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Eddy-covariance sites in Poland

Pskowv
Boras Jtmkgping Kua‘kurgu —"—F/u\vah; as | Vo | ll-.ass
o} Q Vishy e e hoisala . |‘¢1
meidZemes
Goteborg Ventspis  Batbres Testroaty Aaknt
ﬁalgurﬂ OB Rzga L_at\fija
i
o (Latvia)
Ha',-:ésiarl K almar 4 . l
5 & Liepaja i . udza
Vl%m o Randers O - Jelgava N iy
Hoistebro o ﬂ,f_,h,ﬁ, Szekne
}-Fr_fur-q a Helsingborg /—’ : :
Aarhus c Siayliai Baugavpils
Kabenhavn Klaipéda " g
v} H Navapolack
cwe, Danmark - o el Lietuva |
a {Denmark) almé biafores’®. (Lithuania) pancx  Viciebsk
polgonas Teansis) (Ba lgﬁﬂ# ¥ artse
o e
A Kaliningrad Ragasty, \ G
Mnrm.nnm Flensburg ; omunmepat) ; VHI’SUS Orsha <
Shupsk Gdynia PR oy PO, Cpllih) Smolensk
o Marijafnpolé e i
Kiel ¥ darisk Barysad (Cronemcs)
o Koszalin Gdarisko ; (Bapsray)
Rcs{!ock o o k {ida Minsk ° Mahiliot Ros!
Lubeck * Elbl . ; Ma) (Mincx) (Marinéy) Pocn
har.iergtﬁn:o Kromvwald $ KQp‘:%‘t OWG‘J 20 {rq]n,r::a? o [o] 0
b R Police : ‘ &
Stade o Hamburg -IDRF..'—W.HI. o eapos Gmdg dr 5 >
i aranavicny
Bremen ucz R Biafystok onane) DENAPYCH o
. Gorzow (Belarus)  (Edspyie) et
i Ehints
Eibdeichhinterand Wuelkopulsku‘ Polska L R el A
i : { Poland ) Salihorsk inosk HOMyE! <
Hannover Spandaud mm n 2003P016nan E 4] Canliopcr) e (ToMens)
' Braund Annostaw 20118 seg=- e "
B'E"gfe'd Braunschweig ©Magdeburg W o

&
Mittlere Elbe

dor Deutschland

Oleipzig

{Germany} Chemnitz o Dresden
a 3 JT:H!I-;H
Frankfurt y bt 'S
am Main Praha T
o o
! prenaCeska republika
NI {Czech Republic)
o
%Isﬁruhe Bro
bou

o
g
o Stuttgart

Auagsburg

hods

Praus)

todz

ZOOO.I'.édz' 2005.5in

o
Mazyr
Masep)

Chernihiv
(HepHing)
Q

Lutsk -
Czestochowa Kielce (M) RiVNE g
] (Pinne rovary
OOP-D|E‘ OI ; Irpin 169 .‘g-‘u:nl
1 g} (o]
Kat%WIce \ Zhytomyr 4 N Kiev
& oKI’akOW Rzegzdhw Lviv (HuToMmmp) I:F:::&:Ir:c (Kwis)
©Strava Przemyst - - /e8ig) T | a oy
o oBielsko-Biala o o rarmoptl Berdydhiy o Cherkas:
I'|é1'lrgl'"l'hl Eepnas). _ -Dila Tserkva e _”y
Bina Ljerena) : ¥
Zilina  Tich® doknd o ey i -
ial Khmel'nyts'kyi ¢ Vinnylsya i
o * ﬂr*bsuu (KMEnsHIL ) (Baamun) y K pa iHA
Slovensko

[+]

(Ukraine)
(Slovakia) —Kosice

(s ]

( Chernivtsi



City structure and measuremen points
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City centre and measurement pomts
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Roughness length for momentum

~2.0m ~1.9m

z 0,Lipowa z 0,Narutowicza

(overall mean calculated from the logarithmic wind profile in close to neutral stratification :
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Zom = (2-24)-exp(-k-U/u.) )
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Measurement points
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Quality control — stationarity tests

AAAAAAAAAAAAA - all QH data

data approved by at last one test
data approved by all 3 tests

Three stationarity tests used in post-
processing data quality control:

RN, — the statistic proposed by
Foken and Wichura (1996) with
critical value 0.3;

NR — the non-stationarity ratio given
by Mahrt (1998) with critical value
NR=2;

RCS — the relative covariance
stationarity criterion, introduced by
Dutaur et al. (1999) and modified by
Nemitz et al. (2002) with critical
value RCS=0.5.



Diurnal course of the stability parameter
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Diurnal course of the stability parameter, {=z'/A, at Lipowa and Narutowicza
sites for the entire study periods. Lines from the bottom to the top indicate
5th, 10th, 25th, 50th (median — bold line), 75th, 90th, and 95th percentiles.
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Average diurnal course of Q, In seasons
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Diurnal course of Q,, at Lipowa and Narutowicza sites in seasons.

Lines from the bottom to the top indicate 5th, 10th, 25th, 50th (median —
bold line), 75th, 90th, and 95th percentiles.




Average diurnal course of Q¢ in seasons
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Diurnal course of Qg at Lipowa and Narutowicza sites in seasons.
Lines from the bottom to the top indicate 5th, 10th, 25th, 50th (median —
bold line), 75th, 90th, and 95th percentiles.
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Average diu

rnal course of energy balance components in seasons
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Average diurnal course of energy balance components in seasons

T 1 LI I L | T LI LI I T | L L

- L 1 I L 1 l 1 A1 I L L l 1 1 I 1 1 I 1 1 l A1 1
100 0 3 6 9 12 15 18 21 24
Time CET [h]
200 | I ] I ] ] 1
"E' Lipowa Q*
2 100 QH .
w | —_0Q |
(@] E
= -==-=—"==="@‘\==—-==.
ag 0
.-
& A i
- L L I L L l 1 1 l L L l L 1 l L L l L L l L L
100 0 3 6 9 12 15 18 21 24

Time CET [h]

300

200

100

-100

200

100

-100

T T l T T | T T [ T T '| T T | T T '| T T | T T
autumn

SON

Narutowicza -

1 l 1 L I 1 L l 1 1 I 1 1 I 1 1 I A1 1 I L 1
12 15 18 21 24
Time CET [h]

L] I L) L] l L] L] l L L) I Ll L] I Ll L I L] Ll I L] Ll
L winter Narutowicza -
 bJF il

PR B T N R A | M BT T T

Time CET [h]

L 'l 1 I Il
12 15 18 21 24

15



Qy as a function of Q*
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Sensible heat flux as a function of radiation balance plotted on the base of mean

diurnal course in months.
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Qy parameterization
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Integral turbulence statistics — normalized standard
deviations of wind components

Normalized standard deviations in neutral stratification:

Lipowa:
o,/u,=2.34+0.42, o,/u,=1.650.18, o,/u,=1.17 £0.08

Narutowicza:
au/u* =2.28 £ 0.20, av/u* =1.79£0.23, aW/u* =1.27 £0.09

Urban averages (Roth, 2000)
o,/u,=2.32+0.16, o,/u,=1.81%0.20, o,/u,=1.25%0.07

Rural references (Panofsky & Dutton, 1984)
o,/u,=2.39+0.03, o,/u,=1.92%0.05, o,/u,=1.25%0.03
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Spectral turbulence statistics — non-dimensional
dissipation rate of turbulent kinetic energy

Non-dimensional dissipation rate of TKE, ¢, is related to other universal functions
via normalised TKE budget (Kaimal and Finnigan 1994):

b~ 2L~ —¢,~9. =0,

where ¢ is shear production, —z/L is buoyant production, ¢, is turbulent transport,
and ¢, Is pressure transport. Common assumption, that a sum of turbulence and
pressure transport is negligible, leads to the simplification:

¢ =¢. —7/L,

which suggest the general form of the ¢, related to the better known ¢..
For exsmple takingg,, after Hogstrom (1990) :

@194, ¢ <0
(D”‘(;)_{lw.s.g . >0
_J@-19-¢)" ¢, ¢<0
q)g(g)_{ 1+38-¢ , ¢>0



Spectral turbulence statistics — non-dimensional
dissipation rate of turbulent kinetic energy
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Summary

The data from t6dz belongs to the longest eddy-covariance urban flux
measurements

The annual and diurnal courses of turbulent fluxes in tédz are typical for
urban areas: the turbulent sensible heat flux is larger than the latent heat
flux, Q, remains positive after Q* turns negative in the late
afternoon/evening due to release from heat storage, but it becomes
negative in significant number of nights.

The average fluxes on both sites are similar, which allow to assume that
results are representative for central part of city with similar morphology.

The hysteresis effect between Q* and Q;, allows to improve simple
parameterization of Q.

Both integral and spectral turbulence characteristics show applicability of
the universal rules worked out for homogenous flat surfaces at urban areas.






	Long term measurements of the �energy balance at urban area in Łódź, central Poland
	Foliennummer 2
	City structure and measuremen points
	City centre and measurement points
	Roughness length for momentum
	Measurement points
	Measurement points
	Foliennummer 8
	Foliennummer 10
	Foliennummer 11
	Foliennummer 12
	Foliennummer 13
	Foliennummer 14
	Foliennummer 15
	Foliennummer 16
	Foliennummer 17
	Foliennummer 18
	Foliennummer 19
	Foliennummer 20
	Foliennummer 21
	Foliennummer 22
	Foliennummer 23

