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Outhne O https://github.com/sdesrosiers1989/ICCB Projections

* Background on downscaled climate projections

* R scripts (~ 30 mins each)
* Importing, plotting, subsetting climate projections
 Calculating ensemble mean
 Validating data and calculating bioclimatic indices

e Start installing packages while we talk!
* terra, dplyr, sf, ggplot2, dismo, rasterVis, reshape
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https://github.com/sdesrosiers1989/ICCB_Projections

What is a climate model?
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What are downscaled climate projections?

* Global climate models (GCMs) have a spatial resolution of 100 — 200km

* CMIP (Coupled Model Intercomparison Project) — major international modelling
effort which feeds into IPCC reports
e Currently on CMIP6

* Dynamical downscaling — running a higher resolution model with the inputs of a
coarser resolution model (i.e., GCM) to improve the resolution of your data
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Why downscaling?

1) Global models do not represent well our climate

Grid cell size: | Grid cell size:
~200 x 100 km . | 10x 10 km

3) QLD climate and
features are unique

" 4) Global models underestimate
extremes and risks
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Downscaling improvements to performance

* Downscaling improved
performance in all regions of
Queensland

* Largest improvement along
coasts, mountains, for
extremes

e Data available:
https://dx.doi.org/10.25914/
8fve-1910
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Queensland Future Climate Dashboard - CMIP6

MeanClimate | Heajwaves | ExtremeTemperatureindices  Extreme Precipitationindices  Droughtindices  Wetnessindices  Fire Weather Indices
Heatwaves are prolonged extreme humid-heat events which impact many sectors of the Australian community. Understanding how heatwave characteristics may change across Queensland in future is
of critical importance.

Region Map: @ Varisble: @ s
Local Government Areas °
Local Government Areas . Heatwave at
Qid
Scenario: @ Season: @ Year @

Mean Range Models
SSP1-2.6 SSP2-4.5 SSP3-7.0 July to June > 2070 v ﬂ ﬂ m
Changes across seasons for Queensland
) Long-term changes relative to reference period (1995-2014)
Heatwave *
Peak S$SP3-7.0 - Heatwave Peak Heat Index for 2060-2073

54

* Three climate change
scenarios (SSP126, 245, 370)

e 15 simulations per scenario

49

B+

44

3.e

Change (°C)

o

July to June Wet
Season

e Multiple regions
* LGAs
* NRMs
* River basins
* etc

Changes over time for Queensland
Long-term changes relative to reference period (1995-2014)

$SP3-7.0 - Heatwave Peak Heat Index for July to June season

Change (°C)

e Multiple indices
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National Partnership for Climate Projections

Q land Future Climate NSW and Australian Climate Service (ACS)
Program IAustralian Regional
Climate Modelling
(NARCIiM2.0)
Project Partners: ERAS reanalysis X X (x7 RCMs) X X
Regional Climate | Conformal Cubic Atmospheric Weather Research Conformal Cubic Bureau of Meteorology
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& configurations) model nudging (BARPA)
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*oc - CCAM with interactive ocean model.
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What are we doing today?

* Import climate data into R
* Three models: ACCESS-ESM1-5, EC-Earth3, GFDL-ESM4
* Climate scenarios: SSP370
* If you have time the data folder includes SSP126 and SSP245

Plot the data

Calculate climate change impacts

Validate the data against observations

Calculate bioclimatic indices
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What does a more realistic workflow look like?

* Find your data

* Evaluate against observations

e Chapman,S., Syktus, J., Trancoso, R., Thatcher, M., Toombs, N., Wong, K. K.-H., & Takbash, A. (2023). Evaluation of Dynamically Downscaled CMIP6-
CCAM Models Over Australia. Earth’s Future, 11(11), e2023EF003548. https://doi.org/10.1029/2023EF003548

* Bias correct if required for your application

e Tomorrow you will be using bioclimatic indices our team prepared. This dataset has been statistically downscaled (5 km) and bias corrected. Data
will be available on EcoCommons.

* Evaluate some more
* Calculate your indices

e Calculate ensemble mean at the end
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Questions?
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Getting started

@ 1CCB_Projections ' Pubic 57 Pin | © Unwatch 1

¥ main ~ ¥ 1Branch 0 Tags Q Goto file Add file ~ <> Code ~

Local Codespaces
. sdesrosiers1989 added data

(3] Clone
B data

HTTPS SSH  GitHub CLI
B scripts

- - git@github.com:sdesrosiers1989/ICCB_Projection: |l:
[ .gitignore

Use a password-protected S55H key

[ README.md

) Open with GitHub Desktop

[0 README [} Download ZIP
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https://github.com/sdesrosiers1989/ICCB_Projections

Prepare your files

* Unzip the folder

* Move it to wherever you

want it (make sure you can
find it!)

e Open RStudio

* In RStudio, open the script
‘ICCB_Training.R’

R5tudic

File Edit Code View Plots Session Build Debug Profile Tools Help
- & - = & | A Gotofileffunction B - Addins -

2B ICCB Training.R

- A @ SourceonSave | ® - | 0
A Packages dismo and reshape required but are not installed. Install Don't Show Again

setwd(
getwd()
dir()

files=dir()
files[1]

tas = rast(
tas

dates = seq(as.Date( ), as.Date(
names (tas) = dates
tas
131 3 (Untitled)
Console  Terminal Background Jobs
C R422 .~/

B run

1+ ¥  Esource -
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Set your working directory

RStudic

File Edit Code WView Plots Session Build Debug Profile Tools Help
|-t & - M & A Gotofie/function B2 - Addins ~

* Install any packages you are _—
missing (COde at the IPadag:dismoa:d?:l::::&:::edb;allznutvinst:led.mwm
beginning of the script)

* Import your packages g

dir()

files=dir()
files[1]

* Change wd to where you put
the data

dates = seq(as.Date(
names (tas) = dates

e dir() should now show you

131 @ (Untitied)

the data files —T—T
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Datasets - models

* Annual temperature and
precipitation for Queensland for
3 climate models for SSP370
1981 - 2100

e ACCESS-ESM1-5 — a dry model
e EC-Earth3 —a wet model

e GFDL-ESM4 — in the middle (this
is the model we’re starting with)

 Storyline approach can help
address ensemble range

Change in annual precipitation (%)
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Radiative forcing levelin 2100 (W/m?)

Datasets — climate change scenarios

SSP1-2.6: Sustainability
: Middle of the road
SSP3-7.0: Regional rivalry

=baseline scenarios - = additional scenarios of interest
Shared Socioeconomic Pathways (CMIP6)

[ m—

705

4.5

[ p—

2.6

SSP5-8.5
SSP3-7.0 —

55P2-4.5

SSP1-2.6

SSP1

Sustainability

SSP2

Middle of
the road

SSP3

Regional
rivaln

SSP4

Inequality

SSP5

Fossil-fueled
development

Previous

scenarios

= i
rcres
m————

RCP6.0
RCP4.5

RCP2.6

Gt CO,/yr

CMIP6 Scenarios - Anthropogenic Radiative Forcing [W/m?]

8| m— 55P585
— S5P370

74 | == ssp24s
e SSP126

67| —— Historical

T T T T T
1980 2000 2020 2040 2060 2080

e OVt ¢ o 01

2100

oo

CMIP6 Scenarios - Global CO, Emissions [Gt / Year]

140
—— s5Ps85
1201 | — ssp3ro
—— ssP2a5
1001 | — ssp126
—— Historical
80
60
40
20
P L e e B o [ e~ I
20 ! ! ! ! !
1980 2000 2020 2040 2060 2080 2100

Ot Scurc: S5 P Osabste ooz

CMIP6 Scenarios - Global CO,Concentrations [ppm]
1200
| |
1100 Historical ‘
1000 s5Ps85 i
900 — S5P370 |
e S5P245 ‘
800 +
55P126 ‘
— 700
£ \
g% \'
500 =
400 !
e |
300 1
200 ‘
100 ‘
0 ! | ! ! |
1980 2000 2020 2040 2060 2080 2100
Warming by scenario in current CMIP6 model runs
For currently available runs, from 1880-1900 to 2090-2100.
T4
62
aa}
v 43
] ® .4
a8
2.9 & s
0
- !
.H V
13
0.9
! SSP1 (12) SS! 6 (34) S5P2-4.5 (33) SSP3-7.0(28) SSP5-8.5 (35)

Queensland

Government



Part 1: What does your data look like?

2097-01-01 2098-01-01

- - (RN ¥ [ [N] w

~ T T 1
140 145 150 185

2099-01-01 2100-01-01
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Your turn!

e Can you modify this plot? Add a title, modify the colours

e Can you plot the other models? How do they compare to this one?

* Hints:
» plot(main = “title”)
* plot(col=brewer.pal(11, “YIOrRd”). See https://colorbrewer2.org/ for ideas!
 plot multi-panel figures using par(mfrow = c(nrows, ncols))
* R is widely used — there’s lot of information on the internet!
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https://colorbrewer2.org/

What does your data look like?

Do these values make sense?

Want to customize your plot further?

https://ggplot2.tidyverse.org/articles/ggpl
ot2.html

ggplot2 is a very popular package. You’ll
find many examples online!
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https://ggplot2.tidyverse.org/articles/ggplot2.html
https://ggplot2.tidyverse.org/articles/ggplot2.html

Part 2: What does your data look like?

1058

Do these values make sense?

16°5

How does the ensemble mean compare to
the values for individual models?

2578 o

LatitLde
=
I
|
E.ql A

140°E 145°E 150°E
Longitude
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Your turn!

* Can you modify this plot? Add a title and change the colours.
e Can you plot multiple models on one figure? Is that helpful?

* What do the other scenarios look like? SSP126 and SSP245 are in the data folder.
Try plotting them!

* There’s lots of information available online:

* https://oscarperpinan.github.io/rastervis/#levelplot
* https://colorbrewer2.org/
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https://oscarperpinan.github.io/rastervis/#levelplot
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Part 3: Validation and Bioclimatic indicators

* Indices relevant to species which are derived from monthly rainfall and

tem perature e BIO10 = Mean Temperature of Warmest Quarter

* BIO1 = Annual Mean Temperature

BIO11 = Mean Temperature of Coldest Quarter

* BIO2 = Mean Diurnal Range (Mean of monthly (max temp - BIO12 = Annual Precipitation

min temp)) | . £ Wettast Montl |

* BIO3 = Isothermality (BIO2/BIO7) (x100)
* BIO14 = Precipitation of Driest Month

* BIO4 = Temperature Seasonality (standard deviation x100)
* _BIO15 = Precipitation Seasonality (Coefficient of

e _BIOS5 = Max Temperature of Warmest Month Variation)

° RIOLG N isa-—Temam-eratite, £ Cald + ANontl ° ninic D HG i LA odd ot M =k
DINVU = 1vITIT 1T II}JCIGLUIC UT CUTUCTOU TVIUTILTT DIV 1LV — rlc\,IIJILCH,IUII Ul VVTCLLTOU W UdT LTI

. LBiG?—-%msemﬂrre—Awml—R—aage—(—Bi-@S—H@é—)—l * BIO17 = Precipitation of Driest Quarter

* BIO8 = Mean Temperature of Wettest Quarter * BIO18 = Precipitation of Warmest Quarter

* BIO9 = Mean Temperature of Driest Quarter * BIO19 = Precipitation of Coldest Quarter
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Input data

* GFDL-ESM4 model — monthly tasmax, tasmin, precipitation
* Due to the size of this dataset we’ve subset it to SEQ

* Tomorrow you will use bioclimatic indicators based on a bias-corrected and
statistically downscaled version of this dataset

e Statistical downscaling

* Process of downscaling that relies on statistical relationships between the model
and observations in the historical period

e Assumes relationship remains the same in the future
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What does your data look like?

TMIN TMAX
22 ]
26
26.5°5
20 .
L 18 275 -
3 L 16 8 2158 23
2 2
G ®
22
- L 14 - 285
- 21
L 12 28.5°5
20
29°5
10 19
T I T T
152°E 153°E 154°E 162°E 153°E 154°E
Longitude Longitude

Queensland

Government




Validating the data

30

26508

20

2708

e Ensure observations and modelled data are
 Spatial resolution

e Temporal resolution

27505

Latitude

* Quantifying performance:
RMSE — \/{Z" ({model}; — {obs}i)z} o @
i=1 n
1 " {mOdel}l — {Obs}l _ | 151.‘5:E 152I:E 152.I5:E 153::E I
MAPE = {nzi=1 tobs), X 100 s
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Spatial Averages

TMIN

26.50S I

26.605

. * Average of cut raster considers all
cells

* terra::extract weights the mean by
the area within the shapefile

26.708

Latitude

16

26.80S

* More precise results, especially for
I smaller shapefiles

T T T T T T
152.62E 152.72E 152.80E 152.97E 1532E 153.12E
Longitude
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What does your data look like?

* What are the final bioclimatic indicators?
* How are they changing over time?

* Do these changes make sense?
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Final tips

There’s a lot of data available. Think about the question you’re asking and what you need before
getting the data.

Always check your units

Plotting is a good way to check your data to make sure the numbers make sense

Calculate ensemble average at the end!

If you work with python and R — the indexing is different!
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