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Urban-rural differences in longwave
radiation — todz case study
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The physical processes leading to urban-rural differences in
longwave radiation are well understood, but there is a limited

number of publications which gives quantitative information on
the differences.

The aim of this work is to estimate urban-rural differences of
longwave radiation components in tédz, central Poland.




Parameters: L{,, L and L*

Sites:

Period:

Sensors:

Frequency:

Loggers:

Lipowa — urban
Annostaw — rural

the 3 years of continuous measurements
(2011.11.01 — 2014.10.31) at two sites

CNR1 (Lipowa — urban site),
CNR4 (Annostaw — rural site)

5 min

Campbell Sci.



Measurement sites

Wiskitki

= 0

Zyrardow
[14) Uchan Dolny )
Domaniewice e hiew (70] BudyGrébfkiq; 4 Radzie
Lyszkowice Bolimowski Park Mszczonov
Krajobragpwy
Makiny Skierniewice )
I.__ r - |m / Y . \__’?,K/J
: [ & -?":_-_ ’55/
- i / ' Nagawki Lipce StargSiowiska _ /v
S Vi A REEnC : Reymontowskie Koww:;y et
Sasnc-wuec A o
14 Kolacinek Byezxl Zelazna
Zgierz Al U
A
Aleksandrow 14] .. Eﬂ/ By
Lodzki Eagow esdw / 0883, giala Rawska
172 @ Brzeziny 72 V4
I-(orgdpnlca
. Rochna ia Hawa
Konstantynow [4 o Maz?’w'ecm Regné
todzki P ki:sc::?eln Koluszki Podlas
y y Czechowice
(E7S | Zelechlinek Zielone 'I Clet Kalert
m B alen
KSawerow =
PaMrpan |Sl'te Broke Rokiciny-Kolonia Rural SIte
S
b By -
‘+6dz, Lipowa 81 str. Annosfaw r
Popielawy 4 Roszkowa ™
208 m a.s.l. 10 knaezynki Lebocpia Eh-pm. i ’
f Z o ) »” ’ »”
o I} 7 o ) ’ . \gZarnocin
51°45'45” N, 19°2643" E L, 19 2010w

Konewka

Baribarswariscs



Measurement sites




Methodology

Because of site distance (65 km) the urban-rural
differences were analyzed in two ways:

= Differences in statistical measures (differences between
mean values and percentiles — first we calculated mean
daily courses in months and then compared statistics at
both sites; the same for percentiles)

= Differences in selected cases of clear (L*> 90t
percentile) and cloudy (L* <10t percentile) situations
(first we calculated the differences between two sites
for the selected cases and then analyzed in statistical
way).




Downward radiation

Daily course of L{, in months in £tédzZ (urban site)
Raw data (dots), mean values, absolute maxima and minima, 2, 10, 90 and 98 percentiles.
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Downward radiation

Daily course of L{, in months in Annostaw (rural site)
Raw data (dots), mean values, absolute maxima and minima, 2,10,90 and 98 percentiles.

600 I T T T T 1 1 | | |
raw Annostaaw
minimum
550 2% pret
mrerenenen 10% pl‘Ct
500 |- =mean |
SYTIIIIII goo/o prct
e 98 % pret
450 I-| ——— maximum
f}l,_‘
€ 400 -
=5
c
g 35
O
=
300 |
250 ¢
150 I =S | L L 4 : : l l
Dec




Downward radiation

Daily course of L{, in months in Annostaw (rural site) and in £6dz (urban site)

Mean values, 2 and 98 percentiles.
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Downward radiation

Daily course of Ld, ,~L{, , in months.
Differences between mean, 2% and 98% percentiles for urban and rural sites in absolute units
and in relation to urban values.
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Downward radiation

Daily course of Ld, ,~L{, , in months.

Differences between mean, and mean differences in cloudy and clear situations for urban and
rural sites in absolute units and in relation to urban values.
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Downward radiation

Daily course of Ld, ,~L{, , in months.
Differences between mean, 2% and 98% percentiles, and mean differences in cloudy and clear
situations for urban and rural sites in absolute units and in relation to urban values.
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Upward radiation

Daily course of L] in months in £t6dz (urban station)

Raw data (dots), mean values, absolute maxima and minima, 2,10,90 and 98 percentiles.
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Upward radiation

Daily course of L] in months in Annostaw (rural station)

Raw data (dots), mean values, absolute maxima and minima, 2,10,90 and 98 percentiles.
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Upward radiation

Daily course of LI in months in Annostaw (rural site) and in £6dz (urban site)
Mean values, 2 and 98 percentiles.
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Upward radiation

Daily course of LT ,~LT* , in months.
Differences between mean, and mean differences in cloudy and clear situations at urban and rural
sites in absolute units and in relation to urban values.
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Longwave radiation balance

Daily course of L*=LM-LJ, in months in £édz (urban site)

Raw data (dots), mean values, absolute maxima and minima, 2,10,90 and 98 percentiles.
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Longwave radiation balance

Daily course of L*=LM-LJ, in months in Annostaw (rural station)

Raw data (dots), mean values, absolute maxima and minima, 2,10,90 and 98 percentiles.
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Longwave radiation balance

Daily course of L*=LM-LJ, in months in Annostaw (rural station) and in tédz (urban site)
Raw data (dots), mean values, absolute maxima and minima, 2,10,90 and 98 percentiles.
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Longwave radiation balance

Daily course of L* ~L*, in months.

Differences between mean, 98% percentile, and mean differences in cloudy and clear situations for urban and rural

sites in absolute units and in relation to urban values.
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Conclusions

The downward longwave radiation is about 20-30 Wm~=2 (average 28 Wm™2) higher in
the city with slightly pronounced maximum in summer.

No clear diurnal course is observed for L{ differences.

The differences in L, are higher in cloudy situations, lower in cloudless.

The differences in relation to LJ, at urban areas are at the level of 8-10% all over the
year.

The differences in L in clear sky situations varies from 30 Wm= in winter to almost
70 Wm=2 in summer, the similar differences are observed for mean values (average
43 Wm=2) with slightly lower maximum in summer (60 Wm=2).

In cloudy days L differences remain at the same level 30 Wm~=2 all over the year.

In spring and early summer L differences are higher in afternoons and lower in
early mornings.

The differences in L* vary from about 10 Wm=2 in winter 20-30 Wm= in summer for
mean (average 14 Wm=) and cloudless days.

In cloudy situations no urban-rural differences are observed.

Similarly to LI in spring and early summer differences in L* are higher in afternoons
and lower in early mornings.




