge

15
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To what degree does CCS develop its own products and services, its
own market with an aggressive marketing strategy and customer
relations, sectoral networks?

Or is CCS the data keeper for others who will develop products and
services?

Or does CCS develop prototype products and services and let others
(e.g., national climate services) to work with users and customers?

What is the business model? Free generic products accessible to all
and individual customer-specific products against retribution?
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What are the
guestions of the
“customers”?



o
~ CSC —=
Climate Service Center T g

Germany _—

Which Information ? -

Eine Einrichtung des Helmholtz-Zentrums Geesthacht

Not many customers require generic data from a large database. They
require analyses and expert judgment using data and other information.

The questions involve local aspects, but at a location that may be well
outside Europe since the economy is global and corporations operate
In many regions of the world.

The customers require information about the robustness of the data
and information about uncertainties.



An Example: Information required by CSC ——
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Project Managers must assess if proposed investments make sense
from the climate point of view.

These managers have no expertise in climate science. They do not
know where and how to access data.

Raw data is not helpful. Information must be pre-digest and easily
understandable.

Climate Services are asked to provide fact sheets with brief information
on present and future climate, including the robustness of the
iInformation.



Climate-Fact-Sheets
Summarizing climate change information
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Example pages of the Climate-Fact-Sheet for Pakistan

Current climate

Observed mean values are taken rom IRemstuse and avaliabie

ghabal dala sets {overnged aver the whols country)

= Major clmate zones (see 250 clmate degrams - CD1-3)
Parthem Falf of the courtry & somi-and (BSh - soe GOD) o hu-
e (Cha - see CO1). Southemn haf of Fakstan s mostly &d 1o
ypar arid (SN - see CO3)

« Anmusl mean temperature’ 20 °C

+ Anmu iotal precipiabon: ~300 mmaye

+ Annual mean sctual evaparation ~300 mmAt (Annusl mean
potortal evaporatian s ~1900 mmyr)

= Anmusl mean chmate water balince: ~0 mmiyr

= Irsenaity of heavy rain events®: 31 mmiday

* Mean duration of dry speis® 115 days

* Moan duration of heatwaves™: & days

* Mian duration of cokd speils®. 10 days T

oo horsiiem SO ol e

oy bt COP ol e

). ¥ &
* Annual mean wind speed (10 m above surface) 25 mis

Reparted recent extrems evens

+ Pakistan was hil by a majot flood in 2010 that afected mere
then a 18 Milion pecple and had an eccnomic damape of
about 3.5 Billan USE.

nd yr) ey

Historical climate trends massaon e gl

CRU da

= Spatially averaped cver e whalke counlry mean annual tempera-
e hias sighty increased by approximately 0.6 °C since the bagin-
ring of the 207 contury, However [is INCIISSD & over Magr pars
o the country statsteally not sigriscant

+ Spatally averaged annusl tota| precpiation has slightly increased
when the full T0° century is corsidered. Syengest incresse & ob-
served in the northern parts of Pakisian, where procipiation sig-
nficantly increase by 15 19 25 percent mainly durng the monscon

Legend

%
2
11

Annual mean temperature
* Median projecton of change in annual mean temperature is for an
increase of 3.8 °C by 2100,

= Likely range: 2 8 to 4 8°C; very kely range. 2 1 10 5.1°C

Separate scenario sxaminaton (by 2100}

* Low-Scenaric B1: Medan +30°C

* High-Scenario A2: Median 4 7°C t {
N

il £

Mty 00

and P L Tarmpessre
The trends of maximum and minimum temperature are consistent 1 p—
with e trend of annunl mean lemewature Sepcted above. 2158
+ Mesdian projection of change i mamimm temperakute s for s 2
inctesse of 3.4 °C by 2100 g |= 2amis
* Median projection of change in minimum tempersture (s for an o LA
increase of 3.8 °C by 2100, 8 |an FETRTY
t 310058
il f‘:l az 18mez
Heatwaves Cold spells”

+ Madian progatien of change in the cuaton of longlastng heat-
wivirs i for an incrnase of 28 days by 2100

* Likaly range. 14 10 51 days: very lkoly range: 11 to 69 diys

Separate scenana sxaminaten by 2100)

+ Madan promction of change in the duration of keng-lastng cold
el 16 Tor a decrease of & duys by 2100

* Likaly range. -8 to -3 days, very Eoely range. 11 to -1 days.

Separate soenanc sxaminaton [y 2100)

* Low-Scenario B1: Mecian 13 days
+ High-Beenanio A2: Median +42 days

*+ Low-Scenario B1: Madsn 4 diys
+ High-<Scenario AZ: Medan 5 days

= Signficant (above average) anqual mean temparatute morease seasan Negath r
ras inthe + For the peiiod 1976 to 2005, however a Gecreasing rainfall trerd

. i annual mean has been chserad (1.2 mmicecade) is ctserved when averaged all over the country,
in e sLD-montane Zone and western highlands n the norn wiich may be altributed 1o the preserce of diought perod durng
* Mo of cold (wamm) rights has generally decreased (Increased] 1998.2001.

cver Pekistan in the period 1961 0 2000, however & station in the
Greater Himalayas in the norn showed opposie behaviour

= Mo esherert frerds are seen with respect 1o observed changes i
precipitation extremes foe the perod 1981-2000.

Ailm: Concise summary

Summary of projected future elimate o i

arwd of I confury and combined for all scenaitos)

Temperature The medan projection of change in arnual mean termperature is o an ncrease of 2.8 "C by 2100, with projected change Il f\'e
- wery likely boTall in the range from 2110 5.1 °C. Conficence in hesa igures is high The change in temperature can b con- is
sidered 1o be strong. The median prajection of changs in maximum temperaturs is for an increase of 3.4 °C by 2100 and in
e e -— -— e - s ! Lhs i * =
Of aVa.I I abl Stat Of th Projections of possible development of solar irradiance

Heatwarves The median projection of changs i the duration of lang-lasting heatvwaves is far an increase of 28 days by 2100, wih pro-
Jected changs very fikely to fal in the rarge fiom 11 10 69 days. Confidence in these figures is medium. The changs in the . ge in solar 0 substantial
duration of lorg-lsting heatemes can be corsidered to be strong 8 until 2900, with Bt ncreane and

#0me 8 decresss.
* Liknly range. -3 t= O paccont. very likely range. -6 1o +1 parcent
Sepacate scanario sxaminason by 2100)
+ Lew-Scenaric B1: Madan -1 pevcert
* High-Scenaric AZ: Madian -7 percent

Thie median proiection of change in the duraticn of long-asting <okl speils IS for a decrease of 4 days by 2100, with projected
change very likely 1o fa in the fangs from - 11 1o -1 days Confidence in these figures fs medium. The change in the curaten
of lorg-lasting cokd 5pels can be considered to be sreng

TS

Corfidence 0 thess figues is medium. The change in annual mean sola imdisnce can b considensd 1 b weak.

Precipitation The medan progecton of change in s forng until 2100, weh some projctions
Shawing a0 increase and some propcions 4 cecrease. Projcted change 1S very likely to fal n e range from -5 to +26

percent Ti arge in frst half of e year (January 1o May - Lpto-17%] anda

art climate change -
information for a oS Shawing 8N InEreBss nd Some & deereass. Prcjected RANGS (5 very likely 1 il In the fange fiarm -6 10 +1 parcert
country/region T e
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Europe

Daily data of high-resolution climate change
projections

- time period from 1960 to 2100

- horizontal resolution 25 x 25 km (50x50 km)

- only one emissions scenario (moderate A1B -
Scenario)

Altogether 20 model simulations available

Ensembiles - Multi-Model Mean - RChs - 2021-2050 - 1961-1990 - Temperature - [Ci]

Globally

Monthly and daily data of global (low-resolution)
climate projections

- Time periods: monthly 1950-2100; daily for three time
slices (1961-1990; 2046-2065; 2081-2100)

- Horizontal resolution 100 to 500 km

- Three emission scenarios (low - B1; moderate - A1B;
high - A2) with about 20 simulations each

Altogether about 60 model simulations
available

@=NWBABUON

3
a
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List of parameters presented in the climate-fact-sheets?
« Temperature (annual mean, minimum and maximum temperatures)

e Annual total precipitation and the annual precipitation cycle

e Actual evaporation

« Climatic water balance (derived from difference between annual total
precipitation and annual total actual evaporation)

e Annual mean wind speed

 Annual mean solar irradiance

 Heatwaves & cold spells

e Dry spells

* Intensity & frequency of heavy rainfall events
* Intensity & frequency of storm events

 Change in mean sea level (if appropriate)
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Concept of the , Climate-Fact-Sheets”

» Concise summary of the major information about the climate of a country for
past, current and future development

* Focus of the climate-fact-sheets is on the projected future changes

» Fact-sheets usually have some 4 to 6 pages with short text passages, tables
and different diagrams

 Information is based on primary data (e..g projections from global and regional
climate models or continental wide observational datasets) and literature review

————
.

Climate-Fact-Sheet

HE
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Expert judgment on signal
strength and confidence

= t Based on:

Eﬂ . o — - Statistical significance of changes
g 0 Qb?"' | - magnitude of absolute changes

T‘: [ § G | - Quality of climate model simulations
c - H

.EDO Low ' when compared to observed data
W

- Signal-to-noise ratio of projected
— changes
& Cimte-Fact et ” - —= | |\ || - Agreement of model projections in
: ' o \1|  the direction of change
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Wind data acquired at meteorological stations are mainly used

1. To scale the data measured at sites under development from
the on-site observation period (usually one year) to time scales

relevant for the financing and operation of the wind farms, i.e.
about 20 years

2. To predict the energy production of wind farms in conjunction
with the energy trading and grid operation
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For the first requirement, homogenous historic wind data are
needed covering at least 10 years but preferably more than 20
years.

At sites with relatively strong wind resource, an error of 0.1 m/s in
the aggregated wind speed history will lead to an error in
predicted long term energy production of 2 % to 3 %.

For sites with moderate wind resource, an error of 0.1 m/s in
predicted long term mean wind speed will cause an error of 3 % to
5 % at such sites.
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A 0.1 m/s wind speed error contained in the wind statistics of a

meteorological station will basically consume half of the expected
return of the investor.

For a medium size wind farm of 10 wind turbines, and error of 5 %
corresponds to aloss (or gain) in the order of 200,000 € to 300,000
€ per year at a site with moderate wind resource, i.e. about 5 M€
over the lifetime of the wind farm.
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Evaluation of Model
Data
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1. Seasonal mean biases at grid
point scale for entire Euro-
CORDEX domain (EUR-11)

2. Eight metrics applied to each
analysis region, describing
different aspects of model per-
formance (EUR-11 and EUR-44)

N I Temporal and spatial means I

¢ Spatial variability

*| Temporal variability |
- [Wiean annual cyle ]

Regional climate modeling on European scales:
A joint standard evaluation of the

_ EURO-CORDEX .RCM ensemble _

This talk
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Climate change models (global and regionally downscaled) must
be evaluated carefully, before they can be used as a basis for
Impact models or indicators, which are going into adaptation
research/information.

If bias-correction (or any other model output statistics) is used to
modify the climate model data, then we have to know how much
the method is changing the result (signal).

A comparison of bias-correction methods is therefore needed.
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The evaluation should not focus only on standard variables; it
should consider parameters required by the users.

Examples: hours of sunshine or humidity-driven parameters
Important for the construction sector, soil parameters for the
agricultural sector.

Observations such such parameters (e.g., soil parameters) are
often missing.
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PRECIPITATION: Regional and temporal mean bias [%]
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PRECIPITATION: Regional and temporal mean bias [%]
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i Individual outliers beyond ENSEMBLES range...
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QC is needed in all steps of the creation of the data for climate
change adaptation: observations and the associated techniques,
modeling, model output statistics, analyses methods, visualization

The standards for non meteorological data (e.g., soil data, socio-
economic data, model output, etc.) should be the same as for climate

data.
It makes no sense to have a very robust CC information, but less good data on e.g. sectorial
data, which are of equal importance to the user for adaptation options.

Data output formats, availability in the archives of values at all time
steps, no missing values, easily accessible, transparent data,
documentation, same standards across the EU.

The archives MUST be open for everyone - not only NMSs.
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Climate Services

Conclusions
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Enhancing adaptive capacity for society
in the context of changing weather and climate
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