Dear KatjaFrieler(andall),

Thanks for the revised version of the manuscript, which | evaluate as near ready for publication. |
have only one concern for the completeness of the manuscript with the removal of the complete
technical information tothe ISMIP website. Could you update the Sl so as to provide itthere as well
(see commentsin details below).

Bestwishes,
Didier(R.)

Non-publiccomments to the Author:
Dear KatjaFrieler(andall),

| have read the response forreviewersand the revised manuscript. | am mostly happy withiit.
Howeverlsee oneissue with the fact that a good part of the scenario description has been moved to
adocumentonthe ISMIP2 serversand that isthe permanence of the linkand the completeness of
the manuscript. Though clearly the splitting that you did is goingin the right way, could you either
have a doi attributed to that document or (better | would think) have itadded to the Sl of the
manuscript "as is". Inthat way the manuscriptis still completeand the accepted version of the
manuscript hasits technical document attached toiit.

Let me know what you think about this (by email if you wish to discussit).

Bestwishes,

Didier(R.)

Answer:
Dear Didier,

thank you very much for the positive evaluation of our paper. We fully agree to your point that the
papershouldbe stand-alone without areference to a potentially changing online document. To this
end we have added the scenario tables describingthe model runs foreach individual sector to the SI.
In this way the paperincludesall relevantinformation about the different settings. It is only the very
technical information aboutfile formats, variable names, ornaming conventions for the output files
that is still only included in the online document. These details may be adjusted in course of the
project (e.g.anadditional variable may be added to the list of outputvariables or we may still notice
that a certain file format is more appropriate etc.). As we would like to avoid a situation where
multiple versions of this technical information are available at different places, we decided to make
themavailable in only one “living” online document. However, this information is not at all needed
to understand the simulation settingitself and the reasoning behindit. In this sense we consider the
paper stand-alone now.

There are a few more minor changes of the text based on adjustments that have been made in
course of the project. The main modification refers to the description of the LU data provided within
ISIMIP2b. While the harmonized data was only available for one GCM when we submitted the first
revised version of the manuscript, the data is now available for all four GCMs. Therefore Figure 3 of
the main text and Figure S6 of the Sl have been adjusted accordingly. In addition we modified the
approach to separate the bioenergy areas from the land use categories (c3per and c4per) provided



by the harmonization approach by Hurtt etal.. While we firstintended to use the information about
the bioenergy fraction to total crop land from the original MAgPIE simulations, we finally decided to
directly use the bioenergy fraction of c3perand cdper instead. Thisapproach is actually more straight
forward and transparent. It avoids a number of technical problems that arose from the previous
method.

In addition, the paper now contains afull description of the bias-adjustment for Surface Downwelling
Shortwave Radiation (rsds) and Near-Surface Relative Humidity (hurs). While we originally planned to
describe the approach in a separate paper we decided to add it to the protocol paper in order to
provide a full reference for the method without further delay.

Finally, after the submission of the first revised version of the manuscript, an rcp26soc and an
rcp60soc scenario have been specified for the simulations in the regional forest sector. The
associated descriptions have been added to table 6 of the main text.

We hope that the updated manuscript now fulfills all standards for its final publication.

Kind regards
Katja
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Abstract. In Paris, France, December 2015, the Conference of the Parties (COP) to the United Nations
Framework Convention on Climate Change (UNFCCC) invited the Intergovernmental Panel on Climate Change
(IPCC) to provide a “special reportin 2018 on the impacts of global warmingof 1.5°C above pre-industrial levels
and related global greenhouse gas emission pathways”. In Nairobi, Kenya, April 2016, the IPCC panel accepted
the invitation. Here we describe the response devised within the Inter-Sectoral Impact Model Intercomparison
Project (ISIMIP) to provide tailored, cross-sectorally consistent impacts projections to broaden the scientific
basis for the report. The simulation protocol is designed to allow for 1) separation of the impacts of historical
warming starting from pre-industrial conditions from impacts of other drivers such as historical land-use
changes (based on pre-industrialand historical impact model simulations); 2) quantification of the impacts of
additional warming up to 1.5°C, including a potential overshoot and long-term impacts up to 2299, and
comparison to higher levels of global mean temperature change (based on the low-emissions Representative
Concentration Pathway RCP2.6 and a no-mitigation pathway RCP6.0) with socio-economic conditions fixed at
2005 levels; and 3) assessment of the climate effects based on the same climatescenarios while accounting for
simultaneous changes in socio-economic conditions following the middle-of-the-road Shared Socioeconomic
Pathway (SSP2, Fricko et al., 2016) and in particular differential bio-energy requirements associated with the
transformation of the energy system to comply with RCP2.6 compared to RCP6.0. With the aim of providing the
scientific basisfor an aggregation of impacts acrosssectors and analysis of cross -sectoral interactions that may
dampen or amplify sectoral impacts, the protocol is designed to facilitate consistentimpacts projections from a
range of impact models across different sectors (global and regional hydrology, lakes, global crops, global
vegetation, regional forests, global and regional marine ecosystems and fisheries, global and regional coastal

infrastructure, energy supply and demand, temperature-related mortality, and global terrestrial biodiversity).
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1 Introduction

Societies are strongly influenced by weather and climate conditions. Itis generally understood that persistent
weather patterns influence lifestyle, infrastructures, and agricultural practices across climatic zones. In
addition, individual weather events can cause immediate economic damages and displacement. However, the
precise translation of projected changes in weather and climate into societal impacts is complex and not yet
fully understood or captured by predictive models (Warren, 2011). Empirical approaches have linked pure
climate indicators like temperature or precipitation to highly-aggregated socio-economic indicators such as
national Gross Domestic Product (GDP) (Burke et al., 2015; Dell et al., 2012), but do not resolve the underlying
mechanisms. At the same time a growing array of detailed (process-based) models have been developed to
translate projected changes in climate and weather into specific impacts on individual systems or processes,
including: vegetation cover, crop yields, marine ecosystems and fishing potentials, frequency and intensity of
river floods, coastal floodingdueto sea level rise, water scarcity, distribution of vector-borne diseases, changes
inbiodiversity and ecosystemservices, heat and cold-related mortality, labour productivity, and energy supply
(e.g. hydropower potentials) or demand. These models provide a basis for a more process -based quantification

of societal risks.

Traditionally, sector-specific impact models are constructed independently and do not interact (except for a
few multi-sector models). However, by considering the behaviour of multiple sector specific models within a
singlesimulation framework, itis possible to begin to assess the integrated impacts of climate change. Current
damages from weather related natural disasters amount to about $US95 billion per year on average over 1980-
2014 (Munich Re, 2015) and, from 2008 to 2015, an estimated 21.5 million people per year were dis placed by
weather events (Internal Displacement Monitoring Centre and Norwegian Refugee Council, 2015) where the
underlying causes are diverse: storms accounted for 51% of the economic damages of weather events, flood
and mass movements induced 32%, and extreme temperatures, droughts and wildfire inflicted 17% of the
overall losses. Displacement was mainly driven by floods (64%) and storms (35%), with minor contributions
from extreme temperatures (0.6%), wet mass movement (0.4%), and wildfires (0.2%) (the more indirect effects
of rainfall deficits and agricultural droughts on displacement are not even captured in these global statistics of
displacement). Thus, projections of fluctuations and long-term trends in the most basic proxies of immediate
disaster induced economic losses and displacements such as “exposed assets” or “number of people affected”
require a range of different types of climate impacts models (e.g. hydrological models for flood risks, biomes
models for risks of wildfires, crop models for heat or drought-induced crop failure), which have to be forced by

the same climate input to allow for an aggregation of the respective impacts.

ISIMIP is designed to address this challenge by forcing a wide range of climate-impact models with the same
climate and socio-economic input (Schellnhuber et al., 2013, www.isimip.org) and by making the data publicly
available (https://www.isimip.org/protocol/terms-of-use/), similarly to the climate simulations generated

within the Coupled Model Intercomparison Project (CMIP, Taylor et al., 2012). Inits first phase, the ISIMIP Fast
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Track provided the first set of cross-sectorally consistent, multi-model impact projections (Warszawski et al.,

2014). The data are publicly available through https://esg.pik-potsdam.de. Now in its second phase, the first

simulation round (ISIMIP2a) was dedicated to historical simulations with a view to detailed model evaluation,
in particularwith respect to the impacts of extreme events. So far, over 65 international modelling groups have

submitted data to the ISIMIP2a repository, which will be made publicly available in 2017. First sectoral

packages of ISIMIP2a data are already available through https://esg.pik-potsdam.de. Here, we describe the
simulation protocol and scientific rationale for the next round of simulations (ISIMIP2b). The protocol was
developed in response to the planned IPCC Special Report on the 1.5°C target, reflecting the responsibility of
the impacts-modelling community to providethe best scientific basisfor political discussions about mitigation
and adaptation measures. Importantly, the simulations also offer a broad basis for climate impacts research
beyond the scope and time frame of the Special Report. Given the tight timeline the ISIMIP2b data will be
made publicly available according to adjusted terms of use, superseding the usual embargo period
(https://www.isimip.org/protocol/terms-of-use/). In this way the ISIMIP2b simulation data can be used by a

wider community to extend the scientific evidence base for the Special Report.-

In Paris, parties agreed on “..holding the increase in the global average temperature to well below 2 °C above
pre-industriallevels and pursuing efforts to limit the temperature increase to 1.5°C above pre-industrial levels,
recognizing that this would significantly reduce the risks and impacts of climate change.” (UNFCCC, 2015).
While the statement “holding below 2°C” implies keeping global warming below the 2°C limit over the full
course of the century and afterwards, “efforts to limit the temperature increase to 1.5°C” is often interpreted
as allowing for a potential overshoot before returning to below 1.5°C (Rogelj et al., 2015). Given the remaining
degrees of freedom regarding the timing of maximum warming and the length of an overshoot, the translation
of emissions into global mean temperature change, and, even more importantly, the uncertainty in associated
regional climate changes, a wide range of climate change scenarios, all consistent with these political targets,
should be considered and multiple ways to reach a given target. However, the computational expense of
climateand climate-impactprojections limits the set of scenarios that can be feasibly computed. These should
therefore be carefully selected to serve as the basis for efficient extrapolations of impacts to a wider range of
relevant climate-change scenarios. In the ISIMIP2b protocol, the Representative Concentration Pathway (RCP)
RCP2.6 was chosen, being the lowest emission scenario considered within CMIP5 and in line with a 1.5°C or 2°C
limitof global warming depending on the definition and the considered Global Circulation Model (GCM). While
there are plans within the next phase of CMIP to generate climate projections for a lower emission scenario
(RCP2.0), these data will not be available in time to do the associated impacts projections for the Special

Report.

The ISIMIP protocol covers a core set of scenarios thatcan be run by all participating impact-modelling groups,
ensuringa minimal set of multi-model impact simulations consistent across sectors, and therefore allowing for

cross-sectoral aggregation and integration of impacts. In Section 2 of the paper we outline the basic set of
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scenarios and the rationale for their selection. Sections 3-8 provide a more detailed description of the input
data, i.e. climate input data, land use (LU) and irrigation patterns accounting for mitigation-related expansion
of managed land (e.g. for bioenergy production), population and GDP data, and associated harmonized input
representing other drivers on impact indicators. Section 9 provides exemplary informati on about the sector-

specific implementation of the different scenarios_for the global and regional water sector. Associated tables

for the other sectors are included in the SI. Further technical information such aswhile-comprehensive up-to-
date lists of sector-specific requested output variables,precisescenariodescriptions; and detailed information

about data formats etc. is included in a separate ISIMIP2b modelling protocol on the ISIMIP website
(www.isimip.org/protocol/#isimip2b) that should be used as up-to-date reference by participating modelling

groups when setting up and performing simulations.

2 The rationale of the basic scenario design

Core ISIMIP2b simulations will focus on 1) quantification of impacts of the historical warming compared to pre-

industrial reference levels (see Section 2.1, Figure 1a, Group 1), 2) quantification of the climate change effects

based on a strong mitigation pathway and a Business-As-Usual (BAU) pathway assuming fixed, present-day
management, land-use and irrigation patterns and societal conditions (see Section 2.2, Figure 1a, Group 2)
including a quantification of the long-term effects of low-level global warming following a potential overshoot
based on an extension of the strong mitigation pathway to 2299, and 3) quantification of the impacts of “low-
level” (~1.5°C) global warming based on the strong mitigation and BAU pathway, while accounting for
additional (human) influences such as changes in management and LU patterns in response to population

growth and bioenergy demand (see Section 2.3, Figure 1b, Group 3).

To ensure wide sectoral coverage by a large number of impact models, the set of scenarios is restricted to 1)
the SSP2 socio-economic storyline representing middle-of-the-road socio-economic development concerning
population and mitigation and adaptation challenges (O’Neill et al., 2014) (see Section 5); 2) climate input from
four global climate models (GCMs) (see Section 3), 3) simulations of the historical period, and future
projections for a no-mitigation baseline scenario (SSP2 + RCP6.0) (Fricko et al., 2016) and the strong mitigation
scenario (SSP2 + RCP2.6) closest to the global warming limits agreed on in Paris (see Section 3); and 4)
representation of potential changes in LU, irrigation and fertilizer input associated with SSP2 + RCP6.0
(LU_ISIMIP2b_ssp2_rcp60) and SSP2 + RCP2.6 (LU_ISIMIP2b_ssp2_rcp26) as generated by the global LU model
MAgPIE (Model of Agricultural Production and its Impact on the Environment, Lotze-Campen et al., 2008; Popp
et al., 2014a; Stevanovi¢ et al., 2016) and adjusted to ensure a smooth transition from historical patterns.
MAgPIE simulations accountfor climate-induced changes in crop production, water availability and terrestrial

carbon content and differential bio-energy application (see Section 4).
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2.1 Quantification of pure climate-change effects of the historical warming compared to pre-industrial
reference levels (Figure 1a, Group 1)

The Paris Agreement explicitly asks for an assessment of “the impacts of global warming of 1.5°C above pre-
industrial levels”, particularly including a quantification of impacts of the historical warming to about ~1°C.
Usually,impactprojections (such as those generated withinthe ISIMIP FastTrack, Warszawski etal., 2013) only
allow for a quantification of projected impacts (of say 1.5°C warming) compared to “present day” or “recent
past” reference levels, because the impacts model simulations rarely cover the pre-industrial period. This
severely restricts the opportunities to gain a better understanding of climate-changeimpacts already unfolding
and the options to address questions associated with the “detection and attribution” of historical impacts in
the context of the “loss and damage” debate (James et al., 2014). In the Fifth Assessment Report of the
Intergovernmental Panel on Climate Change (IPCC AR5), an entire chapter is dedicated to the detection and
attribution of observed climate-change impacts (Cramer et al., 2014). However, the conclusions that can be
drawn are limited by: 1) the lack of long-term and homogeneous observational data, and 2) the confounding
influence of other drivers such as population growth and management changes (e.g. expansion of agriculturein
response to growing food demand, changes in irrigation water withdrawal, building of dams and reservoirs,
changes in fertilizer input, and switching to other crop varieties) on climate impact indicators such as river
discharge, crop yields and energy demand etc.. For the historical period these other influences may also
comprise known natural disturbances such as wild fires, outbreaks of diseases and pests etc. that could be
considered as external drivers in part of the models. However, for simplicity we refer to the entire group of
external drivers as “socio-economic conditions” throughout the paper. Over the historical period, these
influences have evolved simultaneously with climate, rendering the quantification of the pure climate-change
signal difficult. Model simulations could help tofill these gaps and could become essential tools to separate the
effects of climate change from other historical drivers. To address these challenges the ISIMIP2b protocol
includes: 1) a multi-centennial pre-industrial reference simulation (picontrol + fixed pre-industrial socio-
economic conditions (1860soc), 1660-1860); 2) historical simulations accounting for varying socio-economic
conditions butassuming pre-industrial climate (picontrol +histsoc, 1861-2005); 3) historicalimpactsimulations
accountingfor varying socio-economic conditions and climate change (historical + histsoc, 1861-2005). These
scenarios facilitate the separation of the effects of historical warming (as simulated by GCMs) from the other
drivers by taking the difference between the two model runs covering the historical period. The full period of
historical simulation results also allows for cross-sectorial assessments of when the climate signal becomes
significant.Inaddition, the control simulations will providea large sample of pre-industrial reference conditions
allowing for robust determination of extreme-value statistics (e.g. the water levels of one hundred year flood
events) and e.g. the typical spatial distribution of impacts associated with certain large-scale circulation
patterns such as El Nino (lizumi et al., 2014; Ward et al., 2014) or other circulation regimes capable of
synchronising the occurrence of extreme events across sectors and regions (Coumou et al., 2014; Francis and

Vavrus, 2012). In addition, the pre-industrial reference represents more realistic starting (and spin-up)
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conditions for e.g. the vegetation models or marine ecosystem models compared to artificial “equilibrium

present day” conditions as used in the ISIMIP Ffast Ttrack.

For models that are not designed to represent temporal changes in LU patterns or socio-economic conditions
simulationsshould bebased on constantpresent day (year 2005) societal conditions (“2005soc”, dashed linein
Figure 1). Modelling teams whose models do not account for any human influences are also invited to
contribute simulations for Group 1 and Group 2 based on naturalized settings (to be labelled “nosoc”). A

detailed documentation of the individual model-specific settings implemented by the different modelling

groups is available in the Slwi

2.2 Future impact projections accounting for low and high Greenhouse gas emissions assuming present day
socio-economic conditions (Figure 1a, Group 2)

To quantify the pure effect of additional warming to 1.5°C or higher above pre-industrial levels, the scenario
choiceincludes a group of future projections assumingsocio-economic conditions fixed at present day (chosen
to be 2005) conditions (2005soc, see Figure 1aa, Group 2). The Group 2 simulations start from the Group 1
simulationsand assume: 1) fixed, year 2005 socio-economic conditions but pre-industrial climate (picontrol +
2005s0c, 2006-2099), 2) fixed year 2005 socio-economic conditions and climate change under the strong-
mitigation scenario RCP2.6 (rcp26 + 2005soc, 2006-2099), 3) fixed year 2005 socio-economic conditions and
climatechange under the no-mitigation scenario RCP6.0 (rcp60 +2005s0c, 2006-2099), and 4) extension of the
RCP2.6 simulations to 2299 assuming socio-economic conditions fixed at year 2005 levels (rcp26 +2005soc,
2101-2299). In this way, the distribution of impact indicators within certain time windows, in which global
warming is around e.g. 1.5°C or 2°C, can be compared without the confounding effects of other drivers that
vary with time (e.g. Fischer and Knutti, 2015;Schleussner et al.,2015).In particular, the impacts at these future
levels of warming can be compared to the pre-industrial reference climate, assuming a representation of pre-
industrial levels of socio-economic conditions (picontrol + 1860soc, Group 1) and pre-industrial reference

climate but present-day levels of socio-economic conditions (picontrol + 2005soc, Group 2).

The extension of the RCP2.6 projections to 2299 is important because: 1) global mean temperature may only
return to warming levels below 2°C after 2100 (see HadGEM2-ES and IPSL-CM5A-LR, Figure 2), and 2) impacts
of global warming will not necessarily emerge in parallel with global mean temperature change, because, for
example, climate models show a hysteresis in the response of the hydrological cycle due to ocean inertia (Wu
et al., 2010). Similarly, sea-level rise associated with a certain level of global warming will only fully manifest
over millennia.Inadditionto the lagged responses of climate to Greenhouse gas emissions, thereis additional
inertia in the affected systems (such as vegetation changes and permafrost thawing) that will delay responses.
Thus, an assessment of the risks associated with 1.5°C global warming requires simulations of impacts when
1.5°C global warmingis reached, as well as of the impacts when global warming returns to 1.5°C and stabilizes.
The characteristic peak and decline in global mean temperature associated with RCP2.6 (depending on the

climate model) will help to get a better understanding of the associated impacts dynamics. This could be used

7
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to derive reduced-form approximations of the complex-model simulations, allowingfor a scaling of the impacts
to other global-mean-temperature and CO, pathways by e.g. identifying the functional relationships between
global mean temperature change andthe considered impactin caseof instantaneous responses (Hirabayashi et
al., 2013) or using approaches that allow for delayed responses of the system under consideration (Mengel et
al.,2016; Winkelmann and Levermann, 2013).In each casesimplified models trained in RCP2.6 could be tested
on RCP6.0. Providing the basis for the development of these tools is critical given the range of scenarios

consistent with the temperature goals as described in the Paris agreement.

Depending on the time scaleof stabilization of the climateand the lagin the response of the impacts to climate
change the extension of the simulations to 2299 could provide a sample of a relatively stable distribution of
impacts associated with RCP2.6 levels of emissions. Similar to the 200-year pre-industrial reference
simulations, this sample could provide a basis for the estimation of extreme-value distributions that can be
compared to the associated pre-industrial reference distributions (picontrol + 1860soc (Group 1) or picontrol +

2005soc (Group 2)).

2.3 Future impact projections accounting for low and high levels of climate change accounting for
socioeconomic changes (Figure 1b, Group 3)

Future projections of the impacts of climate change also depend on future socio-economic development. For
example many impactindicatorssuch as “number of people affected by flood events” (Hirabayashietal., 2013)
or “number of people affected by long-term changes going beyond a certain range of the reference
distribution” (Piontek et al., 2014) directly depend on population projections (exposure) or socio-economic
conditions e.g. reflected in flood protection levels (vulnerability). While socio-economic drivers can partly be
accounted for in post-processing (e.g. for the number of people affected by tropical cyclones) others are
directly represented in the models such as dams and reservoirs or LU changes. To capture the associated
effects on the impact indicators, the ISIMIP2b protocol contains a set of future projections accounting for
potential changes in socio-economic conditions (e.g. rcp26soc), building on the SSP2 story line (see_Figure 1b-,
Group 3). The relevance and representation of specific socio-economic drivers strongly differs from sector to
sector orimpact model to impactmodel. Here, we focus on changes 1)in population patterns and national GDP
(see Section 6), 2) land-use, irrigation patterns and fertilizer input (see Section 4), and 3) nitrogen deposition
(see Section 7). However, even beyond these indicators, models that represent other individual drivers should
account for associated changes according to their own implementation of the SSP2 storyline. The simulations
start from the Group 1 simulations and assume 1) future changes in human influences but pre-industrial
climate (picontrol + rpc26soc or rcp60soc, 2006-2099), 2) future changes in human influences and climate
change under the strong mitigation scenario RCP2.6 (rcp26 + rcp26soc, 2006-2099), 3) future changes in human
influences and climate change under the no-mitigation scenario RCP6.0 (rcp60 + rcp60soc, 2006-2099), and 4)
and extension of the RCP2.6 simulations to 2299 assuming human influences fixed at 2100 levels (rcp26 +

2100rcp26soc, 2101-2299).
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The representation of changes in LU, irrigation, and fertilizer inputis particularly challenging as its hould be
consistent with historical records, and future changes are affected by multiple factors including 1) population
growth, 2) changing diets under economic development, 3) climate-change effects on crop vyields, and 4)
bioenergy demand associated with the level of climatechange mitigation. The ISIMIP2b protocol is designed to

accountfor all theseaspects (see Section 4). Usingassociated LU patterns inthe impact models participatingin

ISIMIP2b will allow for the assessment of potential side-effects of certain transformations of the energy system
associated with a 1.5°C global-mean-temperature limit, such as the allocation of land areas to bioenergy
production. The scenario design will facilitate estimation of the consequences of the suggested LU changes in

comparison to the avoided impacts of climate change.
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Figure 1Schematicrepresentation of the scenario design for ISIMIP2b. “Other” includes other non-climatic forcing factors
such as fertilizerinput, irrigation, selection of crop varieties, flood protection levels, dams and reservoirs, water abstra ction
forhumanuse, fishing effort, atmospheric nitrogen deposition, etc. Panel a) shows the Group 1 and Group 2 runs. Group 1
consists of model runs to separate the pure effect of the historicalclimate change fromother (human) influences. Models
thatcannotaccountforchangesina particularforcingfactorare asked to hold that forcing factorat 2005 levels (2005soc,
dashedlines). Group 2 consists of model runs to estimate the pure effect of the future climate change assuming fixed year
2005 levels of population, economic development, LU and management (2005s oc). Panelb) shows Group 3 runs. Group 3
consists of model runs to quantify the effects of the LU changes, and changes in population, GDP, and management from
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2005 onwards associated with RCP6.0 (no mitigation scenariounder SSP2) and RCP2.6 (strong mitigation scenario under
SSP2). Forcing factors for which no future scenarios exist (e.g. dams/reservoirs) are held constant after 2005.

3 Climate input data

Bias-adjusted climate input data atdaily temporal and 0.5° horizontal resolution representing pre-industrial,
historical and future (RCP2.6 and RCP6.0) conditions will be provided based on CMIP5 output of GFDL-ESM2M,
HadGEM2-ES, IPSL-CM5A-LR and MIROCS. Output from the first three of these four GCMs was already used in
the ISIMIP Ffast Ttrack. In contrast to the ISIMIP Ffast Ttrack we will also provide bias-adjusted atmospheric
data over the ocean, which is, for example, relevant for the impacts on offshore wind energy generation or the
physical representation of coastal flooding. Output from two of the GCMs (GFDL-ESM2M and IPSL-CM5A-LR)
includes the physical and biogeochemical ocean data required by the marine ecosystem sector of ISIMIP (see

FISH-MIP, www.isimip.org/gettingstarted/marine-ecosystems-fisheries/). The fast-track model NorESM1-M was

taken out of the selection due to the unavailability of near-surface wind data, and MIROC-ESM-CHEM was
replaced by MIROCS, which in comparison features twice the horizontal atmospheric resolution (Watanabe et
al., 2010, 2011), a lower equilibrium climate sensitivity (Flato etal., 2013), a smaller temperature driftin the
pre-industrial control run (0.36°C/ka compared to 0.93°C/ka), and more realistic representations of ENSO
(Bellenger et al., 2014), the Asian summer monsoon (Sperber et al., 2013) and North Atlantic extratropical

cyclones (Zappa etal., 2013) during the historical period.

GCM selection was heavily constrained by CMIP5 data availability since we employed a strictclimate input data
policytofacilitateunrestricted cross-sectoralimpactassessments.Inorder to be includedinthe selection, daily
CMIP5 GCM output hadto be availablefor the atmosphericvariables listed in Table 1 covering atleast 200 pre-
industrial control years, the whole historical period from 1861 to 2005, and RCP2.6 and RCP6.0 from 2006 to
2099 each. Originally, these requirements were completely met for GFDL-ESM2M, IPSL-CM5A-LR and MIROCS.

Gaps in HadGEM2-ES data (see Figure 2) were filled by re-running the model accordingly.

The small number of only four GCMs is not sufficient to span the range of regional climate changes proj ected
by the entire CMIP5 ensemble. Figure S7 and S8 of the Sl allow for a comparison of the regional temperature
and precipitation changes as projected by the selected GCMs to the projections of the entire CMIP5 ensemble
of GCMs. The comparison is provided for all ISIMIP2b focus regions (see Figure 6) that will be covered by
regional hydrological simulations (selected river basins) and simulations of changes in marine ecosystems and
fisheries (selected ocean Sections). Figure S9 provides an additional analysis of the Fractional Range Coverage
(FRC; McSweeney andJones, 2016) of these regional climate changesignals by the ISIMIP2b set of GCMs. While
originally chosen onthe basis of climate input data requirements, the four selected GCMs provide an FRC close

to the mean FRC across randomly chosen four-member sets of CMIP5 GCMs.

11
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Data from IPSL-CM5A-LR and GFDL-ESM2M are the first and second priority climate input data sets
respectively, since these GCMs provide all the monthly ocean data required by FISH-MIP and since IPSL-CM5A-
LR additionally offers an extended RCP2.6 projection. That means impacts modelling groups that do not have
the capacities todo all simulations described in the ISIMIP2b protocol should start to force their model by the
IPSL-CM5A-LR data and then continue with the GFDL-ESM2M runs if possible. Usage of MIROCS data is of third
priority.Sincethe HQdGEM2-ES climateinputdata only became availableata later stage in the project, itis the

fourth priority.

Global-mean-temperature projections from IPSL-CM5A-LR and HadGEM2-ES under RCP2.6 exceed 1.5°C
relative to pre-industrial levels in the second half of the 21° century (see Figure 2). While global-mean-
temperature change returns to 1.5°C or even slightly lower by 2299 in HadGEM2-ES, it only reaches about 2°C
in IPSL-CM5A-LR by 2299. For GFDL-ESM2M, global-mean-temperature change stays below 1.5°C until 2100.
For MIROCS, it stabilizes at about 1.5°C during the second half of the 21° century.

For HadGEM2-ES, IPSL-CM5A-LR and MIROCS, it was necessary to recycle pre-industrial control climate data in
order to fill the entire 1661-2299 period. Based on available data, the recycled time series start after the first
320 (HadGEM2-ES), 440 (IPSL-CM5A-LR) and 570 (MIROCS) pre-industrial control years, which means that pre-
industrial control climate data from 1981, 2101 and 2231 onwards are identical to those from 1661 o nwards,
respectively. For GFDL-ESM2M, no such recycling was necessary. For all four GCMs, temperature drifts in the
pre-industrial control run areconsidered sufficiently small relative to inter-annual variability and temperature
changes in the historical and future periods, so that de-trending pre-industrial control climate data was

deemed unnecessary.

12
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Figure 2 Time series ofannual globalmean near-surface temperature change relative to pre-industrial levels (1361-1860) as
simulated with IPSL-CM5A-LR, GFDL-ESM2M, MIROC5 and HadGEM2-ES (from top to bottom). Colour codingindicates the
underlying CMIP5 experiments (grey: pre-industrial control, black: historical, blue: RCP2.6, yellow: RCP6.0) with
correspondingtime periods given atthe top. Thick lines indicate model-experiment combinations for which 3-hourly
climate input data are available (cf. Table 2).

3.1 Bias--adjusted atmospheric GCM data

For most variables, the provided atmospheric GCM data have been bias-adjusted using slightly modified
versions of the ISIMIP fast-track methods, which adjusts multi-year monthly mean values, such that trends are
preserved in absolute and relative terms for temperature and non-negative variables respectively, and derive

transfer functions to adjust the distributions of daily anomalies from monthly mean values (Hempel et al.,
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2013). Known issues of the Fast-Track methods are: 1) humidity was not adjusted since the methods were not
designed for variables with both lower and upper bounds, such as relative humidity, and sincetheir application
to specific humidity yields relative humidity statistics that compare poorly with those observed; 2) bias -
adjusted daily mean shortwave radiation values too frequently exceed 500 W-m over Antarctica and high-
elevation sites; 3) for pressure, wind speed, longwave and shortwave radiation they produce noticeable
discontinuities in daily climatologies at each turn of the month, similar to those found by (Rust et al., 2015); 4)
they occasionally generate spuriously high precipitation events in semi-arid regions, and 5) they do not adjust
the inter-annual variability of monthly mean values, which would be an important improvement for the
purpose of impact projections (Sippel et al., 2016). While 5) and 4) are items of future work, problems 3), 2)
and 1) were solved through modifications of the methods of adjustment for pressure, wind speed and
longwave radiation—{see—below), and by using newly developed, approximately trend-preserving bias
adjustment methods for relative humidity and shortwave radiation_(see below){langeetal-—2017a}. The
known issues and their solutions are described in more detail in an associated Fact Sheet

(https://www.isimip.org/gettingstarted/isimip2b-bias-correction/).

In addition to these adjustments, we bias-adjust to a new reference data set. While in the Ffast Ttrack, WATCH
forcing data (Weedon et al., 2011) were employed for bias adjustment, the ISIMIP2b forcing data are adjusted
to the newly compiled reference dataset EWEMBI (E20BS, WFDEI and ERAI data Merged and Bias -corrected for
ISIMIP; Lange, 2016), which covers the entire globe at 0.5° horizontal and daily temporal resolution from 1979
to 2013. Data sources of EWEMBI are ERA-Interim reanalysis data (ERAI; Dee et al., 2011), WATCH forcing data
methodology applied to ERA-Interim reanalysisdata (WFDEI; Weedon et al., 2014), eartH2Observe forcing data
(E20BS; Dutra, 2015) and NASA/GEWEX Surface Radiation Budget data (SRB; Stackhouse Jr. et al., 2011). The
SRB data were used to bias-adjustE20BS shortwave and longwave radiation using a new method that has been
developed particularly for this purpose (Lange, 2017){Langeetal2017b} in order to reduce known deviations
of E20BS radiation statistics fromthe respective SRB estimates over tropical land (Dutra, 2015). Data sources of

individual EWEMBI variables are given in Table 1.

Table 1 Data sources ofindividual variables of the EWEMBI dataset (Lange, 2016). Note that E20BS data are identical to
WFDEI overlandand ERAl overthe ocean, except for precipitation overthe ocean, which was bias-adjusted using GPCPv2.1
monthly precipitationtotals (Balsamo et al., 2015; Dutra, 2015). WFDEI-GPCC means WFDEI with GPCCv5/v6 monthly
precipitation totals used for bias adjustment (Weedon et al., 2014; note that the WFDEI precipitation productsincluded in
E20BS were those that were bias-adjusted with CRU TS3.101/TS3.21 monthly precipitation totals). E20BS-SRB means
E20BS with SRB daily mean radiation used for bias adjustment (Lange etal., 2017b). E20BS-ERAl means E20BS everywhere
exceptoverGreenlandandlceland (cf. Weedon etal., 2010, p. 9), where monthly mean diurnal temperature ranges were
restored to those of ERAI using the Sheffield etal. (2006) method. Note that precipitation here means total precipitation,
i.e., rainfall plus snowfall.

Variable Short name Source dataset Source dataset
over land over the ocean

Near-Surface Relative Humidity hurs % E20BS E20BS

Near-Surface Specific Humidity huss kg kg'1 E20BS E20BS

14
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Precipitation pr kgm?s™ WFDEI-GPCC E20BS
Snowfall Flux prsn kg m?s? WFDEI-GPCC E20BS
Surface Pressure ps Pa E20BS E20BS

Sea Level Pressure psl Pa E20BS E20BS
Surface Downwelling Longwave rids Wm? E20BS-SRB E20BS-SRB
Radiation

Surface Downwelling Shortwave rsds W m? E20BS-SRB E20BS-SRB
Radiation

Near-Surface Wind Speed sfcWind ms? E20BS E20BS
Near-Surface Air Temperature tas K E20BS E20BS
Daily Maximum Near-Surface Air tasmax K E20BS-ERAI E208BS
Temperature

Daily Minimum Near-Surface Air Temperature [tasmin K E20BS-ERAI E20BS

The bias adjustment was performed on the regular 0.5° EWEMBI grid, to which raw CMIP5 GCM data were
interpolated with a first-order conservative remapping scheme (Jones, 1999). GCM-to-EWEMBI transfer-
function coefficients were calculated based on GCM data from the historical and RCP8.5 CMIP5 experiments

representing the periods 1979-2005 and 2006-2013, respectively.

The variables pr, prsn, rlds, sfcWind, tas, tasmax and tasmin were bias--adjusted as described by Hempel et al.
(2013), except that we defined dry days using a modified threshold value of 0.1 mm/day, since this value was
used to adjust WFDEI dry-day frequencies (Harris et al., 2013; Weedon et al., 2014). Also, in order to prevent
the bias adjustment from creating unrealistically extreme temperatures, we introduced a maximum value of 3
for the adjustment factors of tas —tasmin and tasmax — tas (cf. Hempel etal., 2013, Eq. (25)) and limited tas,
tasmin and tasmax to the range [-90°C, 60°C]. These limits are in line with -89.2°C and 54.0°C, the lowest and
highest near-surface temperatures ever recorded on Earth if the 1913 Death Valley reading of 56.7°C and other
controversial

similarly

(http://wmo1l.asu.edu/#global https:/fwme-asu-edufcontent/global-weather-climate-extremes,

https://www.wunderground.com/blog/weatherhistorian/hottest-reliably-measured-air-temperatures-on-

observations  beyond 54.0°C are taken out of consideration

earth.html). Lastly, in order to avoid discontinuitiesin daily climatologies of bias-adjusted rlds and sfcWind at
the end of each month, a slightly adjusted version of the approach used to interpolate between monthly
transfer function coefficients in the adjustment methods for tas, tasmax and tasmin (Hempel etal., 2013, Egs.
(16—20)) is now also applied to the adjustment factor of multi-year monthly mean rlds and sfcWind (Hempel et

al., 2013, Eq. (4)) in the adjustment methods for these variables.

15
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Bias-adjusted surface pressurewas obtained from CMIP5 output of sea level pressure (psl) in three steps. First,
EWEMBI ps was reduced to EWEMBI psl using EWEMBI tas, WFDEI surface elevation over land except
Antarctica and ERAI surface elevation for Antarctica, and

g *z
R * tas

pslzps*exp[ ],(1)

where z is surface elevation, g is gravity and R is the specific gas constant of dry air. Simulated psl was then
adjusted using EWEMBI psl and the tas adjustment method described by Hempel et al.(2013).Finally, the bias-
adjusted psl was transformed to a bias-adjusted ps using (1) with WFDEI and ERAI surface elevation and bias-

adjusted tas.

As alluded to above, hurs—and-rsds wereas bias--adjusted using a newly developed methods which respects the

lower and upper physical limits thatof theseis variables-are-exposed-to{langeetal;2017a}. The new method

fits beta distributions to the observed and simulated daily rsds data and then transforms the simulated data

based on these fitted distributions via quantile mapping as described by {lLange et al.; (2017)ange {2017},

Reflecting the physical limits of rsds, the lower bounds of the beta distributions were set to zero and their

upper bounds were estimated by rescaled climatologies of downwelling shortwave radiation at the top of the

atmosphere. Details of the distribution fitting are given in {Lange et al.; (2017)Lanrge (2017, method BCsdal).

Approximate trend preservation was achieved as follows. Let Frtgf,_Frfgf"m and Fg}‘l’e”; denote the beta distributions

fitted to rsds observed during the reference period, simulated during the reference period and simulated

during any other period, respectively. Then the target beta distribution used for guantile mapping of simulated

was defined by transferring differences between F'¢™ and Ef°™ to

rsds during that other period, F'

other &

differences between F'%_and Fr)

e other—opecifically, let x, m_and v_denote the upper bound, the relative mean

value(m = u/x, where p_is the mean value)and the relativevariance(v = o2/(u(x — u)),where yando are

mean valueandstandard deviation, respectively) of a beta distribution.Then0 < m < 1and 0 < v < 1 (Wilks,

1995){Witks:1995), and we defined the upper bound of F5 . by

from _—
xto _ { 0, Xref = (2)
other — to ,.from from from ’
xrefxother/xref 4 xref >0
its relative mean value by
to from _—_ from
Moty Mither = Mef
to — to from from from from
Mother = My oM ther /mref ’ M ther < Myes (3)
_ _ aato _ ,from _ ,from from from
1 (1 mref (1 mother )/(1 mref 4 mother > mref

to

otheroiN the same way as the relative mean value, i.e., using Eq. (3) with m replaced

and its relative variance, v

by v.
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Using beta distributions with fixed lower and upper bounds of 0% and 100%, respectively, the new rsds bias

adjustment method was also applied to hurs. A bias--adjusted huss consistent with bias--adjusted hurs, ps and

tas was calculated using the equations of Buck (1981) as described in Weedon et al. (2010). In contrast to the
ISIMIP FfastFtrack, we decided againstadjusting the wind components uas and vas to match the adjusted total
daily mean velocity as the calculation of the total velocity from wind components is non-linear, i.e. the total
velocity calculated from daily means of the wind components is not equal to the daily mean of total wind
velocities. A suitable solution was not found at the time of the study. Therefore, the inconsistency has to be
kept in mind when comparing models using adjusted total wind velocity to others using non-adjusted wind
components. Information about the considered input data will be documented on the ISIMIP website

(https://www.isimip.org/impactmodels/). We provide unadjusted 3-hourly sea level pressure and near-surface

eastward and northward wind data as e.g. relevant for the costal infrastructureand energy sector (see Table 2).

3.2 Tropical cyclones

The input data set comprises projections of tropical cyclones based on the dynamical downscaling technique
described in detail by (Emanuel et al., 2008). To generate a large sample of potential cyclone tracks and wind
speeds the underlying model is provided with unadjusted depth-resolved sea water potential temperature, sea
surfacetemperature, air temperature and specific humidityat all atmospheric model levels, and eastward and

northward wind at 250 and 850 hPa levels.

Broadly, the technique begins by randomly seeding with weak proto-cyclones the large-scale, time-evolving
state given by the GCM climate model data. These seed disturbances are assumed to move with the GCM-
provided large-scale flow in which they are embedded, plus a westward and poleward component owing to
planetary curvatureand rotation. Their intensityis calculated using the Coupled Hurricane Intensity Prediction
System (CHIPS; Emanuel et al., 2004), a simple axisymmetric hurricane model coupled to a reduced upper
ocean model to account for the effects of upper ocean mixing of cold water to the surface. Applied to the
synthetically generated tracks, this model predicts that a large majority of the disturbances dissipate owing to
unfavorable environments. Only the ‘fittest’ storms survive; thus the technique relies on a kind of natural
selection. Extensive comparisons to historical events by Emanuel et al. (2008) and subsequent papers provide
confidence that the statistical properties of the simulated events are in line with those of historical tropical
cyclones. Seeding is adjusted to provide a sample of 300 potential realizations of tropical cyclones globally each
year and for each of the selected GCMs, for the historical period (1950-2005), and RCP2.6 and RCP6.0 based
future projections (2006-2099), yielding a total of 16,800 simulated tropical cyclones for each model in the
historical period, and 28,500 simulated cyclones per model and future scenario. In addition, we derive the
expected global number of tropical cyclones for each year. The response to global warming of both the

frequency and intensity of the synthetic events compares favorably to that of more standard downscaling
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1 methods applied to the Coupled Model Intercomparison Project 3 (CMIP3) generation of climate models

2 (Christensen etal., 2013).

3 ‘ Table 2 3-hourly data GCM data (not bias--adjusted) and tropical cyclone information provided within ISIMIP2

Variable Short name Unit Temporal
resolution

Atmospheric variables (e.g. for coastal infrastructure or energy
sector)
Sea Level Pressure psl Pa 3-hourly
Eastward Near-Surface Wind uas ms? 3-hourly
Northward Near-Surface Wind vas ms? 3-hourly
Tropical cyclones (e.g. for coastal infrastructure sector)
latitude of cyclone center latstore degrees 2-hourly
longitude of cyclone center longstore degrees 2-hourly
minimum central pressure pstore hPa 2-hourly
1-min maximum sustained wind s peed vstore ms? 2-hourly
radius of maximumwinds rmstore km 2-hourly
expected number of cyclonesperyear freqyear annual

4

5 3.3 Oceanic data

6 In order to cover the special data needs of FISH-MIP, we additionally provide unadjusted depth-resolved,

7 depth-integrated, surface and bottom oceanic data at monthly temporal resolution (see Table 3).

8 Table 3 Oceanic data provided without bias-adjustment.

Variable Temporal

resolution

Short name ‘

Ocean variables (for marine ecosystems & fisheries sector)

phytoplankton)

[calculatedas sum of Ipp +spp (IPSL)orsum oflpp +spp+dpp
(GFDL)]

Depth-resolved monthly mean Sea Water Potential Te mperature thetao K monthly
Sea Surface Temperature tos K monthly
Sea Water X Vel ocity uo ms? monthly
Sea WaterY Velocity e} ms? monthly
Sea Water Z Velocity wo ms? monthly
Sea Water Temperature to monthly
Dissolved Oxygen Concentration 02 mol m? monthly
Total Primary Organic Carbon Production (byall types of intpp mol Cm?s™ monthly
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Small Phytoplankton Productivity spp mol Cm?3s™ monthly
Large Phytoplankton Productivity lpp mol Cm?3s™ monthly
Diazotroph Primary Productivity dpp mol Cm?3s™ monthly
Total Phytoplankton Carbon Concentration phy mol Cm? monthly
[sumof Iphy+sphy(IPSL)orlphy+sphy+dphy(GFDL)]

Small Phytoplankton Carbon Concentration sphy mol Cm™ monthly
Large Phytoplankton Carbon Concentration Iphy molCm’* monthly
Diazotroph Carbon Concentration dphy[diaz] mol Cm™ monthly
Total Zooplankton Carbon Concentration [sumoflzoo+szoo] zooc mol Cm? monthly
Small Zooplankton Carbon Concentration Sz00 mol Cm> monthly
Large Zooplankton Carbon Concentration lzoo molCm? monthly
pH ph 1 monthly
Sea WaterSalinity SO psu monthly
Sea Ice Fraction sic % monthly
Large size-class particulate organiccarbon pool goc mmol Cm> monthly
Photosynthetically-active radiation Par Einstein m? monthly

day'1

4 Land-use Patterns

The second component of the request for the 1.5°C special report refers to an assessment of “related global
greenhouse gas emission pathways”. ISIMIP2b will address this issue by assessing the impacts of the socio-
economic changes associated with the considered RCPs insofar as they are reflected in LU and agricultural

management changes (irrigation and fertilizer input).

Future projections of LU, irrigation fractions and fertilizer input are based on the LU model MAgPIE (Popp et al.,
2014a; Stevanovi¢ et al., 2016) where bioenergy demand and greenhouse gas prices were provided by the
MAgPIE-REMIND-MAgPIE assessment, assuming population growth and economic development according to
the SSP2 storyline (Popp et al., 2017). LU patterns derived by MAgPIE are designed to ensure demand-fulfilling
food production where demand is externally prescribed based on an extrapolation of historical relationships
between population and GDP on national levels (Bodirsky et al., 2015). In contrast to the standard SSP
scenarios generated within an Integrated Assessment Model scenario process (Riahi etal.,2017), LU changes
assessed for ISIMIP2b additionally account for climate and atmospheric CO, fertilization effects on the
underlying patterns of potential crop yields, water availability and terrestrial carbon content. To this end the
underlying crop, water, and biomes simulations by the LPJmL model are forced by atmospheric CO,
concentrations and patterns of climate change associated with RCP6.0 or RCP2.6, respectively. Potential crop

production under rain-fed conditions as well as full irrigation were generated by the global gridded crop
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component of LPJmL within the ISIMIP Ffast Ttrack (Rosenzweig et al., 2014) and used by MAgPIE to derive LU
patterns under cost optimization (see time series of the MAgPIE total crop land (irrigated vs. non-irrigated) in
the SlFigure3). Projections of climate change are taken from the four GCMs also used to force the other
impacts projections within ISIMIP2b to ensure maximum consistency. As the MIROCS climate input data were
not part of the ISIMIP Fast Track, the associated crop yield projections by LPJmL were generated from MIROC5
climate analogously to the Fast Track simulations to calculate the associated LU patterns. Under an SSP2
storyline and based on the REMIND-MAgPIE Integrated Assessment Modelling Framework, RCP6.0 represents a
BAU greenhouse gas concentration pathway without explicit mitigation measures for the reduction of
greenhouse gas emissions (Riahi et al., 2016). Given lower emission targets, REMIND-MAgPIE is designed to
derive an optimal mitigation mix under climate-policy settings, maximizing aggregatesocial consumption across
the 21° century. To reach the low emissions RCP2.6 scenario from an RCP6.0 reference pathway, land-based
mitigation measures are of great importance (Popp et al., 2014b, 2017). The REMIND-MAgPIE framework
accounts for reduced emissions from LU change via avoided deforestation, reduction of non-CO, emissions
from agricultural production, and a strong expansion of bioenergy production partly combined with carbon

capture and storage (BECCS, see total land area used for second-generation bioenergy production in Figure 3).

Historical LU patterns to be used for the group 1 simulations were taken from the new LUH2 land-use history
reconstruction (Hurtt et al., 2017)_based on agricultural land area from HYDE3.2 (Klein Goldewijk, 2016), the
Food and Agriculture Organization of the United Nations (Food and Agriculture Organization of the United
Nations, 2016), Monfreda et al., 2008, and other sources. The MAgPIE projections do not transition
continuously from the LUH2 historical dataset_(see Sl). To ensure a smooth transition from historical LU
patterns used for the historical ISIMIP2b group 1 simulations to the future LU patterns used for the ISIMIP2b
group 3 impact projections we applied the harmonization method developed within the context of CMIP6
(LUH2, Hurtt et al., 2017). To the highlight the difference in underlying LU projections and additional
adjustments described below, the LU, irrigations and fertilizer data set provided within ISIMIP2b should be
referred to as LUH2-ISIMIP2b compared to the LUH2 data generated for CMIP6. The RCP specific patterns

should be referred to as “landuse_ISIMIP2b_ssp2_rcp26” and “landuse_ISIMIP2b_ssp2_rcp60”, respectively.

The harmonization method ensures that future projections start from the end of the historical reconstruction

and attempts to preserve absolute changes at various spatial scales,—dependingon—the variable being

harmonizedprojected-by-MAgPIE for key variables includingareas of crop-land, pastures, urban land, and area
used for bioenergy, irrigated areas, and relative changes in fertilizer rates (per crop type and ha)_(see Figure 3

for global areas of 1) rainfed food/feed crops, 2) irrigated food/feed crops, 3) rainfed bioenergy crops, and 4)

irrigated bioenergy crops and Sl for a comparison to the original areas provided by MAgPIE).—FerRSL-CMSA-LR

the-generation-of the-harmonized- LU -patternsisfinalized-The changes in total irrigated and rain-fed crop land

and the total area for bioenergy generation in the harmonized dataset are quite similar to the associated

changes in total areas derived from the original MAgPIE simulations (see Sl) even though the harmonization
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method is not designed to generate convergence from historical patterns to the original patterns provided by

MAgPIE.

The harmonization method provides a large number of LU related information. Only part of the information is
usedprevided within ISIMIP2b and therefore added to the LUH2-ISIMIP2b data set. It comprises LU, irrigation
and fertilization information on two different levels of aggregation. On the first level we provide the fraction of
each grid cell covered by the followingtypes of land useand management: 1) pastures (pastures),2)urban land
(urbanareas), 3) C3 annual crops (c3ann), 4) C3 perennial crops (c3per), 5) C4 annual crops (c4ann), 6) C4
perennial crops (c4per), 7) C3 nitrogen-fixing crops (c3nfx), 8) bioenergy grass (bioenergy_grass) and 9)
bioenergy trees (bioenergy trees). The c3per, cdper, c3ann, cdann, c3nfx, bioenergy grass and
bioenergy_trees classes areadditionallysplitupintoirrigated and rainfed fractions. For each crop type thereis
additional information aboutnitrogen fertilizer input per ha. The original harmonization method only provides
the fractions of each grid cell covered by c3per, c4per, c3ann, c4ann, and c3nfx and additional information
about the fraction of overall crop land used for 2" generation biofuel plantations. However, the latter fraction
is not explicitly attributed to these classes. To allow for an implementation of bioenergy crops in the impact
simulationsimplementation we explicitly separateland areas covered by bioenergy_grass and bioenergy_trees

from the-c4per and c3per classes, respectively.ether Thereby the area of total andirrigated cropland (including

both land for food/feed production and land for bioenergy plantations) provided by the harmonization method

is preserved

provided—by the harmonization—method (see S| for details of the separation). As needed by many impact

models, LUH2-ISIMIP2b also contains a further level of disaggregation of the agricultural land classes c3per,
c4per, c3ann, cd4ann, and c3nfx into major individual feed-crops (maize, groundnut, rapeseed, soybeans,
sunflower, rice, sugarcane, pulses, temperate cereals (incl. wheat), temperate roots, tropical cereals, tropical
roots, others annual, others perennial, and others N-fixing) following Monfreda et al. (2008). For all classes we
alsoseparatebetween rainfed andirrigated areas based on theirrigation fraction of total crop land described

within HYDE3.2 or projected by MAgPIE (see SI).
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Figure 3 Time series oftotal crop land for food /feed production (rainfed (long-dashed lines) rena-irrigated{selid-Hnes}tand
irrigated (soliddashed lines)) as reconstructed forthe historical period (1860 - 2010) based on HYDE3.2 (Klein Goldewijk,
2016) and projected under SSP2 (2030-2099) assumingno explicit mitigation of greenhouse gas emissions (RCP6.0, yellow
line)and strong mitigation including land-based mitigation (RCP2.6, dark blue line) as suggested by MAgPIE and harmonized

accordingto (Hurttetal., 2017). Future projections aIsomcIude ralnfed (dashed Imes) and |rr|gated (dotted lines)land areas
forbioenergytrees and grassestand-=a
forthe demandgenerated fromthe Integrated Assessment Modelllng Framework REMIND- MAgPIE—aHmpLemeatedln the
SSP exercise{detted-Hnres).

5 Patterns of sea-level rise

Sea-level rise is an important factor for climate-change-related impacts on coastal infrastructure and
ecosystems. For ISIMIP2b we utilize knowledge on the individual components of sea-level rise to provide time-
dependent and spatially-resolved patterns of sea-level rise. Thermal expansion, mountain glaciers andicecaps,
andthe largeicesheets on Greenland and Antarctica are the major climate-dependent contributors to sea level
rise.In contrast, land water storage depends predominantly on human activiti es of groundwater extraction and
dam building, with no clear direct relation to climate change on multi-decadal timescales. We construct the
pattern of total sea level rise by the sum of these components, using the pattern of oceanic changes directly
from the four GCMs and utilizing fingerprints (Bamber and Riva, 2010) to scale the global glacier and ice sheet
contributions. Group 2 and Group 3 experiments differ by the additionalland water storage term considered in
the sea level patterns provided for the Group 3 simulations. The associated spatial patterns are also
constructed through fingerprinting. While glacier and ice sheet fingerprints are constant in time, the spatially-
resolved changes in land water storage are incorporated in its fingerprint.

We derive the global futuresea-level contribution from mountain glaciers and the Greenland and the Antarctic
ice sheets with the “constrained extrapolation” approach (Mengel et al., 2016), driven by the global-mean-
temperature evolution of the four ISIMIP GCMs. The approach combines information about long-term sea-level
change with observed short-term responses and allows the projection of the different contributions to climate-
driven sea-level rise from global-mean-temperature change (see Sl Figure S1 —S5). We add the contribution
from glaciers that is not driven by current climate change (Marzeion et al., 2014). The linear trend of the
natural-glacier contribution (Marzeion and Levermann, 2014, Fig. 1c) suggests that the natural contribution
reaches zero around year 2056. We therefore approximate this contribution by a parabola with a maximumin
2056, extended with zero trend beyond that year (see Sl, black line in Fig. S5). Future total global sea level rise
as the combination of thermal expansion andthe glaciers andicesheets contributionis shown in Figure 4 (blue
and yellow line for RCP2.6 and RCP6.0, respectively).

Global water models can provide projections of future terrestrial water storage (TWS). Reductions in terrestrial
water storageinfluence sea level through adding mass to the ocean and through its gravitational and rotational
fingerprint. Within ISIMIP2b we will use TWS projections from the Group 3 simulations by the global water

model PCR-GLOBWB accounting for ground water depletion (Wada etal., 2012). Projections will be combined
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with fingerprinting (Bamber and Riva, 2010) to provide the pattern of sea level rise from TWS changes for each
ISIMIP2b GCM. As Group 3 PCR-GLOBWB experiments are not yet available, TWS changes are not reflected in

Figure 4.

Pastglobal sea-level riseisavailable through a meta-analysis of proxy relative sea-level reconstructions (Kopp
et al., 2016). We match past observed and future projected total sea level rise by providing both time series
relative to the year 2005. We use the observed time series before the year 2005 (Figure 4, black line) and the
projections after that year_(Figure 4-, blue (RCP2.6) and yellow (RCP6.0) line). We here do not provide patterns
of regional sea level risefor the past. Modellers should usethe global mean sea level rise for simulations of the

past (Group 1 historical experiment).
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Figure 4 Time series ofglobal total sea-level rise based onobservations (Kopp etal., 2016, blackline) untilyear 2005 and
global-mean-temperature change from IPSL-CM5A-LR (top panel), GFDL-ESM2M (s econd top panel), MIROCS (third top
panel) and HadGEMZ2-ES (bottom panel)after year2005: solid lines: Median projections, shaded areas: uncertainty range
betweenthe 5" and 95" percentile ofthe uncertainty distribution associated with the ice components. Blue: RCP2.6,
yellow: RCP6.0. All time seriesrelative to year 2005. Non-climate-driven contribution fromglaciers andland water storage
are addedto the projections.
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6 Information about population patterns and economic output (Gross
Domestic Product, GDP)

We provide annual population data on a 0.5° grid covering the whole period from 1860 to 2100. The historic
data are taken from the HYDE3.2 database (Klein Goldewijk, 2011; Klein Goldewijk et al., 2010), which covers
the period 1860 to 2000 in 10-year time steps plus yearly data between 2001 and 2015 with a default

resolution of 5.

For the future period, gridded data based on the national SSP2 population projections as described in Samir
and Lutz, (2014) are available (Jones and O’Neill, 2016) covering the period 2010-2100 in 10-year time steps,
with a 7.5’ resolution. For ISIMIP2b both data sets are remapped to the ISIMIP 0.5° grid and interpolated to
yearly time steps using a simple linear algorithm. From 2005 onwards, historical population data is linearly
interpolated to match with 2010 SSP2 population projections. In addition, we provide age-specific population
data (in 5-year age groups: 0-4, 5-9, etc.) and all-age mortality rates in 5-year time steps on a country level for
2010-2100, corresponding to the same SSP2 projections by Samir and Lutz (2014). Figure 5—shows total global

population over time. Both datasets take into account urbanisation trends.

1e+10

| © Hyde3.2
AAA
A S85P2 ABBATEREANL

population
2e+09 4e+09 6e+09 8e+09
0

T T I T
1900 1950 2000 2050 2100
time

Figure 5 Time series ofglobal populationforthe historical period (dots) and future projections followingthe SSP2 storyline
(triangles).

Furthermore, annual country-level GDP data (in 2005 PPP S) are provided (Geiger, 2017, see Figure 6)+{Geiger
and-Frieler 2017 see-Figure6}. The historical data (1860-2010) are derived by extrapolating national income
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(GDP/capita) and GDP time series (2005 PPP $) between 1960-2009 from Penn World Tables 8.1 (Feenstra et
al., 2015, www.ggdc.net/pwt) with per capita growth rates from the Maddison project (Bolt and van Zanden,

2014, -www.ggdc.net/maddison/maddison-project/home.htm). Missing country data is filled using data first

from Penn World Tables 9.0 (Feenstra et al., 2015) and then World Development Indicators
(http://data.worldbank.org/) upon required transformation from 2011 PPP $ to 2005 PPP $_(Geiger, 2017)

{Geiger2017).

Future projections of national GDP are taken from the SSP database (Dellink et al. 2015,
https://secure.iiasa.ac.at/web-apps/ene/SspDb/).—Fhe-database includes country-level GDP projectionsfrom
2010-2100 in10-veartimesteps that The databaseincludes country-level GDP projections from 2010-2100 in

10-year time steps that are linearly interpolated to provide annual coverage. From 2005 onwards, historical

national GDP data are linearly interpolated to match with OECD SSP2 GDP projections in 2010.

In addition, consistent gridded (0.5°x0.5°) GDP data are also provided for the period 1860-2100. For the
historical period, the above-mentioned national GDP time series in 10 year increments are downscaled to
0.125° grid resolution based on the methodology described in Murakami and Yamagata (2017) and
corresponding gridded population data from the HYDE3.2 database (Klein Goldewijk, 2011; Klein Goldewijk et
al.,2010). Usinglinearinterpolation routines, the data are upscaled to the ISIMIP 0.5° grid and interpolated to
yearly time steps. For the future period, gridded GDP data were generated similarly, using OECD SSP2 national
GDP and SSP2 gridded population projections (Jones and O’Neill, 2016) as input for the downscaling. The GDP
data will be additionally available from “Global dataset of gridded population and GDP scenarios,” which is
provided by the Global Carbon Project, National |Institute for Environmental Studies

(http://www.cger.nies.go.jp/gcp/population-and-gdp.html).
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Figure 6 Time series ofglobal GDP forthe historical period (dots) and future projections following the SSP2 storyline
(triangles).

7 Representation of other external drivers

There are other drivers that are well documented and partly represented in climate-impact models and also
refer to representation of “socio-economic conditions” here. Available indicators apart from climate change,
population changes, changes in national GDP, and LU patterns are primarily: 1) construction of dams and
reservoirs; 2) irrigation-water extraction; 3) patterns of inorganic fertilizer application rates; 4) nitrogen
deposition; 5) information about fishing intensities; 6) forest management; and 7) initial conditions for the
forestry simulations. For all of these input variables, we describe reconstructions to be used for the historical
“histsoc” simulations (see Table 4). For models that do not allow for time-varying socio-economic conditions
across thehistorical period, the conditions should befixed at present-day (year 2005) levels (see dashed linein
Figure 1, Group 1). Beyond 2005 socio-economic conditions should be held constant (Group 2) or varied
accordingto SSP2 ifassociated projections are available (Group 3). Within ISIMIP2b we provide projections of
future domestic and industrial water withdrawal and consumption, fertilizer application rates and nitrogen

deposition (see Table 4)

Table 4 Representations of socio-economic drivers for the historical simulations (histsoc, Group 1) and the future
projections accountingfor changes in s ocio-economic drivers (rcp26soc or rcp60soc, Group 3). Greycolor means thatitis
mandatoryto use the data set(s) provided (ifa pplicable), for reasons of harmonization across models. In othercases, data
setsare providedonlyin support of modelling groups who may need them, but groups are free to use other data or
generate the data based on theirown simulations following the rules described below.

Driver Historical reconstruction Future projections

Reservoirs & dams Includeslocation, upstream area, ca pacity, and No future data sets are provided.
construction/commissioning year, ona global 0.5°grid. | Assumed to be fixedatyear2005
Documentation: levels.
http://www.gwsp.org/products/grand-database.html
(Dolland Lehner, 2002; Lehneretal., 2011)
Note: Simpleinterpolation canresultininconsistencies
betweenthe GranD database and the DDM30 routing
network (wrongupstream area due to misaligned
dam/reservoirlocation). We provide a file with locations
of all larger dams/reservoirs adapted to DDM30 such as
to best match reported upstream areas.
Water withdrawal and | Generated byeach modellinggroupindividually (e.g. Generated byeach modellinggroup
consumption for following the varsoc scenarioinISIMIP2a). individually.
domestic & industrial Formodellinggroups that do not have their own Formodellinggroups thatdo not
purposes representation, we provide files containing the multi- have their ownrepresentation, we
model mean domesticand industrial water withdrawal | provide files containing the multi-
and consumption generated fromthe ISIMIP2a varsoc model mean (fromthe global water
runs of WaterGAP, PCR-GLOBWBand H08. This datais | models WaterGAP, PCR-GLOBWB
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available from 1901.

and HO8) domesticandindustrial
water withdrawal and consumption
underSSP2 from the Water Futures
and Solutions (WFaS) (Wada etal.,
2016) project.

Since this data is only available until
2050, the values shouldbe kept
constant from 2050 onwards.

Also, the data provided for
rcp26socandrcp60socareidentical
and bothtakenfrom simulations
based onRCP6.0. The combination
SSP2-RCP2.6 was not consideredin
WFas; the difference is expected to
be small since the choice of RCP
onlyaffects coolingwater demand
inone of the three models.
Soreratedbyeadhmedeinggrens

Water withdrawal (or
consumption) for
irrigation

Individually derived by each modelling group from the
provided landuse andirrigation patterns (see Section 4)

Individuallyderived by each
modellinggroup from future land-
use andirrigation patterns provided
by MAgPIE (see Section 4). Land-
use projections are provided for

e  SSP2+RCP6.0,
e  SSP2+RCP2.6.

Water withdrawal (or
consumption) for
livestock production

Waterdirectly used forlivestock (e.g. animal husbandryand drinking) is expected to be very
low (Miller Schmied et al., 2016) and maybe setto zeroifnotdirectlyrepresentedinthe

individualmodels.

Fertilizer (kg per ha of
cropland)

Annual crop-spedficinput per ha of crop land for C;and
C, annual, Czand C, perennial and C; Nitrogen fixing.
This datasetis part of the LUH2 dataset basedon
HYDE3.2.

Inorganic N fertilizer use per area of
crop land provided bythe LUH2-
ISIMIP2b dataset, which differs for
SSP2+RCP2.6 and SSP2+RCP6.0.

Nitrogen deposition
(NHX and NOv)

Annual, gridded NHyand NOy deposition during 1850-
2005 derived byaveraging three atmospheric che mistry
models (i.e., GISS-E2-R, CCSM-CAM3.5, and GFDL-AM3)
in the Atmospheric Chemistryand Climate Model
Intercomparison Project (ACCMIP) (0.5°x 0.5°)
(Lamarqueetal., 2013a, 2013b).

The GISS-E2-R provided monthly nitrogen deposition
output; CCSM-CAMS3.5 provided monthly nitrogen
deposition in each decade from 1850s to the 2000s; and
GFDL-AMS3 provided monthly nitrogen depositionin five
periods (1850-1860, 1871-1950, 1961-1980, 1991-2000,
2001-2010).

Annual depositionrateswere calculated by aggregating
the monthlydata, and nitrogen depositionratesinyears

As per historical reconstruction for
2006-2099 followingRCP2.6 and
RCP6.0.
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without model output were calculated according to
splineinterpolation (CCSM-CAM3.5) or linear
interpolation (for GFDL). The original deposition data
was downscaled to spatial resolution of half degree (90°
N to 90°S, 180° W to 180° E) by applyingthe nearest
interpolation.

Fishing intensity

Depending on model construction, one of: Fishing effort
from the Sea Around Us Project (SAUP); catch data from
the Regional Fisheries Management Organizations
(RFMOs) local fisheriesagencies; exponential fishing
technological increase and SAUP economic
reconstructions. Given that the SAUP historical
reconstruction starts in 1950, fishingeffort should be
heldataconstant 1950 value from 1860-1950.

Held constant after 2005 (2005soc)

Forest management

Basedon observed stem numbers and common
management practices (seeForest Chapter of ISIMIP2b
protocol)

Based on species-specific future
management practicesand site

specific regeneration guidelines
(see Forest Chapter of ISIMIP2b
protocol)

Forest site, soil and
stand description

Initialsite, soil, and stand description of forest stands
basedonobservedsite (elevation, aspect, slope), soil
(physical and chemical soil properties)andstand
descriptions (including individual tree data for diameter
atbreast height, tree heightand spedes andstand data
forbasal area, age, biomasses of tree compartments
etc.) following (Reyerandetal., n.d.) (see Forest
Chapter of ISIMIP2b protocol for details)

Unless dynamically simulated initial
values fromsite and soil description
should be held constant

8 Focus regions

Simulation data are welcome for all world regions. Even single model simulations for specific sites will help to

generate a more comprehensive picture of climatechange impacts and potentially allowfor constraining global

models. However, to allow for model intercomparisons simulationsshould primarily be provided for the sector

specific focus regions shown in Figure 7 and defined in Table 5, if feasible with your model.
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Table 5 List of ISIMIP focus regions as shown in Figure 7.

Focus region (shortname)

Numbers refer to 7

Zonal extent
(longitude)

Meridional extent

(latitude)

Regional water simulations

River basin(s) or Region
(shortname).

North America (11) (nam)

114°0'W-77°30'W

28°30’N-50°0’N

Mississippi (mississippi)

Western Europe (1, 2) (weu)

9°30°'W-12°0’E

38°30'N-52°30’N

Tagus und Rhine (rhine)

West Africa (9) (waf)

12°0'W-16°0’E

4°0’N-24°30’N

Niger (niger)

South Asia (6) (sas)

73°0'E-90°30’E

22°0’'N-31°30’'N

Ganges (ganges)

China (4, 5) (chi)

90°30’E-120°30’E

24°0’'N—-42°0’N

Yellow (yellow), Yangtze
(yangtze) (yellow,gtze)

Australia (7) (aus)

138°30'E-152°30’E

38°0°’S -24°30’S

Murray Darling (murrydarling)

Amazon (10) (ama)

80°0'W-50°0'W

20°0’S-5°30’N

Amazon (amazon)

Blue Nile(8) (blu)

32°30’E-40°0’E

8°0’N-16°0’'N

Blue Nile (bluenile)

Lena (3) (len)

103°0’E-141°30’E

52°0’'N-72°0’N

Lena (lena)

Canada (12)(can)

140°0'W-103°0'W

52°0’'N-69°0’N

Mackenzie (mackenzie)

Regional lake simulations

GroRe Dhinn (reservoir) 7°12'E 51°04'N

Lake Constance(Bodensee) 9°24'E 47°37'N

Lake Erken 18°35'E 59°51'N

Regional forestry simulations

BilyKriz 18.32 49.300 -
Collelongo 13.588 41.849

Soro 11.645 55.486

Hyytiala 24.295 61.848

Kroof 11.400 48.250

31




Solling304 9.570 51.770
Solling 305 9.570 51.770
Peitz 14.350 51.917
LeBray -0.769 44.717

Ocean regions

North-West Pacific (1)
(pacific-nw)

134°30°'W-125°30'W

49°30’N-56°30’'N

North Sea (2) (north-sea)

4°30'W-9°30’E

50°30’'N-62°30’'N

Baltic Sea (3)

15°30’E-23°30’E

55°30’'N-64°30’N

North-West Meditteranean
(4) (med-nw)

1°30'W—-6°30’E

36°30’'N—43°30’'N

Adriatic Sea (5) (adriatic-sea)

11°30’E-20°30’E

39°30’'N—-45°30’'N

Meditteranean Sea (6) (med-
glob)

6°30'W-35°30’E

29°30'N—45°30°N

Australia (7) (australia)

120°30'E-170°30’E

47°30'S-23°30’S

Eastern Bass Strait(8)
(eastern-bass-strait)

145°30'E-151°30’E

41°30’S-37°30’S

Cook Strait(9) (cook-strait)

174°30'E-179°30’E

46°30'S-40°30’S

North Humboldt Sea (14)
(humboldt-n)

93°30'W-69°30'W

20°30'S-6°30°N
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4 | |Sector-specificimplementation of scenario design

519

6 Table 6: Scenario descripption

Climate & CO, concentration scenarios

picontrol Pre-industrial climate and 286ppm CO, concentration. The provided input data cove rFhe-chmatedata
forthe entire period (1661-2299) partlybased ona recycling ofdata. The order of years shouldnotbe
changed.areunigue—nolorlittle} recyclingof data-hastakenplace:

historical Historical climate and CO, concentration.

rcp26 Future climate and CO, concentration from RCP2.6

rcp60 Future climate and CO, concentration from RCP6.0

2005c02 CO, concentration fixed at 2005 levels (378.81 ppm). Usedin the biomes and forestry sector.

2299rcp26 Repeatingclimate between 2270and 2299 foradditional 200 years up to 2500 (or equilibriumif

possible), CO,fixedatyear2299levels. Used inthe permafrost sector

Representation of socio-economic conditions

Refers to land use and other (human)influences including nitrogen deposition, fertilizer i nput, irrigation, water
abstraction, dams andreservoirs, forest management, mortality baselines, exposure-response functions (te mperature-
related mortality), populationand GDP data, coastal protection, fishing catch data.

1860soc Pre-industrial land use and socio-economic conditions.
histsoc Varying historical land use and sodo-economic conditions.
2005soc Fixed year-2005 land use and socio-economic conditions.Inthe regional forest sector the scenario

means managing future forests accordingto present-day management guidelines without species
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change andkeepingthe same rotationlengthandthinningtypes.

2015s0c

Fixed year-2005 land use and s ocio-economic conditions. The scenario is only consideredin the energy
sectorwhere 2015 conditions are already dramatically different from 2005 conditions.

Uhdsoc

AlMseshssisted
m-l-g-Fa—t—!-QH—' j O
rcp26soc

Varying land use and socio-economic conditions accordingto SSP2 and RCP2.6.1n the regional forest
sectorfuture forests are assumedto be managed bychangingthe tree species and the forest
management towards maximizing mitigation benefits. Depending on the region/forest stand, this could
mean focusing on s pecies and management measures to maximize 1) the production ofwoodfor
bioenergy (highly productive spedies, short rotations), 2) in-situ carbon stocks, or 3) production of
harvested wood products with a longlifetime.

rcp60soc

Varyingland use and socio-economic conditions accordingto SSP2 and RCP6.0. 1n the regional forest
sectorfuture forest are assumed to require adaptive management such as “assisted migration” where
presentdayforests are managed according to current practices until final harvest and then replaced by
tree speciesthat would be the natural vegetation under the projected climate change according to
Hanewinkeletal., 2012.

2100rcp26soc

Land use and socio-economic conditions fixed at year 2100 | evelsaccordingto the final year of RCP2.6.
In the regional forest sector the scenario means managing future forests accordingto rcp26soc
guidelines.

2100ssp2soc

This scenariois considerede.g. inthe health sector where socioeconomic conditions after 2100 are

fixed at 2100 |evels of SSP2. In this case the socio-economic changes are not assumed to depend on
climate.

ssp2soc_adapt

Varying sodetyaccording to SSP2 —with adaptation (te mperature-related mortality simulations).

nosoc

No humaninfluences (permafrost, regional forest, and-and fisheries simulations).
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WAW-ISHARHB-orglprotecolHisimip2b—Here, we provide an example of the chosen simulation scenarios

consistent with those depicted in_Figure 1 for the global and regional water sector. The grey, red, and blue

background colours of the different entries in the tables indicate Group 1, 2, 3 runs, respectively. Runs marked

invioletrepresent additional sector-specific sensitivity experiments. Analogous tables for the other sectors are

provided in the SI while more technical details such as variable names and output formats are provided in a

protocol document dedicated to impacts modelers intending to participate _in__ISIMIP2b

(www.isimip.org/protocol/#isimip2b). The scenario table for the lake sector is under development and not yet

included in the SI, while the list of output variables is already included in the protocol document.

Each simulation run has a name (Experiment | to VII) that is consistent across sectors, i.e. runs from the
individual experiments could be combined for a consistent cross-sectoral analysis. Since socio-economic
conditions represented in individual sectors may depend on the RCPs (such as land-use changes), while socio-
economic conditions relevant for other sectors may only depend on the SSP, the number of experiments differs

from sector to sector.

Table 7: ISIMIP2b scenario specification example for the global and regional water model simulations. Option

2* only if option 1 not possible.

pre-

industrial historical future extended
Experiment 1661-1860 1861-2005 2006-2100 future
2101-2299
Climate
no climate change, pre-industrial CO, picontrol picontrol picontrol picontrol
& CO,
varying LU & humaninfluencesup to
Option 1: Option 1:
| 2005, then fixed at 2005 levels
1860soc histsoc
thereafter H
uman
2005soc 2005soc
& LU
LU & human influences fixed at 2005 Option 2*: Option 2*:
levels 2005s0c 2005s0c
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Climate

RCP2.6 climate & CO, historical rcp26 rcp26
& CO,
varying LU & humaninfluencesup to
Option 1:
I 2005, then fixed at 2005 levels Experiment|
histsoc
thereafter H
uman
2005soc 2005soc
& LU
LU & human influences fixed at 2005 Option 2*:
levels 2005s0c
Climate
RCP6.0 climate & CO, rcp60
& CO,
1] Experiment!| | Experimentll notsimulated
LU & human influences fixed at 2005 Human
2005soc
levels after 2005 & LU
Climate
no climate change, pre-industrial CO, picontrol picontrol
& CO,
|V Experiment| | Experiment|
varying humaninfluences & LU up to
Human
2100 (RCP2.6), then fixed at 2100 rcp26soc 2100rcp26soc
& LU
levels thereafter
Climate
no climate change, pre-industrial CO, picontrol
& CO,
V Experiment!| | Experimentl notsimulated
varying humaninfluences & LU Human
rcp60soc
(RCP6.0) & LU
Climate
RCP2.6 climate & CO, rcp26 rcp26
& CO,
Vi Experiment!| | Experimentll
varying humaninfluences & LU up to rcp26soc 2100rcp26soc
Human

2100 (RCP2.6), then fixed at 2100
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levels thereafter & LU

Climate
RCP6.0 climate & CO, rcp60
& CO,
Vil Experiment!| | Experimentll notsimulated
varying humaninfluences & LU Human
rcp60soc
(RCP6.0) & LU

For the historical period, groups that have limited computational capacities may choose to report only part of
the full period, but including at least 1961-2005. All other periods should be reported completely. For those
models that do not represent changes in socio-economic conditions, those impacts should be held fixed at
2005 levels throughout all Group 1 (cf. “2005soc” marked as dashed blue lines in_Figure 1-) and Group 2
simulations. Group 3 will be identical to Group 2 for these models and thus does not require additional
simulations. Models that do not include human impacts at all are asked to run the Group 1 and Group 2
simulations nonetheless, since these simulations will still allow for an exploration of the effects of climate
change compare to pre-industrial climate, and will also allow for a better assessmentof the relativei mportance

of human impacts versus climate impacts. These runs should be named as “nosoc” simulations.

8:19.1 Model spin-up

Since the pre-industrial simulations are an important part of the experiments, the spin-up has to be finished
before the pre-industrial simulations start. The spin-up should be for the pre-industrial climate (picontrol) and
year 1860 socio-economic conditions. For this reason, the pre-industrial climate data should be replicated by
each modelling group as often as required. The precise implementation of the spin up will be model specific,

the description of which will be part of the reporting process.

910 Intended time line of simulations

The time line of ISIMIP2b has been chosen to meet the critical deadlines of the drafting process of the IPCC
Special Report, with the submission deadline for papers to be considered in the Special Report being—ia
November 10eteber, 2017 and the associated acceptance deadline being in_May 15,-Apri 2018. ISIMIP2b
simulations are therefore envisaged to be completed well before October 2017. Except for the oceanic all

input data for the group 1 and 2 simulations is available. The processing of the LU patterns will soon be
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finalized to allow for starting the group 3 simulations. The ISIMIP2b repository will stay open for impacts
simulations submitted beyond October 2017, since the described simulations provide a basis for further

research beyond the direct demands of the Special Report, including for the IP CC Sixth Assessment Report.

1011 Discussion

Our protocol addresses a timely and important research gap that we have identified for developing a
framework for assessing the impacts of 1.5°C and 2°C global warming on a multitude of different impact
sectors. Whilsta number of studies have investigated the impacts of 1.5°C and 2°C on individual impact sectors
(Arnell et al.,2014; Goslingetal., 2016; Roudier et al., 2015), our approach provides a novel extension to these
by: 1) incorporating multiple GCMs, impact models and sectors; 2) inclusion of a pre-industrial reference and
full coverage of the historical period, 3) providing a consistent and documented framework for the assessment
of impacts at the global scale; and 4) seeking to achieve multi-model integration between sectors in order to

better represent the links and feedbacks that occur in the observed Earth system.

The last novelty above, in particular, is a significant step-change in how climate-change-impact modellingis
conducted, since up until now the assessment of global-scale climate-sensitive impacts for different sectors
have typically been conducted in isolation of one another, e.g. the water-sector models do not use LU changes
from the biomes-sector models, and in turn the crop-sector models do not use runoff from the water-sector
models etc. Runningimpact models inisolation of one another can ignore complex interdependencies which in
turn can be detrimental to the representation of spatial patterns inclimatechangeimpacts,as well as their sign
and magnitude of change (Harrison et al., 2016). Enhancing cross-sectoral integration has been one of the
driving forces behind the development of the ISIMIP2b protocol, so we anticipate that the simulations which

arise from it will yield some of the most cutting-edge projections of climate change impacts to date.

As well as facilitating an understanding of the impacts of 1.5°C and 2°C warming, the ISIMIP2b scenario design
also enables an assessment of the impacts of the 1°C of global warming that has occurred between pre-
industrial times and the present-day. There are surprisingly few studies that have investigated this, in part due
to the significantresources needed to conduct the lengthy climateandimpactsimulationsthat are required. To
understand what effect anthropogenic climate change has had since pre-industrial times requires an
understanding of the climate-change conditions that would prevail in the present-day in the absence of
anthropogenic greenhouse gas emissions as well as an estimate of how climate-sensitive impacts have

responded to human-induced LU change and land-management since pre-industrial times.

To disentangle the magnitude of climate-sensitive impacts from changes in these impacts that have occurred
due to other human activities, the scenario design compares a simulations, where human influences on
climate-sensitiveimpacts occur under a pre-industrial climate, driven by stable greenhouse gas concentrations,

with another simulation for the same time period, where the climate responds to increases in greenhouse gas
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emissions, and where there are direct (human) influences on climate-sensitive indicators. It seems intuitive
that the difference between these two simulations will yield the pure effect of climate change, whilst
controlling for the other drivers. However, we acknowledge that in practical terms, the effects of human
activity on the climate, and climate-sensitive impacts respectively, are intrinsically linked and cannot be
separated precisely. For example, whilstwe areable to use historical estimates of water abstractions and dam
construction as one of the human influences in both of the above simulations, a proportion of the abstractions
and construction of dams will have occurred at the time in response to climate variability and based on
decisions related to planning for future climate change. Such a caveat has to be accepted within the context of

a numerical modelling framework such as ours.

However, the explicit representation of socio-economic drivers on impactindicators means an important step
forward compared to the ISIMIP FfastTtrack simulations. In particular, theassessment of potential trade-offs of
specific mitigation measures such expansion of bioenergy production will become critical when implementing

the Paris agreement of limiting global warming to “well below 2°C”.

1112 Code and data availability

All inputdata describedinSection 3 to Section 7 will bemade publiclyavailable. Availability is documented on
www.isimip.org where the way of accessing the data will also be described. Model output- is already partly

available via https://esg.pik-potsdam.de. Access to the hurricane projections can be gained by request via

info@windrisktech.com.
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Figure S1 Time series of sea level rise due to thermal expansion as projected by GFDL-ESM2M (panel 1),

HadGEM2-ES (panel 2), IPSL-CM5A-LR (panel 3) and MIROCS (panel 4) for the historical simulations and RCP2.6
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Figure S2 Time series of Greenland’s combined contribution from solid ice discharge and surface mass balance

changes to sea level rise based on global mean temperature change from GFDL-ESM2M (panel 1), HadGEM2-ES

(panel 2), IPSL-CM5A-LR (panel 3) and MIROC5 (panel 4). Solid lines: Median projections, shaded areas:



uncertainty range between the 5" and 95™ percentile of the distribution. Blue: RCP2.6, yellow: RCP6.0. All

timeseries relative to year 2005.
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Figure S3 Time series of Antarctica’s combined contribution from solid ice discharge and surface mass balance
changes to sea level rise based on global mean temperature change from GFDL-ESM2M (panel 1), HadGEM2-ES
(panel 2), IPSL-CM5A-LR (panel 3) and MIROC5 (panel 4). Solid lines: Median projections, shaded areas:
uncertainty range between the 5" and 95" percentile of the distribution. Blue: RCP2.6, yellow: RCP6.0. All

timeseries relative to year 2005.
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Figure S4 Time series of the contribution of mountain glaciers tosea level rise based on global mean temperature
change from GFDL-ESM2M (panel 1), HadGEM2-ES (panel 2), IPSL-CM5A-LR (panel 3) and MIROCS5 (panel 4). Solid
lines:Median projections, shaded areas: uncertainty range between the 5" and 95" percentile of the distribution.
Blue: RCP2.6, yellow: RCP6.0. We here show the combined non-anthropogenic and anthropogenic glacier

response. All timeseries relative to year 2005.
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Figure S5 The sea level contribution from glaciers is partly due to an ongoing adjustment to climatic changes

before the time of human intervention. We here parametrize this adjustment to past natural climate variation by

fitting a _quadratic curve (black line) to the modeled non-anthropogenic of {Marzeion et al.,, 2014). In our

parametrization the non-anthropogenic sea level rise from glaciers ceases in year 2056 and is assumed zero
thereafter.Parametrized naturalcontributionfromglobal glaciers:-BluelineasinMarzeion-etal2014; black line:
lratic fit)




2 Comparisonof MAgPIE crop land areas to the
associated areas after harmonization
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Figure S6: Comparison of areas of crop land from the original MAgPIE simulations and the harmonized version

as derived for the four different climate projections. Left-hand column: Historical reconstruction (black lines) +

crop land areas associated with RCP2.6 (blue lines); right-hand column: Historical reconstruction (black lines) +

croplandareas associated with RCP6.0 (orange lines). Line types separate land cover classes: rainfed or irrigated

food/feed crops and rainfed or irrigated bioenergy crops (see legend). Light hues indicate original MAgPIE

simulations, dark hues indicate the total crop land extent after harmonization.
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3 Separation of bioenergy areas (firstlevel of
disaggregation)

The-eriginal harmonization method provides land usedata at 0.25° resolution where itdoes not designate

bioenergy areas within the five crop classes (c3per,c4per,c3ann,c4ann,and c3nfx). Before separation bioenergy

areas cell fraction below0.001 areset to 0 and all data areaggregated to 0.5°, the common grid of input(and

output) data considered within ISIMIP2b.

Inthe original MAgPIE setting bioenergy grass and bioenergy trees are distinguished and considered as partof

cdper and c3per, respectively. In addition, inthe MAgPIE simulationsandtheassociated areas of bioenergy

production are considered purely rainfed. To separatebioenergy areas fromthe harmonized c4per and c3per

areas we apply the following procedure:Foreflect these features we used-the followingprocedure to-separate

Separation of bioenergy grass land from c4per

The disaggregation of c4per into food/feed crops (c4per food/feed) and biofuel (c4per_bf) builds on the fractions

of biofuel to total c4per crop land provided by MAgPIE. To this end the MAgPIE information about the fractions is

linearly interpolated to provide data for each year while originally it comes at 10-year time steps. However, the

harmonization allocates c4per to grid cells that do not contain any c4per in the original MAgPIE simulations. Fe

Nrevertheless, to _determine an associated bioenergy fraction, the available information about bioenergy

fractions from MAgPIE (c4per_bf / c4per) has been further extrapolated. This is done by an averaging across the

nearest neighbors, where the size of the averaging window is increased until atleast 3 non-NA values are found.

Finally, total c4per_bfand c4per food/feed are splitupinto rainfedandirrigated areas accordingtothe irrigation

fractions of total c4per derived from the harmonization. Resulting crop types are c4per_irrigated food/feed,

c4per_rainfed_food/feed, c4per_irrigated_bf, c4per_rainfed_bf, which add up to c4per provided by the
harmonization. The separation applied here generates irrigated bioenergy grass land that does not exist in the
original MAgPIE patterns. However, this approach is chosen to preserve the total area of irrigated agricultural

land.

Separation of areas bioenergy grass land from c3per
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Harmonized c3per aresplitintorainfedandirrigated fractions accordingto the c3per irrigation fractions provided
by the harmonization method. In the original MAgPIE simulations c3per areas are substantially smaller than the
c3per area derived from the harmonization due to different associations of the sub-crop type "others”. Therefore
it is not reasonable to extrapolate sparse MAgPIE c3per information on bioenergy fractions to all grid cells
containing c3per after the harmonization. As the original MAgPIE projections do not show any c3per bioenergy

crops before 2050, we also assume there is no c3per bioenergy until 2050 in the harmonized data. Thereafter we

allocate any expansion of c3per areas in the harmonized data after 2050 to be due to bioenergy trees. The

irrigation fraction of c3per food/feed and c3per bf is equal to theirrigation fraction of total c3per provided by

the harmonization.

4 Derivation of crop-specificland-use and irrigation
patterns (second level of disaggregation)

The historical reconstruction and the harmonized MAgPIE future projections only provides information on land
use at a highly-aggregated level while many of the hydrological or biomes models that account for land use
changes offer a meore-specific representation of different crops and therefore also require a more detailed
representation of land use patterns as input for their simulations. While LUH2 offers a disaggregation of the
historical HYDE3.2 patterns into 5 crop classes (C3 annual, C3 nitrogen-fixing, C3 perennial, C4 annual, C4 perennial)
many models even need further disaggregation. To allow for an efficient use of the land use information for the
historicaland future period we provide a further disaggregation of the historical and future agricultural land use

categories into the following individual crops
1) maize, 2) groundnut, 3) rapeseed, 4) soybeans, 5) sunflower, 6) rice, 7) sugarcane

and crop classes
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1) pulses, 2) temperate cereals (incl. wheat), 3) temperate roots, 4) tropical cereals, 5) tropical roots, 6) others

annual, 7) others perennial, and 8) others N-fixing.

For all classes wealso separate between rainfedandirrigated areas based onthe irrigation fractions provided by
the LUH2-ISIMIP2b dataset. The disaggregation fromthe LUH2 categories to the finer classes isbased on the
harvested areas of 175 crops provided by Monfreda et al.(2008) for the year 2000.The share

Cij

Xij= Ci

of a specificclass C; ; (e.g. “maize”) in the broader class C; (e.g. “C4 annual”) is assumed to stay constant. For grid
cells that contain crop land in the LUH2-ISIMIP2b data while they are not covered by crop land in Monfreda data

set we apply a fraction X, thatis representative of the country average crop mix the grid cell belongs to.

5 Regional climate change projections of ISIMIP2b
GCMs compared to CMIP5 GCMs

Regional mean temperature and precipitation changes versus global mean temperature change as projected by a
range of CMIP5 GCMs including those selected for ISIMIP2b are shown in Figures S6 and S7. To allow for a direct
comparisonitis based on the raw data of the ISIMIP2b GCMs before the bias-adjustment. In order to assess how
well the ISIMIP2b set covers these ranges of regional climate change projections, an analysis of the Fractional
Range Coverage (FRC) as proposed by (McSweeney and Jones, 2016) is presented in Figure S8. Here, the FRC is
calculated for the slopes of the linear fit lines depicted in Figures S6 and S7. We generated 500 random four-
member subsets of the GCMs includedin Figures S6 and S7. For each of these subsets and for the ISIMIP2b subset
we then calculated all regional temperature and precipitation change FRCs. Then we determined the subset that
yields the greatest/least mean value of these FRCs. Following the McSweeney and Jones (2016) terminology, this
subset is called the Best/Worst Global Set. For the sake of completeness, we also determined the Best/Worst

Regional Sets, which are a collection of the subsets that yield the greatest/least intra-regional mean FRCs.
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Figure S7 Regional versus global annual mean temperature change under RCP8.5 as simulated by the four

ISIMIP2b GCMs (colored) and other CMIP5 GCMs (grey, see legend) for the 2006-2099 time period and all

ISIMIP2b focus regions (see Figure 6 and Table 8). Temperature change is defined relative to the respective 2006 -

2028 mean value. Straight lines represent least-square zero-intercept linear fits to the annual data depicted as

crosses.
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Figure S8 Regional annual mean precipitation change versus global annual mean temperature change under
RCP8.5 as simulated by the four ISIMIP2b GCMs (colored) and other CMIP5 GCMs (grey, see legend) for the 2006-
2099 time period and all ISIMIP2b focus regions (see Figure 6 and Table 8). All precipitation and temperature
changes are defined relative to the corresponding 2006-2028 mean value. Straight lines represent least-square

zero-intercept linear fits to the annual data depicted as crosses.
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Figure S9 Distribution of the Fractional Range Coverage (FRC) of the regional temperature and precipitation
change signalsdepicted as straight lines in Figures S6 and S7 for various (collections of) four-member subsets of
the CMIP5 GCMs listed in Figures S6 and S7. Please see the text for a definition of the different subsets. For each
subset or collection of subsets, left and right box-whisker plots represent distributions of regional temperature
and precipitation change FRCs, respectively. The upper and lower whiskers are the maximum and minimum FRC,
respectively. The thin horizontal lines represent the three quartiles. The thick line in the background represents

the mean FRC of all regional temperature and precipitation change signals.

6 Sector-specificimplementation of scenario design

61 Regional8pglobal \Water

626.1 Biomes

Table S12: ISIMIP2b scenarios for the global biomes simulations.

Pre-industrial | Historical Future
Extended

i Input
Experiment P! future

1661-1860 1861-2005 2006-2100
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2101-2299

Climate
no climate change, pre-industrial CO, picontrol picontrol picontrol picontrol
& CO,
|
varying LU & humaninfluencesup to
Human
2005, then fixed at 2005 levels 1860soc histsoc 2005s0c 2005so0c
& LU
thereafter
Climate
RCP2.6 climate & CO, historical rcp26 rcp26
& CO,
" Experiment|
varying LU & humaninfluencesup to
Human
2005, then fixed at 2005 levels histsoc 2005soc 2005soc
& LU
thereafter
RCP2.6 climate, CO, after 2005fixed | Climate rcp26, rcp26,
at 2005 levels & CO, 2005c02 2005c02
||a Experiment| Experiment|l
varrelU & humaninfluencesupte
Human
2005-then fixedat 2005 levels a fter 2005s0c 2005so0c
& LU
2005s-thereafter
Climate
RCP6.0 climate & CO, rcp60
& CO,
i Experiment| Experimentll notsimulated
. . Human
varagLU & humaninfluencesup-te 2005s0c
& LU

2005+then fixedat 2005 levels a fter
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Climate
no climate change, pre-industrial CO, picontrol picontrol
& CO,
v Experiment| Experiment|
varying humaninfluences & LU up to
Human
2100 (RCP2.6), then fixed at 2100 rcp26soc 2100rcp26soc
& LU
levels thereafter
Climate
no climate change, pre-industrial CO, picontrol
& CO,
Vv Experiment| Experiment| notsimulated
varying humaninfluences & LU Human
rcp60soc
(RCP6.0) & LU
Climate
RCP2.6 climate & CO, rcp26 rcp26
& CO,
Vi Experiment| Experiment|l
varying humaninfluences & LU up to
Human
2100 (RCP2.6), then fixed at 2100 rcp26soc 2100rcp26soc
& LU
levels thereafter
Climate
RCP6.0 climate & CO, rcp60
& CO,
Vil Experiment! | Experimentll notsimulated
varying humaninfluences & LU Human
rcp60soc
(RCP6.0) & LU
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6.2 Regional Forest

Table S23: ISIMIP2b scenarios for the regional forestry simulations.

Pre-industrial | Historical Future Extended
X future
Experiment Input
1661-1860 1861-2005 2006-2100 2101-2299

no climate change, pre-

Climate & CO, picontrol picontrol picontrol
industrial CO,

I varying LU & human notsimulated

influences upto 2005, fixed

Human&LU histsoc 2005soc 2005s0c
present-day management
{BAU) afterwards
RCP2.6 climate & CO, Climate & CO, historical rcp26 rcp26

1| varying LU & human notsimulated

influences up to 2005, fixed

Human&LU histsoc 2005s0c 2005soc
present-day management
{BAWY) afterwards
RCP2.6 climate, CO, fixed rcp26, rcp26,

Climate & CO,
after2005 2005co02 2005c02

lla notsimulated | Experimentll

fixed present-day
management{BAU} after Human & LU 2005soc 2005soc
2005
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RCP6.0 climate & CO, Climate & CO, rcp60
1 fixed present-day notsimulated | Experimentll notsimulated
management{BAY} after Human & LU 2005soc
2005
no climate change, pre-
Climate & CO, picontrol picontrol
industrial CO,
IVa notsimulated | Experiment|
varying management {(forest
o ; e LU rcp26socAMs | 2100rcp26so
management for uman
ec cAMsee
mitigation)rep26soc}
no climate change, pre-
Climate & CO, picontrol
industrial CO, -
y notsimulated | Experiment|
varying management (forest
Human&LU rcp60soc
management foradaptation)
RCP2.6 climate & CO, Climate & CO, rcp26 rcp26
Via varying management (forest notsimulated | Experimentl|
2100rcp26A
managementfor Human&LU rcp26AMsoc
Msoc
mitigationrep26se€)
V" RCP6.0 cIimate&COZ CIimate&COz notsimulated | Experimentll | rcp60
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varying management (forest

management foradaptation)

Human&LU

rcp60soc

The regional forestsimulations asdescribed aboveare carried outonce usingthe ISIMIP2b climate of the grid cell

in_which the forest sites are located and once using locally bias-adjusted data based on locally observed

meteorological data.

6.3 Permafrost

Table S3: ISIMIP2b scenario specification for the permafrost simulations.

. . . y
Pre-industrial Historical Future Extended Beyond 2299
. S — - future
Experiment Input
1661-1860 1861-2005 2006-2100 2101-2299
no climate
Climate &
change, pre- picontrol
€O,
industrial CO, N
not not
| notsimulated notsimulated
- simulated simulated
no other
Human&
human nosoc
LU
influences
RCP2.6 climate | Climate & 2299rcp26
historical rcp26 rcp26
& CO, co,
ﬂ Experiment|
no other nosoc nosoc nosoc nosoc
Human& I - - -
human
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influences LU
RCP6.0
climate, CO,
varying until
Climate & rcp26, rcp26, 2299rcp26,
2005, then
Co, 2005c02 2005c02 2005c02
fixed at 2005 -
"_a levels Experiment| Experimentl|
thereafter
no other
Human&
human nosoc nosoc nosoc
LU
influences
RCP2.6 climate | Climate &
rcp60
& CO, Co,
not
"l Experiment| Experimentll notsimulated
- simulated
no other _
Human&
human nosoc
LU
influences
6.4 Agriculture

Table S4: ISIMIP2b scenarios for global crop simulations. *Option 2 only if option 1 not possible.

Experiment

Input

Pre-
industrial

1661-1860

Historical

Future

1861-2005

2006-2100

Extended
future

2101-2299
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no climate change, pre-industrial Climate &
picontrol picontrol picontrol picontrol
@g @Z
I varying management until 2005, Option 1*: Option 1*:
- then fixed at 2005 | evels thereafter 1860soc histsoc
Human&
2005s0c 2005s0c
LU
Option 2*: Option 2*:
management fixed at 2005 levels
2005s0c 2005s0c
Climate &
RCP2.6 climate & CO, historical rcp26 rcp26
B €o,
varying management until 2005, Option 1*:
u Experiment|
then fixed at 2005 levels thereafter histsoc
Human&
2005s0c 2005s0c
LU
Option 2*:
management fixed at 2005 levels
2005s0c
RCP2.6 climate, CO, after 2005 rcp26, rcp26,
- Climate
fixed at 2005 levels 2005c02 2005c02
"_a Experiment| Experimentll
Human&
management fixed at 2005 levels 2005so0c 2005soc
LU
Climate &
Il | RCP6.0 climate & CO, Experiment | Experimentll | rcp60 notsimulated
_ B €o,
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varying management until 2005,

Human&

2005s0c
then fixed at 2005 levels thereafter | LU
no climate change, pre-industrial Climate &
picontrol picontrol
Co, €o,
m Experiment| Experiment|
varying managementupto 2100
Human&
(RCP2.6),then fixed at 2100 |evels rcp26soc 2100rcp26soc
LU
thereafter
no climate change, pre-industrial Climate &
picontrol
€o, €o,
y Experiment| Experimentll notsimulated
Human&
varying management (RCP6.0) rcp60soc
LU
Climate &
RCP2.6 climate & CO, rcp26 rcp26
2 co,
ﬂ Experiment| Experimentll
varying managementupto 2100
Human&
(RCP2.6),then fixed at 2100 | evels rcp26soc 2100rcp26soc
LU
thereafter
Climate &
RCP6.0 climate & CO, rcp60
2 co,
V" Experiment| Experimentll
varying management (RCP6.0 rcp26soc
VInE & ( ) Human& feposoc
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6.5 Energy

Table S5: ISIMIP2b scenarios for the simulations within the energy sector. *Option 2 onlyifoption 1 not possible.

Pre- . . Extended
T Historical Future ..
. industrial future
Experiment Input
1861-2005 2006-2100
1661-1860 2101-2299
no climate change, pre-industrial | Climate &
picontrol picontrol picontrol picontrol
co, co,
: : . Option 1:
I varying societyup to 2005, then Option 1:
- fixed at 2005 levels thereafter 1860soc X
- histsoc
Human&
2005s0c 2005so0c
LU
fixed 2005 socio-economic Option 2*: Option 2*:
conditions 2005so0c 2005s0c
no climate change, pre-industrial | Climate &
picontrol picontrol picontrol picontrol
@g @2
m varying societyup to 2015, then Option 1: Option 1:
fixed at 2015 |evels thereafter Human& 1860soc histsoc
2015s0c 2015s0c
LU
fixed 2015 socio-economic Option 2*: Option 2*:
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conditions 2015s0c 2015s0c
Climate&
RCP2.6 climate & CO, historical rcp26 rcp26
2 co,
varying societyup to 2005, then Option 1:
1] Experiment|
- fixed at 2005 levels thereafter histsoc
LU etc. 2005s0c 2005s0c
fixed 2005 socio-economic Option 2*:
conditions 2005s0c
Climate &
RCP2.6 climate & CO, historical rcp26 rcp26
- €O,
"b varying societyup to 2015, then Experiment Option 1:
fixed at 2015 levels thereafter la histsoc
Human&
2015so0c 2015s0c
LU
fixed 2015 socio-economic Option 2*:
conditions 2015s0c
Climate &
RCP6.0 climate & CO, rcp60
2 co,
u Experiment| Experimentll notsimulated
varying societyup to 2005, then
LU etc. 2005s0c
fixed at 2005 levels thereafter
RCP6.0 climate & CO Rcp60 notsimulated
”Ib cimate 2 Climate & Experiment Experiment
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varying societyup to 2015, then Human&
2015so0c
fixed at 2015 |evels thereafter LU
no climate change, pre-industrial | Climate&
picontrol picontrol
@g @2
u Experiment| | Experiment|
varying societyup to 2100
(SSP2+RCP2.6),then fixed at LU etc rcp26soc 2100rcp26soc
2100 levels thereafter
no climate change, pre-industrial
Climate picontrol
€0,
y Experiment| | Experimentll notsimulated
varying societyup to 2100
(SSP2+RCP6.0), then fixed at LU etc. rcp60soc
2100 levels thereafter
RCP6.0 climate & CO, Climate rcp26 rcp26
m varying society up to 2100 Experiment| | Experimentll
(SSP2+RCP2.6), then fixed at LU etc. rcp26soc 2100rcp26soc
2100 levels thereafter
RCP6.0 cIimate&COz Climate Experiment| Experimentll | rcp60
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varying societyup (SSP2+RCP6.0)

LU etc.

rcp26soc

6-46.6 Temperature-Related Mortality
Table S6: ISIMIP2b scenarios for temperature-related mortality simulations. Option 2* only if option 1 not
possible.
Pre-industrial Historical Future w
Experiment Input -
1661-1860 1861-2005 2006-2100 2101-2299
no climate change Climate picontrol picontrol picontrol picontrol
varying societyup to
2005, then fixed at 2005 Option 1: Option 1:
| | levelsthereafter,no 1860so0c histsoc
adaptation Human 2005s0c 2005s0c
societyfixed at 2005 Option 2*: Option 2*:
levels, noadaptation 2005s0c 2005s0c
RCP2.6 climate Climate historical rcp26 rcp26
” varyingsocietyup to Experiment |
2005, then fixed at 2005 Option 1*:
Human 2005s0c 2005s0c
levels thereafter, no histsoc
adaptation
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societyfixed at 2005

levels, noadaptation

Option 2*:
2005s0c

RCP6.0 climate Climate rcp60
u Experiment | Experiment || notsimulated
societyfixed at 2005
Human 2005s0c
levels, noadaptation
no climate change Climate picontrol picontrol
varying society (SSP2)
u up to 2100, then fixed Experiment| Experiment |
at2100 levels Human ssp2soc 2100ssp2soc
thereafter,no
adaptation
y Notsimulated
RCP2.6 climate Climate rcp26 rcp26
varying society (SSP2)
m up to 2100, then fixed Experiment| Experiment |
at2100 levels Human ssp2soc 2100ssp2soc

thereafter,no

adaptation
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RCP2.6 climate Climate rcp26
Vla Experiment| Experimentll notsimulated
varying society (SSP2)
Human ssp2soc_adapt
with adaptation
RCP6.0 climate Climate rcp60
V” Experiment| Experimentll notsimulated
varying society (SSP2),
Human ssp2soc
no adaptation
RCP6.0 climate Climate rcp60
Vl |a Experiment| Experimentll notsimulated
varying society (SSP2),
Human ssp2soc_adapt
with adaptation
6-56.7 Coastal infrastructure

Table S7: ISIMIP2b scenario specification for the simulations of impacts on coastalinfrastructure.

varying society &

Pre-industrial Historical Future Extended future
Experiment Input
1661-1860 1861-2005 2006-2100 2101-2299
no climate change, Climate &
picontrol picontrol picontrol picontrol
pre-industrial CO, co,
Human&LU | Option1: Option 1: 2005s0c 2005so0c
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protectionup to 1860soc histsoc
2005, then fixedat
2005 levels
thereafter
society & protection Option 2*: Option 2*:
fixed at 2005 levels 2005so0c 2005soc
RCP2.6 climate & Climate &
historical rcp26 rcp26
€O, €O,
varying society &
protectionup to
Option 1*:
I_I 2005, then fixedat Experiment|
histsoc
2005 levels
thereafter Human&LU 2005s0c 2005s0c
society & protection Option 2*:
fixed at 2005 levels 2005s0c
RCP6.0 climate & Climate &
rcp60
€O, €O,
u Experiment| Experiment || notsimulated
society & protection
fixed at 2005 levels Human&LU 2005s0c
after2005
no climate change Climate &
u Experiment| Experiment| picontrol picontrol
pre-industrial CO, Co,
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varying society &

protectionup to

rotection (SSP2

2100 (SSP2),then Human&LU ssp2soc 2100ssp2soc
fixed at 2100 levels
thereafter
RCP2.6 climate & Climate &
rcp26 rcp26
Qg QZ
m vanving society & Experiment| Experiment |l
protectionup to
2100 (SSP2),then Human& LU ssp2soc 2100ssp2soc
fixed at 2100 levels
thereafter
RCP6.0 climate & Climate &
rcp60
co, co,
V” Experiment| Experimentll notsimulated
varying society &
Human&LU ssp2soc

6.8 Marine Ecosystems and Fisheries

Table S8: ISIMIP2b scenarios for simulations of the impacts on marine ecosystems and fisheries.

Experiment

Input

Pre-industrial

Historical

1661-1860

1861-2005

Future

2006-2100

Extended
future

2101-2299
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no climate change, pre-
Climate & CO, | picontrol picontrol picontrol picontrol
industrial CO, -
varying fishingup to
2005, then fixedat Human&LU nosoc histsoc 2005so0c 2005s0c
2005 levels thereafter
RCP2.6 climate & CO, Climate & CO, historical rcp26 rcp26
u varying fishingup to Experiment|
2005, then fixedat Human& LU histsoc 2005s0c 2005s0c
2005 levels thereafter
RCP6.0 climate & Co, Climate & Co, rcp60
U varving fishing up to Experiment | Experiment || notsimulated
2005, then fixedat Human&LU 2005s0c
2005 levels thereafter

6.9 Terrestrial Biodiversity

Table S9: ISIMIP2b scenarios for simulations of the impacts on terrestrial biodiversity

Pre-industrial Historical Future Extended future
Experiment Input
1660-1860 1861-2005" 2006-2099° 2101-2299°
pre-industrial Climate & picontrol picontrol picontrol picontrol
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climate Co,
Human &
no otherhuman —LU Nnosoc nosoc nosoc nosoc
influences T
. Climate & . .
RCP2.6 climate —CO historical rcp26 rcp26
(00))
” Experiment |
- no other human Human &
U nosoc nosoc nosoc
influences -
RCP6.0 climate Climate & =
rcpl
€O,
" Experiment | Experiment Il notsimulated
Human &
no other human dh & A
LU -
influences
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