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Figure 1: Study domain range, climate zone classifications, and the 10,977 grid points of the VIC model used for the analyses in this study. National boundaries are delineated by black lines. The 12 climate zones classified based on the Köppen climate zone method are denoted by individual colors.
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Figure 2: The flowchart of entire procedure used in the study 
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Figure 3: Spatial distributions of the (a) annual mean precipitation (PANN) and (b) annual maximum precipitation (PX1D) for the historical period (1976-2005) in the Asian monsoon region derived from observations and the MME of bias-corrected outputs from the five GCMs.
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Figure 4: Spatial distributions of the MME for four extreme climate indices (FD, ID, SU and TR) over the study domain. The relative changes in the numbers of (a) frost days (FD), (b) ice days (ID), (c) summer days (SU), and (d) tropical nights (TR) under 1.5 °C and 2.0 °C of global warming are compared with those of the reference period (REF).
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Figure 5: Changes in the extreme temperature indices (a) related to the coldest days (FD: frost days and ID: ice days) and (b) related to the hottest days (SU: summer days and TR: tropical nights) derived from the MME for the 12 climate zones.
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Figure 6: Relative changes in the (a, c) maximum temperature (TX) and minimum temperature (TN) according to four percentile ranges under 1.5 and 2.0 °C of global warming compared with the reference period (REF). (b) The relationship between the average latitude of each climate zone and the relative change in the 90th percentile of maximum temperature (TX90P) under global warming. (d) The relationship between the average latitude of each climate zone and relative change in the 90th percentile of minimum temperature (TN90P) under global warming. Each circle in (b) and (d) denotes a representative value for an individual climate zone. The solid (dashed) line in (b) and (d) represents the regression relationship between two variables with the coefficient of determination (R2) under 1.5 °C (2.0 °C) of global warming.
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Figure 7: Relative changes in the (a) total amount, (b) frequency and (c) intensity of the extreme precipitation indices (P95: very wet day precipitation, P99: extreme wet day precipitation) for the 12 climate zones derived from the MME of the five GCMs under 1.5 °C and 2.0 °C of global warming compared to the reference period (REF). Green circles (gray circles) denote 100 % (over 80 %) intermodel agreement.
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Figure 8: (a) Relative changes in the annual maximum precipitation (PX1D) derived from the MME of the five GCMs under 1.5 °C and 2.0 °C of global warming compared to the reference period (REF). (b) Scatter plot for a comparison of the relative changes between the maximum precipitation over 2, 3 and 5 consecutive days (PX2D, PX3D, and PX5D, respectively) and the annual maximum precipitation (PX1D) derived from the MME over the Asian monsoon region. Each blue diamond (orange circle) in (b) indicates the relationship between the variable on the X-axis and the variable on the Y-axis for an individual grid value within the region under 1.5 °C (2.0 °C) of global warming.
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Figure 9: Relative changes in the annual mean precipitation (PANN) and annual maximum precipitation (PX1D) for the 12 climate zones derived from the MME of the five GCMs under 1.5 °C and 2.0 °C of global warming compared to the reference period (REF). Green circles (gray circles) denote 100 % (over 80 %) intermodel agreement.
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Figure 10: Spatial distributions of the MME for three extreme climate indices (MDF, DWF07, and DWF30) over the study domain. Relative changes in the (a) annual maximum runoff (MDF), (b) consecutive 7-day minimum runoff (DWF07), and (c) consecutive 30-day minimum runoff (DWF30) under 1.5 °C and 2.0 °C of global warming compared to the reference period (REF). The green (i.e., located in the Cf zone) and yellow (i.e., located in the Bw zone) rectangles indicate the locations of regions susceptible to DWF07 and DWF30 under global warming.
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Figure 11: Relative changes in the (a) annual mean runoff (RANN) and (b) annual maximum runoff (MDF) for the 12 climate zones derived from the MME of the five GCMs under 1.5 °C and 2.0 °C of global warming compared to the reference period (REF). Green circles (gray circles) denote 100 % (over 80 %) intermodel agreement.

Table 1: Climate zones classified according to the Köppen climate classification method using temperature and precipitation (Tmin(max): monthly averaged minimum (maximum) temperature, Pmin: monthly averaged minimum precipitation, PANN: annual averaged precipitation, Psmin(smax): minimum (maximum) precipitation in the summer season, and Pwmin(wmax): minimum (maximum) precipitation in the winter season).
	Type
	Description
	Criterion
	Ratio of Area (%)

	A
	Tropical climates
	Tmin ≥ +18 °C
	17.2

	Af
	Rainforest
	Pmin ≥ 60 mm
	5.8

	Am
	Monsoon
	Not(Af) & Pmin ≥ 100-PANN/25
	1.7

	Aw
	Savannah
	Not(Af) & Pmin < 100-PANN/25
	9.7

	B
	Arid climates
	PANN <  10Pth
	22.1

	BS
	Steppe climate
	PANN > 5Pth
	4.6

	BW
	Desert climate
	PANN ≤ 5Pth
	17.5

	C
	Warm temperate climates
	-3 °C <  Tmin <  +18 °C
	19.4

	Cs
	Warm temperate climate with dry summer
	Psmin <  Pwmin &
Pwmax > 3Psmin & Psmin < 40 mm
	2.1

	Cw
	Warm temperate climate with dry winter
	Pwmin < Psmin & Psmax > 10Pwmin
	10.5

	Cf
	Warm temperate climate without dry season
	Neither Cs nor Cw
	6.7

	D
	Cold climates
	Tmin ≤ -3 °C
	36.3

	Ds
	Cold climate with dry summer
	Psmin < Pwmin &
Pwmax > 3Psmin & Psmin < 40 mm
	1.8

	Dw
	Cold climate with dry winter
	Pwmin <  Psmin & Psmax > 10Pwmin
	19.7

	Df
	Cold climate without dry season
	Neither Ds nor Dw
	14.8

	E
	Polar climates
	Tmax < +10 °C
	5.1

	ET
	Tundra climate
	0 °C ≤ Tmax < +10 °C
	5.1

	EF
	Frost climate
	Tmax < 0 °C
	-




Table 2: List of the five selected GCMs used in this study.
	No.
	GCM
	Resolution
(Lon.×Lat.)
	Institute
	Nation

	1
	bcc-csm1-1-m
	1.125° × 1.125°
	BCC
	China

	2
	CanESM2
	2.8125° × 2.8125°
	CCCma
	Canada

	3
	CMCC-CMS
	1.875° × 1.875°
	CMCC
	Italy

	4
	CNRM-CM5
	1.40625° × 1.40625°
	CNRM-CERFACS
	France

	5
	NorESM1-M
	2.5°× 1.875°
	NCC
	Norway












Table 3: Periods and central years of the individual GCMs with global warming of 0.48 °C, 1.5 °C and 2.0 °C under the RCP4.5 scenario.
	No.
	GCM
	Reference period 
(0.48 °C)
	Future period
(1.5 °C)
	Future period
(2.0 °C)

	1
	bcc-csm1-1-m
	1973 (1959-1988)
	2013 (2006-2035)
	2039 (2025-2054)

	2
	CanESM2
	1983 (1969-1998)
	2016 (2006-2035)
	2031 (2017-2046)

	3
	CMCC-CMS
	1996 (1982-2011)
	2034 (2020-2049)
	2052 (2038-2067)

	4
	CNRM-CM5
	1988 (1974-2003)
	2035 (2021-2050)
	2056 (2042-2071)

	5
	NorESM1-M
	1991 (1977-2006)
	2041 (2027-2056)
	2075 (2061-2090)





Table 4: Definitions of the hydroclimatic extreme indices using minimum temperature (denoted by TN), maximum temperature (denoted by TX), precipitation (denoted by PR) and runoff data where ‘i’ and ‘j’ represent the month and year, respectively. 
	Index name (label)
	Index definition
	Unit
	Source of Indices

	Tropical nights (TR)
	The number of days when TNij > 20 °C
	Days
	Minimum
Temperature

	Frost days (FD)
	The number of days when TNij < 0 °C
	Days
	

	Warm nights (TN90P)
	The number of days when TNij > TNref90; here, TNref90 is the calendar day 90th percentile centered on a 5-day window for the reference period of individual GCMs
	Days
	

	Cold nights (TN10P)
	The number of days when TNij < TNref10; here, TNref10 is the calendar day 10th percentile centered on a 5-day window for the reference period of individual GCMs
	Days
	

	Summer days (SU)
	The number of days when TXij > 25 °C
	Days
	Maximum
Temperature

	Ice days (ID)
	The number of days when TXij < 0 °C
	Days
	

	Warm days (TX90P)
	The number of days when TXij > TXref90; here, TXref90 is the calendar day 90th percentile centered on a 5-day window for the reference period of individual GCMs
	Days
	

	Cold days (TX10P)
	The number of days when TXij < TXref10; here, TXref10 is the calendar day 10th percentile centered on a 5-day window for the reference period of individual GCMs
	Days
	

	Very wet day
precipitation (P95)
	The total precipitation when PRij exceeds the 95th percentile of the wet day precipitation in the reference period of individual GCMs
	Mm
	Precipitation

	Extreme wet day precipitation (P99)
	The total precipitation when PRij exceeds the 99th percentile of the wet day precipitation in the reference period of individual GCMs
	Mm
	

	Annual maximum precipitation (PX1D)
	The maximum 1-day precipitation
	Mm
	

	Maximum 2-day precipitation (PX2D)
	The maximum consecutive 2-day precipitation
	Mm
	

	Maximum 3-day precipitation (PX3D)
	The maximum consecutive 3-day precipitation
	Mm
	

	Maximum 5-day precipitation (PX5D)
	The maximum consecutive 5-day precipitation
	Mm
	

	Minimum 7-day runoff (DWF07)
	The minimum consecutive 7-day runoff
	Mm
	Runoff

	Minimum 30-day runoff (DWF30)
	The minimum consecutive 30-day runoff
	Mm
	

	Annual maximum runoff (MDF)
	The maximum daily runoff
	Mm
	





Table 5: Plots of the percentage changes (%) in the climate extreme indices in response to additional warming of 0.5 °C in the climate zones over Asia, where ‘*’ and ‘**’ represent significance at the 80 and 100 % agreement levels, respectively.
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1. Climate simulations and projections 2. Runoff simulations and projections
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