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What is special about these
stations?
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Climate reference stations: Parallel measurements

The early instrumental warm-bias: a solution for long
central European temperature series 1760-2007

Reinhard Bihm - Philip D. Jones . Johann Hiebl -
David Frank - Michele Brunetti - Mavrizio Maugeri Tim Legg
Hadley Centre, Met Office, Exeter

The minimization of the screen bias from ancient Western
Mediterranean air temperature records: an exploratory
statistical analysis

Manola Brunet.** Jesiis Asin.® Javier Sigré.* Manuel Baiion." Francisco Garcia,®
Enric Aguilar,* Juan Esteban Palenzuela,” Thomas C. Peterson? and Phil Jones®
& Centre for Climate Change (C3), Department of Geography, University Rovira i Virgili, Av. Catalunya, 33, Tarragona 43071, Spain
Climatic Research Unit, University of East Anglia, Norwich NR4 7TJ, UK
© Statistical Methods Department, University of Zaragoza, C/Marfa de Luna, 3, 50015 Zaragoza, Spain
4 Agencia Estatal de Me logia, Alicante Me 1 Observatory, C/Regidor Ocafia, 26, 03011 Alicante, Spain
¢ Agencia Estatal de Meteorologta, Galician Regional Meteorological Centre, C/Cancelifia, 8-15011 La Corufia, Spain
"Agmcm Estatal de Meteorologia, Murcian Regional Meteorological Centre, Avda. de la Libertad, 11, Guadalupe, 30071 Murcia, Spain
& NOAA's National Climate Data Center, Asheville, NC, USA

Review

Assessment of parallel precipitation measurements networks
in Piedmont, Italy

E. Acquaotta,*** S. Fratianni*® and V. Venema®

* Dipartimento di Scienze della Terra, Universita di Torino, Italy
Y Centro Interdipartimentale sui Rischi Naturali in Ambiente Montano e Collinare, Universita di Torino, Ttaly
© Meteorological Institute, University of Bonn, Germany

THE NATIONAL WEATHER SERVICE MMTS
(MAXIMUM-MINIMUM TEMPERATURE SYSTEM) — 20 YEARS AFTER

Nolan J. Doesken *
Colorado State University, Fort Collins, CO

Comparison of daily sunshine
duration recorded by Campbell-
Stokes and Kipp and Zonen sensors

The international surface temperature initiative global land
surface databank: monthly temperature data release
description and methods

1. Rennie'*, 1. H. Lawrimore?, B. E. Gleason®, . W. Thorne'~, C. B Morice®, M. J. Menne?,
M. Wiliams®, W. Garmbi de Almeida", J.R. Christy®, M. Flannery”, M. Ishihara®, K. Kamiguchi®,
M. G. Klein-Tank?, A. Mhanda'®, D. H. Lister', V. Razuvaev'®, M. Renom®™, M. Rusticucci”,
Tandy®, 5. . Worley™, V. Venema'®, W, Angel®, M. Brunet'"”, B. Dattore®®, H. Diamond?,

Lazzara', F. Le Blancg™, ). Luterbacher™, H. Machel™, ). Revadekar™, R. 5. Vose® and

1.
C
A
1.
M. A
X Yin®™?

Thermometer screen intercomparison in De Bilt (the
Netherlands) — Part II: Description and modeling of mean
temperature differences and extremes

T. Brandsma* and 1. P. van der Meulen
Royal Netherlands Meteorological Institute (KNMI), De Bilt, the Netherlands

MEASUREMENT OF AIR TEMPERATURE IN THE PRESENCE OF
A LARGE RADIANT FLUX: AN ASSESSMENT OF PASSIVELY
VENTILATED THERMOMETER SCREENS

EVYATAR ERELL"*, \-’j']'{'}l{ LEAL? and EDUARDO MALDONADO?
Jacob Blaustein Institute for Desert Research, Ben-Gurion University of the Negev, 84990
Midresher Ben-(Crurion, farael 2 Instituto de .Errgmrﬂrurf}.r Mecdnica, Rua Dr. Roberto Frias,

4200465 Porto, Portugal

Preliminary results obtained following the intercomparison of the meteorological
parameters provided by automatic and classical stations in Romania

Madalina Baciu, Violeta Copaciu, Traian Breza, Sorin Cheval, Ion Victor Pescaru
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Climate reference stations: Parallel measurements
= At climate reference stations, conventional observation are measured in
parallel to automatic measurement system

=> Air temperature, extreme temperatures, soil temperatures, pressure,
relative humidity, sunshine duration, and precipitation

DWD Climate Monitoring — 04/2017 4




What is special about these
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Schleswig
Hel%oland 10035

. Aachen 1891 2008 — 2011

Aachen-Orsbach 2011 2011 — 2014
= N Brocken 1881 from 2008

2 W Fichtelberg 1890 2008 — 2014
g Frankfurt 1949  from 2008

= Gorlitz 1881 2008 — 2014

Hamburg 1891 2008 — 2014

o g Helgoland 1881 2006 — 2013
Hohenpeil3enberg 1781 from 2008

Climate reference Konstanz 1941 2007 — 2012
reasrements (CRS 1 Lindenberg 1906  from 2008
Climate reference stations where Potsdam 1893 from 2008
o el (GRa e measuing Schleswig 1947 from 2008

% DWD Climate Monitoring — 04/2017 5
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Climate reference stations: Parallel measurements

>

= The aims:

=> Quality control of the measurements using these parallel measurements
(Identify the uncertainty of measurements devices)

=» Analyze the impact of changing measurement systems on the homogeneity
of long time series

=» Transfer of the results from the climate reference stations to other stations
In the measuring network (to advance homogenization methods for long
time series)

DWD Climate Monitoring — 04/2017 6




What is special about these
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Air temperature

= Conventional observation: mercury in glass thermometer in a Stevenson
shelter (most cases) read out at observing times (6:30 UTC, 13:30 UTC,
20:30 UTC)

= Automatic measurements: Pt100-sensor in a lamellar shelter LAM 630 (most
cases)

DWD Climate Monitoring — 04/2017 7
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Methods used for the analysis

= Differences: automatic minus conventional measurements at observing times
(6:30 UTC, 13:30 UTC, 20:30 UTC)

4 - quantile, s —quantileg ;s

> Filter outliers: differences > max( 1.349

, tolerance value)

DWD Climate Monitoring — 04/2017 8
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Methods used for the analysis

‘ there are many ways to calculate daily mean values...

L/ L/ L/ L/ L/ L/ / / /
0‘0 0‘0 0’0 0’0 0’0 0’0 0‘0 0‘0 0‘0

(00+06+12+18)/4

(05+13+21)/3

(04+10+16+22)/4 (Regensburg 1841)
(06+14+22)/3 (Prussia until 1886)
(00+03+06+09+12+15+18+21)/8 (GDR 1967-90)
(06+13+22)/3

(Tn+Tx)/2 (individual stations eg. Bonn)
(07+14+2*21)/4 (Prussia since 1887)

DWD Climate Monitoring — 04/2017 8
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Methods used for the analysis

= Differences: automatic minus conventional measurements at observing times
(6:30 UTC, 13:30 UTC, 20:30 UTC)

4 - quantile, s —quantileg ;s
1.349

=> Filter outliers: differences > max( , tolerance value)

= Daily means:
1. Traditional equation:

. ~ Toe:30 + 113:30 + 212030
mean — 4

2. Arithmetic mean over 24 hourly values (only possible for automatic
observations)

DWD Climate Monitoring — 04/2017 8
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Air Temperature (at observing times)

Mean = -0.02

S | B— = Differences from all climate reference
o ~ n=99200 stations were used
p— = Mean is close to zero, standard deviation

@ QA 255?%_%1 IS small
s © | 75% 0.1
§ f 100% 2
g © = Comparing the different measurements of
£ o n temperature at observing times, the

° N differences are small

S =>We do not expect an artificial

.l

| | \ | | | |
-15 -10 -05 00 05 10 15

Differences of air temperature

in K at observing times .
Kaspar et al. (2016), doi:10.5194/asr-13-163-2016
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Relative frequencies

0.10

Air Temperature (daily mean)

0.20 0.25 0.30

0.15

0.05

0.00

Mean = -0.03
Standard deviation = 0.15

n = 35559 ] Ta obs.time

L

-15 -10 -05 00 05 10 15

Differences of daily mean temperature
in K calculated with measurements
at observing times

- Tm obs.time

Relative frequencies

0.05 0.10 0.15 0.20 0.25 0.30

0.00

n = 35559

e = All stations

Standard deviation = 0.52
= Left:
Tauto 24h mean similar to the
— T'manual obs.time results at observing
times

= Right:
standard deviation
IS more than three
times as large as
N left
BUT: the mean
value is small

-15 -10 -05 00 05 10 15

Differences of daily mean temperature
in K calculated with

different methods .
Kaspar et al. (2016), doi:10.5194/asr-13-163-2016

DWD Climate Monitoring — 04/2017 10



Deutscher Wetterdienst

What are the impacts of changing the
measurement SyStem? Wetter und Klima aus einer Hand u

Extreme Temperature (20:30 UTC to 20:30 UTC)

Standard deviation = 031 Standand deviation = 031
R - 8 - = All stations
S |n=32637 p S | n=32562
] = The automatic
m - . system measures
g S| I g S| . in average cooler
5 g temperature values
g, AL g, § than the
g ° | 5 ° | I conventional
- - observations
S S 4 = The standard
deviation of the
M differences of daily
= = extreme values is
15 10 -05 00 05 10 15 15 10 -05 00 05 10 15 larger than at
Differences of measured daily maxima in K Differences of measured daily minima in K observing times

Kaspar et al. (2016), doi:10.5194/asr-13-163-2016
DWD Climate Monitoring — 04/2017 11
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Temperature maxima (Potsdam)

n = 2887
o
—_ 1 0.99 0.54 067 0.6 0.5 0.53 0.63 D.E-Z 0.99 0.97 094
o} o . )
0 | . Q - —G—I ! ! - g ] o
X o o ! ! ' ! : o
= —_ —|—.. ' [ ! 1 ! | —— — ! ' _ ' !
1 1 1
@ | L | | | I | ! '
o ©9© [ | | | | | ' ' : [ [ | | | | | |
S o | n - : ' : ! 1 n 1 |
E : —_ —_ o —_ | —_ :
E 0 — O o — ! o 1 ' 1
T o o — o — o
Q S - o o o o o
1 o]
=
—_
1

T T T T T T T T T T T T
01 02 03 04 05 06 07 08 09 10 11 12

= Annual cycle in the difference time series

=» Reason:
= radiation effect in the lamellar shelter LAM 630

=» Station positioned on a mountain mostly do not use this kind of shelter and do not

show an annual cycle in the differences (e.g. Fichtelberg)
Kaspar et al. (2016), doi:10.5194/asr-13-163-2016
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Lamellar shelter LAM 630

= Comparison of sensors which are at Position
1,2,3 show higher temperature at the south-
east (3) position during midday

SR
@@

N
|
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Deutscher Wetterdienst
Wetter und Klima aus einer Hand

Differences of daily temperature maxima

= Potsdam
until
15.03.2016
n = 2565

@
@@

= Potsdam from
15.03.2016

n =322 @
%D@

Differences in K

Differences in K

S
—

2
o

0.0 0.5 1.0 =10 =05 0.0

-0.5

-1.0

- 0.98 0.99 0.54 0.66 0.59 0.48 D.ﬁ._'-’ 0.6 077 0.96 0.94 091
(] —_ o} 'b o
s} . —_ —_
o —g— ! , —g— o .l o
— 9] . X o] o
8] 8] —_ 1 I —_— —_— —_— o]
| i [ ] | ] | | j | | &
1 1 1 1
| : : | ' ! ! I | | | T
I . : : : : I | ]
— [ — ; : S R R S—  — T
: : —_ —_ : (] 0 0 —_ 1 1 o
i 0 o o —_ o o o : : o
O [ (o] O O —l —_ )
- o o o D ]
I I I I I I I I
- 0.89 0.96 0.99 0.95 0.95 0.98 0.97 I:I.F_.iS 0.89 0.9 D.92
H i i :
b b b [ L ] L b b O
' : = | | : : . . .
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1
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Kaspar et al. (2016), doi:10.5194/asr-13-163-2016
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Soil temperature in 0.05, 0.1, 0.2, 0.5, 1 m depth

= Manual observations: = Automatic measurements:
mercury in glass thermometer PT 100 sensors attached on

= Scale interval: 0.2 K a stainless steel framework

= Maximal allowed deviation of
sensor: 0.1 K

DWD Climate Monitoring — 04/2017 15
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Soil temperature (0.05 m Depth) at observing times

Mean = 0.18

° ] BE— = Automatic measurements are 0.18 K
. | n=66041 warmer than manual observations
o 29 = Large standard deviation of 0.62 K
o 25% -0.1 ) ]
8 37 - ool = Reason: annual cycle in differences
§ ] 100% 2.9
g o |

Differences of soil temperature
in K at observing times

DWD Climate Monitoring — 04/2017 16
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06:30 13:30 20:30
I 1 I

Soil temperature (0.05 m Depth)
2 I n = 6383
= Mean differences split in observation time, g | N = 9064
season, and station i
: . . 3 _
= In most station larger differences at midday - n =062
and in spring/summer £ N = 5783
g - n=7243
=>» reason: to be further analyzed )
5 n=7905
2 n = 7844
§ . n = 8004
o n=2395
02 02 05 1 15 inK &7 n=4324

! I I I I I I I I I 17

1
MAM SON MAM SON MAM SON
JJA  DJF JIA DJF JJA DJF




-1

| L L |

-0.5 -0.2 0.2 0.5

|

1 1.5

in K

Deutscher Wetterdienst
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15000 3 4466 3987 3015 2290 1975 1684 1420 1358

2712

0.05 m depth

06:30
I

13-30 20-30 06:30 13:30
1 !

0.1 m depth

20:30
1

0.2 m depth

06:30
1

13:30
1

0.5 m depth

20:30 06:30 13:30 20:30
1 1 1

1
11

T T T T T T T T T T 1
MAM SON MAM SON MAM SON
JJA  DJF

JJA DJF JJA DJF JJA DJF JJA

MAM SON MAM SON MAM SON'
DIF JJA DJF

T T T T T T T T T T T T
MAM SON MAM' SON MAM SON' MAM SON MAM SON MAM SON

JJA  DJF

JA DJF JJA DJF JJA- DJF JJA DJF JJA DJF
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Relative Humidity

= Manual observations: = Automatic measurements:
psychrometer (mostly in a HMP45D, Hygromer MP100,
Stevenson shelter) at EE33 (mostly in a lamellar
observing times shelter LAM 630)

= Resolution in database: 1% = Resolution: 0.1 %

T

DWD Climate Monitoring — 04/2017 19
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Relative Humidity

o Mean = -0.02

@ Standard deviation = 2.58 . .

° =» Differences from all climate reference

n = 94473 )
o stations were used
- pE——— = When averaging over all available data,

s 8 o 0 the differences between the
g | 100w 124 measurement systems seems to be small
g o

| | | | | | |
-15 -10 -5 0 5 10 15

Differences of relative humidity
in % at observing times

DWD Climate Monitoring — 04/2017 20
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Relative Humidity (Lindenberg)

Differences in %

Differences: automatic - manual

] Metadata of automatic sensor —— Metadata of manual instrument DI’IftS
o~ E JIIMLNLIA M ‘ | HLMWHVL ; n,. s ) rl-hl Il Tk m“ "
" W—m” s WWT 1'” I '”“T |||\ T"M’m,ﬂ i ’r'
©

| | | | | | | | |
2009 2010 2011 2012 2013 2014 2015 2016 2017

time " HMP45D ' EE33
BUT: Looking at the difference time series, trends are visible which are caused

by the automatic sensor settings
(for example in Lindenberg)
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Temperature sensor (T)

Relative Humidity EE33

Humidity sensor
= relative humidity > 76 %: with heating

heating starts system (H)

=» Calculation of dew point with
Integrated temperature sensor

=» Calculation of relative humidity
with separate temperature
sensor

00
oo

—
\
—
\
\
\
—
—
\
—
—

DWD Climate Monitoring — 04/2017 22



What are the impacts of changing the

measurement system?

Temperature in K
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(2]

Relative Humidity EE33

Lindenberg 2016-03-17

I I I I
03:00 09:00 15:00 21:00

Time

relative humidity

Sunshine Duration in h

Relative Humidity in %

Lindenberg 2016-03-17

- EE323
= HMP45D
= manusal

olo
ole

0.10

Sunshine Duration in h

T
0.05

T
0.00

I
03:00

! I
09:00 1500

Time

I
21:.00

= Overestimation of temperature at position 3 leads to an underestimation of

DWD Climate Monitoring — 04/2017 23
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Relative Humidity (daily mean)
= The differences of

§ - Smnd?;ageiianﬁgﬁ: 1.82 § - Standr:r?jage':.ria[ii;r:= 334 the hlstograms left
and right are
RH . —RH : RH gut0 24h mean _
g | T @obstime mobstime ¢ _RH . smaller than in the
o _ o manual obs.tim )
1 comparison of
_ | n=33493 _ | n=33493
g 81 g 8- temperature
g = sensors
T w0 g w .
g o | 2 o | => Itis advisable to
°© ° i calculate the daily
9 | 9 mean with the
° ° h}k same formula
e [ [ [ [ [ I 1 e [ [ [ [ I [ ]
-15 -10 -5 0 5 10 15 -15% -10 -5 0 5 10 15
Differences of 'Elail‘_nfr mean relative humidity Differences of daily mean relative hleidiT‘;'
in % calculated with measurements in % calculated with
at observing times different methods
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Pressure

= Manual observations:
mercury barometer at observing times

= Measurement uncertainty: 0.3 hPa

=» Reading accuracy: 0.1 hPa

= Automatic measurements:
digital barometer

= Measurement uncertainty:
0.15 hPa

=» Linearity: 0.1 hPa

=» Calibration uncertainty:
0.07 hPa

=> Hysteresis: 0.03 hPa

DWD Climate Monitoring — 04/2017 25
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Pressure

Relative frequencies
0.15 0.20 0.25 0.30

0.10

0.05

Mean = 0.03

Standard deviation = 0.24

n=97763

0.00

-2 -1

Differences of pressure
in hPa at observing times

] 1

[

Relative frequencies

0.05 0.10 0.15 0.20 0.25
1

0.00

0.30
1

Pauto obs.time

—P manual obs.time

Mean = 0.04
Standard deviation = 0.21
n = 35056
I T T T 1
-2 =1 0 1 P

Differences of daily mean pressure
in hPa calculated with measurements
at observing times

Relative frequencies

0.25 0.30
1 1

0.20
1

Pauro 24h
- Pmanual obs.time

Mean = -0.07
Standard deviation = 0.88

n = 35056

0.10 0.15
1 1

0.05
1

0.00
1

2 - 0 1 2
Differences of daily mean pressure
in hPa calculated with
different methods
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Sunshine duration

= Manual observations: = Automatic measurements:
Campbell-Stokes SONIle

DWD Climate Monitoring — 04/2017 27
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Sunshine duration

Mean = -0.16

S ] Siendere.deviation = 084 = Automatic instrument measures less
8 {n=231856 sunshine (mean)
o =» Standard deviation is large
8 o2 2 Distribution not symmetric
5 & - 50% 0
=3 © 75% 0.1
= 100% 2.3
& i
o | > Reason:
uncertainties of manual observations in
S 4 cloudy conditions cause annual cycle in
_ time series of differences

(mostly overestimation; see Legg, 2014)

Differences of daily
sunshine duration in h
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Sunshine duration (Schleswig)

Differences: automatic = manual

é g I" it M unﬂimuhwmu m mm_m Ll “me MMML%,JLJJLM’
W

|
2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

time

DWD Climate Monitoring — 04/2017 29




Deutscher Wetterdienst

What can we learn from parallel %
measurementS? Wetter und Klima aus einer Hand N ‘

Outlook

= Breakpoint detection by using parallel measurements
=» Differences of air temperature at observing times (station Brocken)

. Differences: automatic - manual
S -

= = umiseg monthly snht trend test beginning Metadata of automatic sensor
= = uniseg daily + = snht trend test end = Metadata of manual instrement

1.0

..L-lul LL|hL|jJJn.I|IH. N ‘ v ‘I l.l.l. o b, ||..|..I. ‘.J. l S e
||""1

Differences in K
0.0

-1.0

Sensor defects

o
t;d - [ I I [ I I I I I

2009 2010 2011 2012 2013 2014 2015 2016 2017

time
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measurements?

What can we learn from parallel ]

Outlook

= Monitoring
observations using
parallel measurements

= Brocken:
Differences of pressure
(top) and SNHT Trend
Test Score (bottom)

etterdienst

®

M etad ata aus einer Hand
Calibration of — information of = _
manual barometer [] digital barometer orrection
= \ factor was
o | modified
E E 7 IR | | f|
3 ‘ Irl".l |‘| Y Illllll‘\l ,'.I I.'I',u ,-Ja i '!l | “
‘r.u g - N I|' t\li.-H-" | 'l f ) AN ]
E ILJI| '-,'r\lll\ll, '|||| |||f\4| || /'I Ir"|| II,.’I,I |'. ".I ll"l, | ||I N‘l PJ‘ NV '.I,-'||“II
o | k | l"q'l C ||||| |I|I V
o |
| | | | | |
Sep Oct Nov Dec Jan Feb
\
3 - \
\
% g N \\
\
5 - _ N
- = x\x
| | | | | |
Sep Oct Nov Dec Jan Feb
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[What can we learn from parallel

Deutscher Wetterdienst

measu rementS? ] Wetter und Klima aus einer Hand E

Summary

>

>

Air temperature at observing times:
mean of differences close to zero, standard deviation small

Extreme temperatures:
annual cycle in the differences due to radiation effect in the lamellar shelter
(temperature maxima)

Soil temperatures:
annual cycle in the differences, reason unclear

Relative humidity:
drifts partly over several months, radiation effect of lamellar shelter

Pressure: small differences

Sunshine duration:
annual cycle due to the reading accuracy of the manual observations
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Summary hank you for your attention

>

>

Air temperature at observing times:
mean of differences close to zero, standard deviation small

Extreme temperatures:
annual cycle in the differences due to radiation effect in the lamellar shelter
(temperature maxima)

Soil temperatures:
annual cycle in the differences, reason unclear

Relative humidity:
drifts partly over several months, radiation effect of lamellar shelter

Pressure: small differences

Sunshine duration:
annual cycle due to the reading accuracy of the manual observations
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