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Abstract

Examples are given for atmospherie input patterns in the area of the German Bight in
. .

a high temporal and spatial res<?lution. Total NOx and 802 input are calculated for
a diurnal eyde by use or a thrce-dimensional atmospherie mesoscale model. Chemi-,

, , '. . ~. .
.cal transformation a!1d wet deposition processes have been neglected for simplification.
The modeled meteorological situations are representative for some typical i'eather con':

, .....

ditions in spring, when the growth rate of the phytoplankton is at its maximum and
the inco'ming short' wave radiation is only minimally reduced by douds.

Thc model iesults show that thc calculated input' does not always linearly decrease from
the coastline. The main input is elose tothe coastline but there are local maxima also
further from the coast over the water..They are caused by emittant distribution, as .
weIl as diurnal variations in the wind field, in the dry deposition over land and \~'ater,

• ' and in the effideney of vertical exchange processes.

1 Introduction

.Atmospheric ini>ut ean make up more than half of the total input of eontaminants into
the ocean (e.g. Sündermann, 1992). rhe~efore, kno,wledge of the input amounts as weIl
as ~f local atmospherie input' patterns is ~ssential for studies of tracer transport in water
and tracer uptake by suspended matte'r and plankton. For studies of local phenomena
in the ocean or of tbe ecosystem, the temporal resolution of the input values should be
ci. few hours at most, thc spatial resolution a few kilometers.

. ..
Up to now, most of the available input data consist of temporal and regional means.
They are often bascd on results from lang-range transport models which can be' u~ed
for t~e estimation of the atmospherie input in time intervals of months and for regions

iud
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2 Local Atmospheric Input Patterns in the Germim Bight
, .

of afcw 10000 km2 (sec c.g.' Sehlünzen arid K~ell, 1992).' Loeal input values eannot bc
derived frofu lang-range transport models but eomparatively easily from measurements
duc to 'their loeal nature. HO\"cver, it is diffieult to extend thc ';"alidity of thc meaSured
values ovcr other areas and over water. Results frorn mesoseale models can be used'
to elosc thc gap between mean and loeal atmospheric input data. With 'these models
the local input patterns can be calculated ,vith a suffieient temporal (few minut~s) and
~patial (few ,kil~meters) resolution.

In the three-dirrierisional mesoscale transport and fluid model METRAS used for the
present local atmospheric input studies, wind, temperature, humidity and 'tracer con­
centrations (802 and NOr ) are calculated from prognostic equations. The horizontal,
resolution of thc mode1lies between 2.5km and 10km, thc time step is about one ininute.
Thc atmospheric input data (only dry deposition processes) are integrated to obtain .
houdy and daily figures. Thc dry deposition of the tracers is modeled following ,the
resistanee model concept. It depends on tracer concentration, atmospheric stability
and typcof tracer. For example, the 802 and NOr dry deposition'values are differen't
over water due' to the different solubillty of thc two gases in "..ater.

Th~ influences of clouds, gn\vity waves, topographically induced effeets, land- sea­
breezes and other mesoseale phenomena can be diredly sin:tulated in the model and
do not have to be parameterized. All subgrid-scale turbulent proeesses 'are parameter­
ized utilizing a first. order closure hypothesis. The planetary boundary layer is vertically
resolved. For details on the model see Sehlünzen (1990) and Schlünzen and Pahl (1992).

2 Model Area and Iilitialization

The model area' under in,"estigatiori consists of thc German Bight and thc surrounding
mainland (see, Figure·l, left). The rriodel grid is non-uniform in vertical as weH'as in
horizontal directions. The lowest hodzontal grid-size of 2.5km is plaeed in the estuary of .
the Rh"er Eibe to ensure a good representation of t~e North and East Friesian coastline
and the \Vadden Sea iri the model. Towards the lateral boundaries the grid-size inereases
to lOkm (Figure 1, right).

In the present paper, results of four model simulations are pres'ented, one of them in
detail. They correspond to typical weather c~ndiiions in spring. Offshore larg~-scale

winds of 8.57ns-1 are preseribed. In, particular results for large-seale winds from the
cast' are give~. The corresponding wind velcicity and wind direetion at a height of 10
m at Bremen are 4.15ms-1 and NE (north-east) winds. The 20 )·eil.f mean frequency
dist'ribution of ,vind di~('etion and ve10city in MiW shows f?f Drcrllen a mean of 4.3ms-1

with values of 4.0ms- 1, 5Ams-t, and 3.6ms-1 at 700 LST, l·tOO LST, and 2100 LST,
,rcspcctivcly. The mean wind values are ealculatcd by Dätjcr and IIcinemann (1983)

from mcasurcmcnts. ' '

',.
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2 Model Aren nrid Initinlizntion
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Figure 1: Topography' in thc fuH model arca (left) and gdd stiuctiu<dn part. 'cf tbc
model ~rea (right)". The crosses refer to thc sitcs used in Tabie 2forthe calculation of
daily inputvalucs..

'Frorn thc frequency distribution in T~ble l' it can c1eariy be seen' that wirid velocities
between 3.4 and 5.4 ms-1 are most frequent, they comprise 34.3% ~f all situatioris. Thc

. '; .(

frequency distribution shows no strong dependence of the wind velodty on thc \vind
. directio'n, onl)' southerly winds occ~r quitc sc1dorn.· .

••
\Vind Velocity Wind Direction Surn

[ms-1] N NE E SE S S\V \V N\V
0.1 - 1.5 0.9 1.3 . 1.3 . 1.3 1.2 1.6 1.6 1.4 10.6
1.6 - 3.3 2.8 3.5 3.9 4.1 2.6 3.6 3.7 4.8 29.0
3.4 - .5.4 3.9 4.0 . 5.5 3.3 2.0 4.0 5.5 6.1 34.3
5.5 - 7.9 1.6 1.2 2.8 1.5 1.1 3.1 4.1 4.5 19.9
8.0 - 10.7 0.3 0.1 0.5 .004 0.2 1.0 1.7 1.3 .5.5

10.8 - 17.1 - - - - - 0.3 0.2 0.2. 0.7
Surn 9.5 10.1 14.0 10.6 7.1 13.6 16.8 18.3 100

Tablei: Frequency [%] of. wind veioCiiies for a 20 year mean l\fay dependent' on wind
directionsat a' height of 10m' at Bremen. Thc values are derived frorn 'fable 159 in'
Bätjer arid Heinemann (1983).



Local Atmospheric Iriput Patterns iri th~ German Bight

, ~Ieteo;ologicai situations \~'iih NE, ·E, SE or S winds at Bremen have been takeh into',
, account for the' eaieulation of loeal itiput patterns. Th~ wind dircetions eorrcsporid to

ofTshore winds clos~ tri 'thc s~rfaec and to largc-scalc winds from cast, southcast, south,
?r s?uth\\"cst.. Other wind direetions have beeri negleeted, since only very fe\-.· input
'into the German Bight ean bc cxpccted for them in vicw of thc cmittant distribution.
In' the m6del ealculations, the erilittants in the Fcdcral Rcp'ublic of Germany are iri·
cluded j whereas emittants inDenmark or 'thc Netherlands are 'neglected (see Figure 2);
Emittants out~idc the model arca are not explicitly taken into acc~uni; zero tra~cr ßux
through the ,bou'ridafies is assumed.
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Figure 2: Total NOr (lcft) and $02 (right) emittants (data base: yBA, 1989). '

. . , ,

Largc-scalc atmosphcri,c stahility is prcscrihed from mcan.'values for May deri,ved from
data of the "Europäischer \\'etterbericht" (Deutscher \Vetterdienst) for the years 1982
to 1989. The stratificatiori is ~trorigly stable elose to the ground (().67K(100mt1 up
to 600m), slightly stahle above (0.37K(100nit1 up to an altitudc of 1000m) and in'

.largeraititudes (0.41K(100mt1).Th~ surface, t~rriperat~re is 12 oe at the h~ginning,
of thc model ruri and changes dcpcndent on tnc atmosphcric. radiation budget. . ,Thc.
water temperature at the'surface is kcpt at a constant of 9 ° C for the \vhoie model run.

B,alanced \vind-., tcmperature-, arid h~midity~profiles are ca1cul~tedfrom the large-~cale

wind and stratification with a one-dimensional version of the model. These are used
as input values for the three-dimerisionai model'in wliich the topography is iritroduced
via diastrophism'. Sirice the tracer conccntration is zero \vithin the whole model area
at thc h~gining of the model run, ~~ initialiiation ti~e period oe 21 h~>urs is ne,cessary"
to calculate thc starting tracer concentration fields (see Figure 3). The ini~ialization

period runs from midnight.of the iriitializatiori day t~ 2100 LST of that day. ·The model
calculations are performed for a further 24 .hours (orie diu~nal cycle), starting at 2100

o.
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3 Local Input P~ttcrns for Largc-Scalc East 'Vind 5

LST with the integra~iOIi of thediurnal input valucs:
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502 (right, increment 10[Jlg kg:-~]) at ~ height of 10m above ground for a large-scale
~ast wind at 2100 LST (initialiiationday)~' .

3· Lo'cal Input Patterns for Large-Scale East Wind

A Iarge-scale cast wind corresponds' to E-NE win'ds at a height of 10m (Figure 4, top).
During the day, thc changes in the wind direction are quite small and He in a range
of 10 0 only. The' change~ in the wind velociti~s are Iarger. Th~y are between 2.4ms- 1

and 8.1ms-1 at 600 LST'(Figure 4, lcft) and incrcase over land (3.0ms-1 to 8.1ms~1

at 1500 LST, Figure 4; right) during the day.They are reduced again over land in the
evening and during- night. In the area of the German Bight the wind velocities remairi
about the same; a diurnal cycle' cannot be found here. .

The processes which a~e important fo~ transport, namelythe atmospheric ad~ection ~nd
'exchange processes, have to be 'c~amined t~ understand the input patterns. It could be
expectecl that more trac~rs are transported t? the ~~a in the afternoon when the wind
velocities are higher. At this time thc advection is strong~r but the tracer concentration
is lower. Because of the surface heating overland tl:n. unstable stratification develops .
there at daytime and the NOr and 502 are mixed up to higher layers of the atmosphere.
This reduces the concentration in lower layers during the day t6 aminimum in the
afternoon: The concentration becomes gradually higher during nighttime. Over land
and the coastal water the concentration in air reaches maximum vahies in the early
morning.

. Thc outlined diurnal cycle _of the concentration field over the German Bight charac­
terizes the hourly input values, if wet deposition is negleeted. This can be seen in the
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Figure 4:. Wind direction (top, inc~ement 2.5f 0]) and wi~d velocity (bottom, inCrement
0.5[ms-1]) at 600 LST (left) and at 1500 LST (right) at a height of 10m ~bove grou~d,
increment 2.5[ 0]. '

I

I·
model res·ults. The concentration fields have maxiimi over water in thc morning and
minima in thc late evening (figures not sho\vn here). These are reflected by thc caIcu­
Iated inp~t values for NO:r. They result in higher input nuinbers' in the inorning (e.g..
at Helgoland 0.08[mg ni-2h-1] at 600 LST, Figure 5, top Ieft) and reduced input in the
everiing,(O.05[mgm-2h-1j at 2100 LST; Figure5, bottom right)., During daytiine the

, input continuoiisly decreases.. Thc diurnal differcnccs in thc dry deposition are Iower
',' "

.over water comparcd to thechimgcs over land. Here' a diurnal cyc1e in the depositiori
velocity char,ü:tei'izcs the dry deposition. The depositionvelocity is reduced at night.:.
time by a fador of six compared to daytiine valtics. Over \vater thc values rerriain ab~ut

thc same.

.\

, .. , .
Thc diurnal cycle presented for NO:r (Figure.5) is also found for S02.(Figure 6). Dif-
ferenccs in the inp~t patterns of thc two' tracers are mainly explained by differen~es in

"
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Figure 5: Haudy dry deposited NOr for a large-scale cast wind' in part of thc model
area at' 600 LST, 900 LST, 1500 LST, 2100 LST, incr~ment 0.02[nlg ni-2h-i l.
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Figure 6: Hourly dry depositecl S02 fora 'large-scale cast wind iri part of the model
~rea at 600 LST, 900 LST, 1500 LST, 2100 LST, incremerit 0.05[11'19 ~-2h-lj. .

southeast part oe thc German Hight is 'caused by emissions in the EIbe estuary by ships
using suiphurous fue}; The input into that area as weIl as into the whole Germim Bight
will be higher if ih~ emissions from ships travelirig there are incltided in the model
calculations.

.4 Assessment of the Model Results;.·

. In, this paper detailed resuIts are given for a case study which is representative for
. typical meteorologic~i condiiions in spring. Results for large-scaic southcast, south or

south,...est ,\"inds show similar diurnal, cycles but differences in the actual structures. In
Figure 8 the integrated dry deposition is preserited for a ineteorological situation with
a large-s~ale ,\rind from southwest. It can be seen that the jnput into the water in the

\'
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Figure ·7: Dry deposited NOr o.eft, i~crement 0.4 [mg m-2d~1]) ~nd 802 (right, incre­
ment 1.0[mgm-2d- 1]) integrated for 24 hours for a large-scale cast wind in part of the
model area. ,
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a~ea of thc EIbe estuary is lower for both tracers compared to the casc calculatcd with a
large-scale cast ,~ind (Figure 7). In contrast, in the western model area thc atmospheric
input is higher for a large-scale southwest wind. Here, einissions fro~ coast'ai emittants \
in the area of Emden increase the'conce~t~ation of tr'acers in air and thus causc'highcr
inputs. They might be even higher if ~mittants in thc' N~therlands are induded in thc
model calculations.· ' ,:

The model results of the f~ur case studies' are compiled in Table 2 for ~ome sel~cted
sites in tl~c model area. in general,. th~ input of 802 is higher compared to thaf of

~ NOr : This is partly a result of'differcnces in the emittant characteristics (Figure 2)
but mainly causoo by thc good solubility of802 in water. The highest input values are
calculated in the present cas~ studies for a large~scale southeast wind whenhigh tracer'
concentrations caused by emissions in thc populated areas are transported towards the

, German Bight. In this c'ase the input is enlarged by a factorof 2 to 10 compared to
" I

other wind dii-ections.

Areas with high e~ission rates are' dosest to tbe sea for tbe calcillated offshore wind
directions. Thus, the proportion to the total'input into thc German night might be

, \ ," \ : .~ , .. .. . . .
highest. For otber large-scale wind directi~ns tbe proportion intq thc German Bight
is in general quite low (Iüic\vs, 1992) and has been neglected when calculating thc

, ' integrated daily input values for Table 2. The weighted meari input data show again
the higher numbers for the 802input., For this tracer not 'only maxima at the coastline
butfurthe~ offshore (54

0 N7 0 E) can be found. The N,Ox input dat~ do not show Iocal
maxima furthcr offshorc hut havc maxima in thc \Vaddcn Sca area.

The prcsented numbers char~derize the Iowcr liinit of thc input data. However, the
numhers might he reduced further if wet deposition processes ?r ch~mical transforma-
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Figure 8: Dry deposited :NOx (left, increment 0.4[mgm-2d- 1
]) and'S02 (righ~, incre-

ment l.O[mgm-2d-1]) integrated for 24 hours' for a largc-scale southwest wind in part
of the model area.
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•
tion would be included in. the model calculations. In' any case, the consideration of
emission data from Denmark and the NetherIands and of tracer fluxes through the lat­
eral .boundaries will result in higher input values. To get more complcte input statistics,
additional case studies (other wind velocities for May, other months, inclusion of wet
depositio~ processes, inclusion of chemical transformation, inclusion of emission data
from Denmark and the Netherlands, inclusion of fluxes via lateral boundaries) have to
be performed. . ~

/"



4 Assesslllent of the Model Results 11

•

Site Large-Scale \Vind Direction \Veighted,
NE E SE S- SW \V N\V N Mean'

F[%] 12:' - Bremen '9.5 10.1 14.0 10.6 7.1 13.6 16.8 18.3 100.0

NOr 1: 55 ° N 6 oE 01 02 7.0 03 03 01 01 01 1.04

NOr 2: 55 ° N 7 ° E 01 , 02 7.0 4.0 03 01 ' , 01 01 1.44

NOr 3: 55°N8°E 01 02 '6.0 4.8 P 01 01 01 '1.44

NOr 4: Westerland 01 02 8.0 6.0 1.6 01 01 01 , 1.94

NOr 5: Westerhever 01 2.5 15.0 6.0 4.0 01 ' 01 01 3.34

NOr 6: He1goland 01 1.7 9.0 6.0 1.6 ' 01 01 ' 01 2.24

NOr 7: 54°N6°E 01 12 7.9 03 03 01 01 , 01 1.24

NOr 8: 54°N7°E' 01 1.4 7.9 33 03 01 01 01 1.64

NOr 9: 54°N8°E 01 , 1.8 8.5 6.0 2.0 ' 01 01 01 2.24

NOr 10: EIbe Esturay 01 2.5, 8.5 5.0 3.6 01 01 01 2.24

NOr 11: Norderney 01 2.0 9.5 33 23 01 01 01 2.04

S02 1: 55 ° N 6 ° E 01 02 34.0 73 03 01 01 01 5.54
..

6'.04S02 2: 55 ° N 7 ° E 01 02 32.0 14.5 03 ,01 01 01

S02 3: 55 ° N 8 ° E 01 02 26.0 17.5 63 01 01 01 5.94

S02 4: \Vesterland 01 02 24.0 20.0 6.0 01 01 01 5.94

S02 5: \Vesterhever 01 1.8 45.0' 20.0 8.0 01 01 01 9.24

S02 6: HeIgoIand
. .

01 . 3.0 54.0 24.0 . 12.0 01 01 01 11.34 ,

S02 7: 54 ° N 6 ° E 01 12 40.0 23 ,03 01 01 . 01 5.94

S02 8: 54°N7~E 01 3.5 47.0 113 03 01 01 01 8.14

S02 9: 54° N 8 ° E 01 13.5 47.0 24.0 9.0 01 ' 01 01 11.14

S02 10: EIbe Esturay 01 24.0' 38.0 6.0 10.0 01 .. 01 01 9.1 4

S02 11: Norderney 01 13.0 40.0 133 163 01 01 -01 9.44
, .

Table2: Frequency F[%] of Iarge-~calewind direetions derived from wind mcasurements
, - ,

at Bremen ror a 20 year mean May (see Table 1) and calculated daily input values -e [mg m-2d- 1] at specified sites. For the Iocation of the sites see numbers in Figure 1.

1Input not calculated for this case hut assumed to be zero.
2InrlUt values presumably too low due to missing emissions from Denmark
3Input values presumably too low due to missing emissions from the Netherlands
4The weighted input values are presumably too low due to missing emissions from Denmark and

the Netherlands -
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