HR i K e B SR R TR AR Y [ e 5T P RUE - 1 B E# 2 3im S5

Reglonal Statistical Downscaling of Extreme Weather and Climate Indices:
From Daily Data to Extreme Events
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Why do we need downscaling?

GHG Emission and
Concentration Scearios |

AOGCM Projections

. o . . . . Source:
Figure 3— Schematic depiction of the steps involved in the production of climate

change information usable for impact assessment work via regionalization methods G lorgl (2008)



Why do we need downscaling?
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GCM (~300 km) Problems:
Precipitation October, J* GCM too coarse for local assessment

28N e GCM biases in climatology (spatially and
temporally)
e Regional climate variability (topography,
surface landscapes, coastlines)
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Future Climate Scenarios Cascade (Statistical Downscaling)
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Box-Whisker Plots of CMIP5 Model Projected Taiwan Mean
Future (2080-2099) Climate Change with RCP8.5 scenario
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High-impact and high-resolution climate information needed for:

* assessing environmental and societal relevant climate change impacts

* developing adaptation strategies and mitigation efforts

Probabilty of occurrence

Probabdity of occurrence

(a)

What is an Extreme?
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Frost days

Ice days
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temperature each month is then: TNny; = mm(TNn,g)

Let TN be the daily minimum temperature on day 7 in period j. Count the number of days where
TN; <0°C

Let TX be the daily maximum temperature on day i in period j. Count the number of days
where TX.. < 0°C
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Core Set of 27 Extreme Indices Recommended by the ETCCDL.

Focused on Rainfall Related Extreme Indices

DTR

Diumal temperature
range

Max 1 day precipitation
Max 5 day precipitation
Simple daily intensity
Number of wet days
Heavy precipitation days
Very heavy precipitation
days

Consecutive dry days

Consecutive wet days

Very wet days

Extremely wet days

Total wet-day
precipitation

Let TN and TX be the daily minimum and maximum temperature respectively on day / in
ol . . s N . . . . ! \

Let PR;; be the daily precipitation amount on day 7 in period j. The maximum 1 day value for
period j are: RX1day; = max (PR
Let PRy; be the precipitation

day values for period j are: = max (PRy)

Let PR,; be the dailyfprecipi amount on wet days, PR >= Imm in period j. If W
represents numbg¢r of wet days in j, then: SDII; = (fo:, PR,/ W

Let PRy e daily precipitation amount on day 7 in period j. Count the number of days where
PR; > 1

LetyPRy be the'daily precipitation amount on day 7 in period j. Count the number of days where
PR; > 10mm

Let PR;; be the daily precipitation amount on day 7 in period j. Count the number of days where
Let PR;; be the daily precipitation amount on day i in period j. Count the largest number of
consecutive days where PR;; < 1 mm

Let PR;; be the daily precipitation amount on day i in period j. Count the largest number of
consecutive days where PR;; > I'mm

Let PR,; be the daily precipitation amount on a wet day w (PR >= 1 mm) in period i and
let PR",95 be the 95™ percentile of prempltanon on wet days in the 1961-1990 period. If
W represents the number of wet days in the period, then: R95p;, = 2’3’_, PR,,;, where
PRW' > PR,,,,95

Let PR,,; be the daily precipitation amount on a wet day w (PR >= 1 mm) in period i and let
PR,,,99 be the 95th percentile of precnpltatlon on wet days in the 1961-1990 period. If
W represents the number of wet days in the period, then: R99p, = S, PR,,, where
PR,,; > PR,,,99

Let PRj; be the daily precipitation amount on day 7 in period j. If / represents the number of days
in j, then: PRCPTOT, = Y | PR,

the 5 day interval ending £, period j. Then maximum 5




Wet Get Wetter and the Dry Drier

a)  Wettest consecutive five days (RX5day)
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Extreme events often has spatial scale dependence
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Require long-term high-resolution observations
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RX1day from CMIP5 Historical Run
with Original Model Resolution
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Statistical downscaling for daily data from
CMIP5 models

X resolution : 1.125°~ 3.75°
Y resolution : 0.9375° ~ 3°

Bias Correction
. CMIP5 Model = =
Spatial Downscale Original

X resolution : 0.25° B ar
Y resolutioh :10.25° Int tion

Mod. 0.25°x0.25°
Resolution

a0 Final

Result




Daily Data Bias Correction

) Model OBS
K S s— \ model & OBS 100th mop.mm
r‘ 1%61 Pl .

PrassgePluor * Plages * Plons * Ploss ™ Plyseg
PrasssPfuoe * Praacs * Prfass ™ Praass ™ Plaseg -Pliase 00...000..00
. . 00...000..00

Target Day 1961 12/4 00...000..
Df120 r gz 6
.‘LJ ...o O
B

Sampling Day 1961 ~ 2005
Pryz1g - Pligg Total Samiples respectively Intensity
45x31 = 1395

\set Time Window : i15days/ \8 ot samoing0ay  S€t Bin size: 5 samples )

years

percentile

OBSs95 =3 Promise /5
MOde|8.95p =2 Prmodclllet-lZSth/ 5

Target Day 1961 12/4 Model Bias Correction
|V|Ode|_BCpr1204=(Modelpr1204X 0858.95p/ Models.gsp)



+«—— Model Range of Extremes — Observation

AEE4E|  Min 10th % | 25th% | Median | 75th % | 90th % Max Mean |aphrodite] E{I

nBday | 2382 254.3 2706 293.2 2l 859.6 384.1 297.0 253.9 mm

sdlii 11.0 11.5 11.8 12.1 12.4 12.8 13.3 12.1 11.9 mm
rlOmm 36.8 39,5 40.3 41.3 42.4 43.5 45.2 41.4 38.7 day
r20mm 18.5 19.7 20.3 21.0 21.8 22.6 23.8 21.1 19.6 day
rS0mm 4.7 5.2 5.5 5.9 .2 h.7 7.4 6.0 5.3 dlay
r80mm 1.5 21 PN 2.5 2.8 = | 3.6 2.5 2.2 day

rA5pTOT | 5721 598.1 610.9 628.3 6£6.1 662.5 691.5 629.3 610.4 mm
rA9pTOT | 256.5 281.2 300.4 324.0 353.9 386.1 440.2 330.3 338.5 mm

prepTOT | 1475.4 | 1529.9 | 15729 | 1613.6 | 1666.2 | 1726.7 | 18023 | 1622.3 | 1508.0 |




RX1day from CMIP5 Historical Run
with Original Model Resolution

25N 25N 25N
24N 24N 24N
23N 23N - 23N
22N 22N 22N .
119E 120E 121E 122E 119E 120E 121E 122€ 119E 120E 121E 122E 119E 120E 121E 122€ 1198120¢ B 1E 122€ 119E 120E 121E 122€ 119E 120E 121E 122E 119E 120E 121E 122€
— EDL & inm 4 Ml — — | — 1
25N 25N 25N 25N 25N
24N 24N 24N 24N 24N
23N 23N - 23N - 23N - 23N
22N . 22N 22N 22N 22N .
119E 120E 121E 122€ 119E 120E 121E 122E 119E 120E 121E 122€ 119E 120E 121E 122E 119E 120E 121E 122E 119E 120E 121E 122E
—csm1—1 — FGOALS — Pl— = r 1—

119E 120E 121E 122€ 119E 120E 121E 122 119E 120F 121E 122E

c—csml—1-— Pl— - Aphrodi
25N ?5N.
24N 24N A
®
23N 23N -
22N . 22N
119E 120E 121E 122€ 119E 120E 121E 122E 119E 120E 121E 122E 119E 120E 121E 122E 119E 120E 121E 122€ 119E 120E 121E 122E 119E 120E 121E 122€ 119E 120E 121E 122

B | [ [T (mm/day)

50 60 70 80 90 100 110 120 130 140 150




RX1day from CMIP5 Historical Run
spatially interpolate to 0.25° Resolution
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RX1day from CMIP5 Historical Run
Daily Downscaling Precipitation
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Wet-day Frequency (RR1) from CMIP5
Historical Run Daily Downscaling Precipitation
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Wet-day Frequency (RR1) from CMIP5
Historical Run Daily Downscaling Precipitation
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Projected multi-model ensemble mean future changes
(%) in 11 rainfall related extremes indices from CMIP5
downscaling daily precipitation with different scenarios
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Projected future changes (%) in RX1day from CMIP5
models under RCP8.5 scenarios (Uncertainty)
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Uncertainty range of projected future Taiwan area
averaged changes (%) in 11 rainfall related extreme

indices from CMIP5 models under 4 different RCP

scenarios (Uncertainty)
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Summary and Concluding Remarks

e Large resources are needed for dealing with all the uncertainties
using dynamical downscaling approach. Statistical approach is a
relatively simple and cheap alternative.

 Statistical downscaling methods\foer both monthly and daily
climate data have been-applied’to CMIP data archive to derive
high-resolution regional, data for impact and adaptation studies
based on high-resolution observation.

e Must consider the other major uncertainties (emission scenario,
model, etc.) regarding future climate in addition to downscaling
to local scale. Probabilistic projection better represent the
uncertainty.
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