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MOTIVATIONS

Why study exposure bias?

Exposure bias contributes
significant uncertainty to
long instrumental
temperature records which
are vital to the study of long
term climate variability and
change.

Markedseasonal contrast,
combined with little summe
warming, Is evident in the
early GIoSAT instrumental
datac is this real or the
product of bias?
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w2 North Wall/Window exposure

EXPOSURE BIA

What is the exposure bias?{ill 5
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Prior to the widespread
adoption of the Stevenson
screen in the latdd 9/ Montsouris
early-20" century, multiple (French) Screen
approaches were taken to
protect thermometers from
solar radiation.
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used in the £
Tropics |+

A few examples are given
on the right (the Stevenso
screen is pictured in the
top-right image).

Image sourcéclockwise): Bohm et al., 2000ewin 2010,Parkey 1994;Brunet et al2006
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Ways thermometer screens can influenc -

temperature readings
Each approach to protecting

(exposing) thermometers brightness Jiation
. \
influenced the temperature temperature <cattered 12
reading differently. When direct
Stevenson screens were radiation
subsequently adopted, this cloud cover % wind
introduced a bias into the \ ;
station temperature record. sensor § 5 —
size \ o —

. 1 T T screen —  —
_Statlons within regions ofte temperature X\ 5
Introducednewscreens T —

. t
simultaneouslyon unknown diation scattered
dates) makinghe bias hard
to identify and correct using soil
albedo

traditional methods (e.qg. temperature

neighbour comparison).

Image: VictoWenemagvariablevariability.blogspot.com)
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APPROACH

As traditional
homogenisation methods
are often ineffective for
addressing the exposure
bias, we are trialling an
alternative approach.

Our approach to identifying
the bias is to:

1. Better characterise the
exposure bias using
available data
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Analyse the results of parallel
measurement studies

Analyse stations
with known data of
screen change

1.

Characterise
Exposure Bias

Is the magnitude of the
bias influenced by climate
or location?

Analyse exposurBias
adjusteddatasets

Does the bias
have a seasonal

cycle?
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APPROACH

Is the bias supported by the Compare instrumental
Our approach to identifying station metadata’? data to proxy
the bias is to: reconstructions
1. Better characterise the
exposure bias using Breaknoint 2. Compare
i reakpoin - .
WEllElle eklE detection I_dent'fy Blas instrumental data
2. Use the characteristics in the Data with reanalysis

identified in step 1 to
identify possible exposure
bias in the instrumental
data

Does the bias fit with the
characteristics of the
exposure bias identified
In step 1?
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APPROACH

Adjusted datasets

Parallel
e t
Our approach to identifying MEeasUrements
the bias is to: 1. Seasonal cycle
' Stations with known ch teri Diurnal cycle
data of screen change aracterise
1. Better characterise the Exgpsure etadata Comparison with
exposure bias using 1as proxy data
available data / \ |
3. 2. (.:omparlson.
2. Use the characteristics Refine | Identify with reanalysis
identified in step 1 to Error 'é’lfr‘;‘g‘t’: Bias
identify possible exposure Model Breakpoint_— \
bias in the instrumental detection
3.
data Fit with identified Impact
3. Potential to improve the characteristics?
dataset error model?

Impact?
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1. CHARACTERISHE EXPOSUBRAS

The following slides outline some preliminary results of the work
we have been doing in Step 1 of the study




w Locations of Parallel Measurement Studies*

Parallel Measurement Studi wEE <
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Parallel measurement ﬁ_ ﬁ%m

. . R ~
studies- where readings are R\T
taken in 2 or more exposurcgm o ’

In parallel can give an ~
Indication of the features of
the exposure bias.

/]

In the following slides we
examine thelifference
between readings recorded

e
T 2l

e

7\ y { LII é @ S y é 2 y .l s SS-Glaisher (Open) SS-Summerhouse (Closed) ey
. e SS-Montsouris (Open) e SS-Wild Screen
SCreens (_e'g';IaISher | e S5 - North Wall/Window ¢ Thatched Shelter (Intermediate)
I\/I O ntSO u rls N 180°W JZUl“W EULW [:" BO°E 120°E 130°E

Study locations are displaye
In the figure to the right *Locations of studies for which data has been obtained for this piece of work, thus far.
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Difference between the thermometer
reading inthe Stevenson screen and the

1. CHARACTER

G 2 LISkéén

Steven§oncsreen mjnusﬂ _ Stevenson Screen minus Open Screen
d 2 L'JS y é é- O N'B S s )‘ﬂTmax ATmin ATmean ADTR
Stevenson screertends to 10 | |
read cooleTmaxand 5 oS - [ ] ] ] ] |
warmerTmind K |y 3 00 ' ]HHH HH
screens g 705 ‘ ‘

L -1.01 ] ]
There is a cleaeasonal g -15)
cycle to the bias (except in =

1234567 89101112 12345678 9101112 1234567 89101112 1234567 89101112

The biass greatest imMmax Month*

and DTR ’ but can leaddo Data sources: Adelaide Observatory Yearbomksiiller 1978; Ellis, 189Gastey 1882; Gill, 1882; Greenwich

) i Observatory YearbooKdargary 1924; Mawley 1897; SDATS/AEMET (Brunet, geram3g
monthlybias inTmeanof

up to 1.1°C.

*Monthly data for the Southern Hemisphere studies has been shifted 6 months so the seasons align
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1. CHARACTER s S

\ Moruya Heads, NSW, Australia
Sations with a known date 20 , 15 ,
of screen change . \T\AIAM Mean 14, JJA Mean
When we know the date a [EEEEVESIPRPT WO 18] 131 lf""w.l "
Stevenson screen was ~ priorto change 17 12{ WA if giavll
introduced at a station, as [ _ 2 e nl VY |
well as the previous methog g 15 {Difference # 0.30 10 .Difference =F 0.24
of exposure, analysis Of thclEEYEPRIRpSPIIpees *g . N
period pre & post postchange & SON Mean " DJF Mean
introduction may give us an TR G 17 i 1] i
indication of the 16 20
characteristics of the - AN - i
exposure bias. | |

The difference in the mean level 4] 181 ;

may be represemative of th/l;SDﬁlfferencelgrﬂg-l5 1928 188Déﬁerenci;02-52 1928

For example

exposure bias, assuming no change
would have occurred otherwise Data source: Linden Ashcro
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1. CHARACTER

Mean level 20 years Mean level 20 years
Perf ing th postchange - prior to crlange o
eriorming the same (Stevenson screen) 6a2LISYyé aAONBSyoO

analysess on the previous
slide, across multiple ATmax ATmin ATmean ADTR
stations, gives the data to 2 - - -
the right. Thedata is noisy, s | .
but shows similar features tiags _"“\\//\M |
the parallel measurement JE \\/\ K £
studies: g \/\\/’ Wi/

g -2 |
On average, Stevenson

_3.
screens tend to read cooler
Tmaxand warmerfminthan 123456789101112 12 3 456789101112 123 456789101112 123 456 7 8 9101112
G2LISyé¢ aONBS Month®
—— M. Brunet (Spain) L. Ashcroft & Australian Bureau of Meteorology (Australia)

Mean bias in monthlymean
as large as°C inApril

*Monthly data for the Southern Hemisphere studies has been shifted 6 months so the seasons align
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Open Screen -

1 CHARACTER Magnitude of Tmean bias vs. Temperature

0.50 Clear relationship between
) : temperature and the magnitude of
Is the magnltUde of the bias 0.25 __— the bias in botifmaxandTmean
influenced by temperature? G 000 \
The plots on the right show RtEEE Open Screen -
a clear relationship betwee iy Magnitude of Tmax bias vs. Temperature
the temperature recorded | 0.3
: —0.751
(in the Stevenson screen) o
and the magnitude of the ~1.007 '
difference between the 5 5 10 5 2/ % 30 9 -0s
Stevenson screen artioe Tmean (°C) x
a2LLEISYa ONBSY 5—1.0-
Warmertemperature= Relationship suggestsarmer recorded —1.51
larger bias temperatures lead to a greater magnitude .
of bias when comparing Stevenson and ~2.0{ —— r=-0.73, slope=-0.06 X
a2llSye aONbBSyaod 6 5 10 15 20 25 30 35

Tmax (°C)
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1. CHARACTER

Is the magnitude of the bias
influenced by location?

The plots on the right
suggest latitude may have ¢
Influence on the magnitude
of the (Tmear) bias-
especially in spring and
autumn- however the
relationship is not strong
enough to draw any firm
conclusions.
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ATmean (°C)

ATmean vs Latitude: Stevenson Screen - "open" screen

—— Dec{jun), r=0.48, s=0.03,

g

| — Jan{jul), r=0.4, s=0.02,

Feb{Aug), r=0.39, 5=0.02,

M. B ;0.

Mar(Sep), r=0.55, 5=0.03,

| — Apr(Oct), r=0.48, 5=0.04,

| — May(Nov), r=0.18, s=0.01,

g

[t

Jun(Dec), r=0.39, s=0.02,

Jul{jan), r=0.39, 5=0.02,

Aug(Feb), r=0.33, 5=0.02,

Sep(Mar), r=0.53, s=0.03,

Oct(Apr), r=0.58, 5=0.03,

| 3 o ".

Mov(May), r=0.52, s=0.03,

S0 375 400 425 450 475 500

330 375 400 425 450 475 500
Latitude

0 375 400 425 450 475 500
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1. CHARACTERISE THE EXPOSURE BIAS

Summary: Stevensatreenvs. 2 LISya G | Y R &

A Thermometers exposed in Stevenson screens tend to read cooler maximum temperature
(except in winter) and warmer minimumperatures than open stands

A The bias is mostvidentin the maximum temperature and the diurnal temperature rauje
the variables studiedjut canbias the mean by as muchh$/C

A There is a cleaeasonal cycle to the bias

A There is strong evidence thamperatureinfluenceshe magnitude of thdias, but
Inconclusiveevidence of a relationship between latitude danhd magnitude of théias
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Stevensoscreens tendo read warmer

1 . CH ARACTERIS Tmaxthan a North Wall / Window exposure.

This is likely due to the greater height of the
thermometer in the latter exposure

Stevenson screen minus \ Stevenson Screen minus North Wall/Window Screen

North Wa" /Window ATmax ATmin ATmean ADTR

exposure . | _ _ ‘

. . _15; 1 1 1 ]

The previous slides focuse (EEEEEES ] ‘ l . . . ‘ ] ‘ ‘ ‘

on the comparison betweerfERS IR | T 1 || | ‘ |

(Gspsyazy Iy RS ‘ ‘ H\HNHH

screens. The next two slidejiills :Z : ‘ ‘ ‘ ‘ { ‘ :

glivea comparison between . _ _ _

Stevenson screens and 1234567 89101112 123456 789101112 1234567 89101112 123456 789101112

other common exposures, e e \

for information. > North wal  Window exposure. This is fkely Although the bias imasand Tinare
due to the thermal influence of the building _opposite to the previous comparison
keeping the thermometer warmer at night gAUK a2liSye aDNBISY a2

similar, and retains a seasonal cycle
(WwhenTmean= Y2 max+Tmi))

Data sources: Butler,d; Chandler, 1964; Chenoweth, 1992;: Marrit879;VedrattanJournal
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Stevensoscreens tendo read

MFUS coolerTmaxthan thermometers

exposed in Summerhousesimilar
G2 &2 LSy élthdught® Sy &
Stevenson Screen minus magnitude of the bias is smaller

\ Stevenson Screen minus Summerhouse
Summerhouse ATmax ATmin ATmean ADTR
0.751
0.501
g 0.25] ] ‘ -
g 0.00 ] 1 { {‘
'HHHH]H it | IIJUM
£ —0.50- 1 ]
ko
—0.751 1 1
—1.00 |

1234567 89101112 1/2 3456789101112 1234567 89101112 12345678 9101112
Month

Variable difference ilfimin

As inthe previous slide§mearis biased
warmerin comparison to the Stevenson screen,
especially in the summer months.

Data sources: Adelaide Observatory Yearbooks; Marriott, 1894
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2. IDENTIFYHE EXPOSUBRRAS

Usingthe characteristicglentified inStep 1we next look at how we might identify possible
Instances of exposufk®as in the instrumentalata, using a combination of
station metadata and comparator datasets, for a long station record in Germany.

CASE STURBERLINDAHLEM STATION, GERMANY
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2. IDENTIFY

20CRv3 Reanalysis

20CRv3 Reanalysis is
Independent obbserved
landtemperature data and
can therefore be used as a
comparatordataset (where/
whenthe data is considered
to berepresentative).

The plot on the right shows
generally good correlation
between the 20CRv3
reanalysis ensemble mean
and the instrumental data,

meaning it may be useful as

a comparator in this study.
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Hash= significance (p<0.05).

AN

20CRv3 Reanalysis: Slivinski et al., 2019
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