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Fig. S4. Threshold crossing temperatures with respect to the reference period GMT for the four sectoral metrics: discharge (A), crop yields (B), risk of severe
ecosystem change (C), and length of transmission season of malaria (D). Areas in white do not cross the respective threshold. The gray color indicates regions
which are either masked out [discharge, T, crop yields (only regions where maize, what, soy, and rice are currently cultivated are considered)], or where malaria
is already endemic (D). An agreement of 50% of all GIM-GCM combinations on threshold crossing is required for consideration in the analysis.
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Fig. S5. Multisectoral hotspots of impacts for two (orange) and three (red) overlapping sectors, calculated separately for the three GCMs HadGEM2-ES (A),
IPSL-CM5A-LR (B), and MIROC-ESM-CHEM (C), in the strict assessment, with 50% of respective GIM-GCM combinations agreeing on the threshold crossing in
each sector. The emerging hotspot patterns are very different, especially in South America and the eastern United States, yet there is some consistency in the
results for Europe, Central America, and Africa. This finding underlines the effects of GCM uncertainty on the possible hotspots as discussed in the The Role of
Uncertainty in the main text. A similar plot for individual GIMs cannot be shown because they are different in each sector.
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Fig. S6. SD of crossing temperatures taken over those GIM-GCM combinations that do cross for discharge (A), crop yields (B), risk of severe ecosystem changes
(), and length of malaria transmission season (D).
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Fig. S7. Sectoral distribution of worst-case analysis of threshold crossings (A-D) and multisectoral overlap colored by number of overlapping sectors (E). The
sectoral crossing temperature is taken as the 10th percentile of all GIM-GCM crossing temperatures, requiring an agreement of 10% on the crossing, to avoid
spurious results of one model only. The different color shadings represent agreement of impact models on the crossing of the threshold. This visualization style
is based on Kaye et al. (1). The multisectoral overlap is for the range of AGMT up to 4.5 °C. The light gray colored areas in E are regions where no overlap is
possible at all because of masking.

1. Kaye NR, Hartley A, Hemming D (2012) Mapping the climate: Guidance on appropriate techniques to map climate variables and their uncertainty. Geosci Model Dev 5(1):245-256.
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Fig. 8. Comparing the cumulative fraction of global population affected by multisectoral pressure under the strict assumptions when based on the year 2000
distribution (brightly tinted bars) and when based on the year 2084 distribution (lightly tinted bars).
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Table S1. Overview and main characteristics of global crop models
Nutrient Starting conditions
CO, constraints (representation of
fertilization on CO, Adaptation present day yields or

Model name affects fertilization Fertilizer use measures potential yields?)

EPIC (1, 2) RUE, TE No Flexible N application Annual adjustment of Present day
Environmental rates (N stress free planting dates; total potential yields
Policy Integrated days in 90% of crop heat units to reach
Climate growing period maturity remain

to an upper application constant no adjustment of
limit of 200 kg-ha™) cultivars

Constant

P application rates.

GEPIC (3, 4) RUE, TE No Flexible N application Decadal adjustment Present day
GIS-based based on N stress >10% of planting dates, yields
agroecosystem (limitation of potential total heat units to
model integrating a biomass increase because reach maturity remain
bio-physical EPIC model of N stress) up to an constant.

(Environmental upper national Adjustment of
Policy Integrated application limit winter and
Climate) with a GIS according to FertiStat, spring wheat sowing
fixed present day P areas based on
application temperature
rates following FAO
FertiStat database*

GAEZ-IMAGE (5, 6) LLP No Soil nutrient limiting Adjustment of Present day
Integrated Model to factors are not planting dates, yields
Assess the Global accounted for total heat
Environment units to reach

maturity remain
constant. Adjustment

of summer and

winter varieties in case of
wheat and maize

LPJ-GUESS (7) - LLP, CC No Soil nutrient Adjustment of planting Potential
Lund-Potsdam-Jena limiting dates, total yields
General Ecosystem factors are not heat units to reach
Simulator with accounted for maturity are
managed Land dynamically adapted

to the
prevailing climate

LPJmL (8, 9) - Lund- LLP, CC Not Soil nutrient Fixed planting dates, total  Present day yields
Potsdam-Jena directly limiting factors heat
managed Land accounted are not units to reach maturity
Dynamic Global for accounted for remain constant
Vegetation and Water
Balance Model

PEGASUS (10) RUE, TE No Fixed N, P, K Adjustment of planting Present day yields
Predicting Ecosystem application dates,

Goods And Services rates (IFA variable heat units to
Using Scenarios national statistics) reach
maturity

pDSSAT [11, for DSSAT] RUE, LLP, Yes for Fixed N No adjustment of planting Present day yields
— parallel Decision CcC wheat, present day dates,

Support System for rice, application rates total heat units to reach
Agro-technology Transfer maize; maturity remain constant
no for soy

CC, canopy conductance; GIS, geographic Information system; K, potassium; IFA, International Fertilizer Industry Association; LLP, leaf level photosynthesis;
N, nitrogen; P, phosphorus; RUE, radiation use efficiency; TE, transpiration efficiency.
*FAO FertiSTAT: Fertilizer use statistics. Available at: http:/www.fao.org/ag/agl/fertistat/index_en.htm.
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. Williams JR (1995) The EPIC Model. Computer Models of Watershed Hydrology, ed Singh VP (Water Resources Publications, Highlands Ranch, CO), pp 909-1000.

. lzaurralde RC, Williams JR, McGill WB, Rosenberg NJ, Jakas MCQ (2006) Simulating soil C dynamics with EPIC: Model description and testing against long-term data. Ecol Modell 192(3-4):362-384.

. Williams JR, Jones CA, Kiniry JR, Spanel DA (1989) The EPIC crop growth model. Trans ASAE 32:497-511.

. Liu JG, Zehnder AJB, Yang H (2009) Global crop water use and virtual water trade: the importance of green water. Water Resour Res 45:W05428.

. MNP (2006) (Eds A.F.Bowman, T. Kram, and K. Klein Goldewijk), Integrated modelling of global environmental change. An overview of IMAGE 2.4. Netherlands Environmental As-
sessment Agency (MNP), Bilthoven, The Netherlands.
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. Leemans R, Solomon AM (1993) Modeling the potential change in yield and distribution of the earth’s crops under a warmed climate. Clim Res 3(1-2):79-96.
. Lindeskog M, et al. (2013) Implications of accounting for land use in simulations of ecosystem services and carbon cycling in Africa. Earth Syst Dynam Discuss 4:235-278.

. Waha K, et al. (2012) Climate-driven simulation of global crop sowing dates. Glob Ecol Biogeogr 21(2):247-259.

6
7
8. Bondeau A, et al. (2007) Modelling the role of agriculture for the 20th century global terrestrial carbon balance. Glob Change Biol 13(3):679-706.
9
1

0. Deryng D, Sacks WJ, Barford CC, Ramankutty N (2011) Simulating the effects of climate and agricultural management practices on global crop yield. Global Biogeochem Cycles 25(2):

GB2006.

11. Jones JW, et al. (2003) The DSSAT cropping system model. Eur J Agron 18(3-4):235-265.

Table S2. Overview and main characteristics of global hydrological models

Model name Energy balance Evaporation scheme Runoff scheme Snow scheme CO, effect

DBH (1, 2) - Distributed Yes Energy balance Infiltration excess Energy balance Constant
Biosphere-Hydrological Model

HO08 (3, 4) Yes Bulk formula* Saturation excess, Energy balance No

nonlinear

JULES (5, 6) - Joint UK Land Yes Penman-Monteith Infiltration excess, Energy balance Yes

Environment Simulator saturation excess,
groundwater

LPJmL (7, 8) - Lund-Potsdam-Jena No Priestley-Taylor Saturation excess Degree day Yes
managed Land Dynamic Global
Vegetation and Water Balance Model

Mac-PDM.09 (9, 10) - Macroscale Probability No Penman-Monteith Saturation excess, Degree day No
Distributed Moisture model.09 nonlinear

MATSIRO (11, 12) — Minimal Advanced Yes Bulk formula Infiltration excess, Energy balance Constant
Treatments of Surface Interaction and saturation excess,
RunOff groundwater.

MPI-HM (13, 14) — Max Planck Institute No Penman-Monteith Saturation excess, Degree day No
Hydrology Model nonlinear

PCR-GLOBWSB (15, 16) — PCRaster Global No Hamon Saturation excess Degree day No
Water Balance p-function”

VIC (17, 18) — Variable Infiltration Only for snow Penman-Monteith Saturation excess, Energy balance No
Capacity Macroscale Hydrologic Model nonlinear

WaterGAP (19, 20) — Water — Global No Priestley-Taylor B-Function Degree day No
Analysis and Prognosis

WBM (21, 22) — Water Balance Model No Hamon Saturation excess Empirical temperature No

and precipitation-based

formula

*Use of bulk transfer coefficients to calculate turbulent heat fluxes.

TRunoff is a nonlinear function of soil moisture.

1. Tang Q, Oki T, Kanae S, Hu H (2007) The influence of precipitation variability and partial irrigation within grid cells on a hydrological simulation. J Hydrometeorol 8(3):499-512.
2. Tang Q, Oki T, Kanae S, Hu H (2008) Hydrological cycles change in the Yellow River Basin during the last half of the 20th century. J Clim 21(8):1790-1806.
3. Hanasaki N, et al. (2008) An integrated model for the assessment of global water resources — Part 1: Model description and input meteorological forcing. Hydrol Earth Syst Sci 12(4):

1007-1025.

. Hanasaki N, et al. (2008) An integrated model for the assessment of global water resources — Part 2: Applications and assessments. Hydrol Earth Syst Sci 12(4):1027-1037.

. Best MJ, et al. (2011) The Joint UK Land Environment Simulator (JULES), model description — Part 1: Energy and water fluxes. Geosci Model Dev. 4(1):677-699.

. Clark DB, et al. (2011) The Joint UK Land Environment Simulator (JULES), model description — Part 2: Carbon fluxes and vegetation dynamics. Geosci Model Dev 4(1):701-722.

. Rost S, et al. (2008) Agricultural green and blue water consumption and its influence on the global water system. Water Resour Res 44(9):W09405.
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5
6
7. Bondeau A, et al. (2007) Modelling the role of agriculture for the 20th century global terrestrial carbon balance. Glob Change Biol 13(3-4):679-706.
8
9

. Gosling SN, Arnell NW (2011) Simulating current global river runoff with a global hydrological model: Model revisions, validation and sensitivity analysis. Hydrol Processes 25(7):

1129-1145.

10. Arnell NW (1999) A simple water balance model for the simulation of streamflow over a large geographic domain. J Hydrol (Amst) 217(3-4):314-335.
11. Pokhrel Y, et al. (2012) Incorporating anthropogenic water regulation modules into a land surface model. J Hydrometeorol 13(1):255-269.

12. Kumiko T, et al. (2003) Development of the minimal advanced treatments of surface interaction and runoff. Global Planet Change 38(1-2):209-222.
13. Hagemann S, Dumenil Gates L (2003) Improving a subgrid runoff parameterization scheme for climate models by the use of high resolution data derived from satellite observations.

Clim Dyn 21(3-4):349-359.

14. Stacke T, Hagemann S (2012) Development and validation of a global dynamical wetlands extent scheme. Hydrol Earth Syst Sci 16(8):2915-2933.
15. Van Beek LPH, Wada Y, Bierkens MFP (2011) Global monthly water stress: I. Water balance and water availability. Water Resour Res 47(7):W07517.
16. Wada Y, et al. (2011) Global monthly water stress: Il. Water demand and severity of water. Water Resour Res 47(7):W07518.
17. Lohmann D, Raschke E, Nijssen B, Lettenmaier DP (1998) Regional scale hydrology: I. Formulation of the VIC-2L model coupled to a routing model. Hydrol Sci J 43(1):131-141.

18. Liang X, Lettennmaier DP, Wood EF, Burges SJ (1994) A simple hydrologically based model of land surface water and energy fluxes for general circulation models. J Geophys Res 99

(D7):14415-14428.

19. Doll P, Kaspar F, Lehner B (2003) A global hydrological model for deriving water availability indicators: model tuning and validation. J Hydrol (Amst) 270(1-2):105-134.
20. Doll P, et al. (2012) Impact of water withdrawals from groundwater and surface water on continental water storage variations. J Geodyn 59-60:143-156.
21. Vordésmarty CJ, Peterson BJ, Lammers RB, Shiklomanov IA, Shiklomanov Al (1998) R-ArcticNET: A regional, electronic, hydrographic data network for the arctic region. University of

New Hampshire, Durham, NH.

22. Wisser D, Fekete BM, Vorésmarty CJ, Schumann AH (2010) Reconstructing 20th century global hydrography: A contribution to the Global Terrestrial Network-Hydrology (GTN-H).

Hydrol Earth Syst Sci 14(1):1-24.
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Table S3. Overview and main characteristics of bio-geochemical models

Model name

Representation of dynamic vegetation

Represented bio-geochemical cycles

Hybrid (1)

JeDI (2) - Jena
Diversity Model

JULES (3, 4) - Joint UK
Land Environment Simulator

LPJmL (5, 6) — Lund-Potsdam-Jena
managed Land Dynamic
Global Vegetation and Water
Balance Model

ORCHIDEE (7, 8)

SDGVM (9, 10) - Sheffield
Dynamic Vegetation Model
VISIT (11, 12) - Vegetation

Integrative Simulation for Trace gases

Yes

Yes
Yes

Yes

Not in the
configuration used for ISI-MIP

No

No

Representation of C and N cycles

(N provides constraints on photosynthesis,

growth, and affects allocation of C to leaf area)
Representation of water and C cycle, no limitation

of CO, fertilization by nutrient supply
Representation of C cycle (no limitation of CO,

fertilization by nutrient supply e.g., N or P)
Representation of a fully coupled water and carbon

cycle (assuming optimal leaf nitrogen allocation,

but no limitation of CO, fertilization by nutrient supply)

Representation of C cycle (no limitation of CO,
fertilization by nutrient supply e.g., N or P) Land
surface model - calculates energy fluxes and surface
temperature on a 30-min time step

Fully coupled water and carbon cycle, below ground
nitrogen cycle

Representation of C and N cycle (but no limitation of
CO, fertilization by N supply in this simulation).

For vegetation processes, single vegetation-layer
carbon cycle model.

ORCHIDEE, ORganizing Carbon and Hydrology in Dynamic EcosystEms.

1173-1190.

i

and biogeochemistry based on plant functional trade-offs. Biogeosciences Discuss 9:4627-4726.

own kW

(Amst) 286(1):249-270.

SO v

(N Y) 13(3):472-483.

. Friend AD, White A (2000) Evaluation and analysis of a dynamic terrestrial ecosystem model under preindustrial conditions at the global scale. Global Biogeochem Cycles 14(4):
Pavlick R, Drewry D, Bohn K, Reu B, Kleidon A (2012) The Jena Diversity-Dynamic Global Vegetation Model (JeDi-DGVM): A diverse approach to representing terrestrial biogeography

Best MJ, et al. (2011) The Joint UK Land Environment Simulator (JULES), model description — Part 1: Energy and water fluxes. Geosci Model Dev 4(1):677-699.

Clark DB, et al. (2011) The Joint UK Land Environment Simulator (JULES), model description — Part 2: Carbon fluxes and vegetation dynamics. Geosci Model Dev 4(1):701-722.
Sitch S, et al. (2003) Evaluation of ecosystem dynamics, plant geography and terrestrial carbon cycling in the LPJ dynamic global vegetation model. Glob Change Biol 9(2):161-185.
Gerten D, Schaphoff S, Haberlandt U, Lucht W, Sitch S (2004) Terrestrial vegetation and water balance—Hydrological evaluation of a dynamic global vegetation model. J Hydrol

Krinner G, et al. (2005) A dynamic global vegetation model for studies of the coupled atmosphere-biosphere system. Global Biogeochem Cycles 19(1):GB1015.

Piao S, et al. (2007) Changes in climate and land use have a larger direct impact than rising CO, on global river runoff trends. Proc Nat/ Acad Sci USA 104(39):15242-15247.

Le Quere C, et al. (2009) Trends in the sources and sinks of carbon dioxide. Nat Geosci 2(12):831-836.

Woodward Fl, Smith TM, Emanuel WR (1995) A global land primary productivity and phytogeography model. Global Biogeochem Cycles 9(4):471-490.

Inatomi M, Ito A, Ishijima K, Murayama S (2010) Greenhouse gas budget of a cool temperate deciduous broadleaved forest in Japan estimated with a process-based model. Ecosystems

12. Ito A, Inatomi M (2012) Use of a process-based model for assessing the methane budgets of global terrestrial ecosystems and evaluation of uncertainty. Biogeosciences 9(2):759-773.
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Table S4. Overview and main characteristics of malarial models

Effect of
Model name Input Effect of rainfall temperature Output Notes
LMM 205 (1, 2) - Monthly Mosquito population Biting rates, sporogonic cycle Transmission based Based on vector
Liverpool Malaria temperature based on rainfall in  length, survival probability on reproduction transmission
Model and rainfall previous month ratioR_0, R_0 > 1 potential model
for sustainable
disease
transmission
MARA (3, 4) - Mapping 3-mo rainfall above  Temperature above Malaria season in  Very simplified
Malaria Risk in Monthly minimum a threshold + a seasonality progress or not seasonal model
Africa temperature threshold, catalyst index based on SD of of malaria transmission
and rainfall month with monthly rainfall
rainfall above
a second threshold
MIASMA (5, 6) — Temperature Rainfall above Effects on survival probability R_0 > 1 for Model not constrained
Modeling minimum and biting frequency of sustainable by present day distribution
Framework for the threshold mosquitoes disease of malaria vectors
Health Impact transmission
Assessment of Man-
Induced
Atmospheric
Changes
VECTRI (7) - vector- Daily Physical model of Sporogonic and gonotrophic Daily number of Accounts for human
borne disease temperature surface pool cycle development rates, infectious bites population density in the
community model and rainfall hydrology: low mortality rates for adult by infectious calculation of biting rates,
of the International rainfall increases vectors, growth rate and vectors, full dynamic model with

Centre for
Theoretical Physics,
Trieste

breeding sites,
high rainfall
flushes larva

mortality of larvae (water
temperature)

transmission
probability per
person per day

daily timestep and
accounting for subseasonal
variations in climate

OV A WN =

(ESIAM) 2.

. Hoshen MB, Morse AP (2004) A weather-driven model of malaria transmission. Malar J 3(32):32.
. Jones AE, Morse AP (2010) Application and validation of a seasonal ensemble prediction system using a dynamic malaria model. J Clim 23(15):4202-4215.
. Craig MH, Snow RW, Le Sueur D (1999) A climate based distribution model of malaria transmission in Sub-Saharan Africa. Parasitology Today 15(3):104.

. Jones A (2007) Seasonal ensemble prediction of malaria in Africa. PhD thesis (University of Liverpool, Liverpool, UK).
. Van Lieshout M, Kovats RS, Livermore MTJ, Martens P (2004) Climate change and malaria: Analysis of the SRES climate and socio-economic scenarios. Glob Environ Change 14(1):87-99.
. Martens P (1999) MIASMA: Modelling framework for the health Impact Assessment of Man-induced Atmospheric changes. Electronic Series on Integrated Assessment Modeling

7. Tompkins AM, Ermert V (2013) A regional-scale, high resolution dynamical malaria model that accounts for population density, climate and surface hydrology. Malar J 12:65.
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