o

el

METEOROLOGICAL OFFICE :
BOUNDARY LAYER RESEARCH BRANGH:™

Sk
]

3
-

A

s
@,
—
™

TURBULENCE & DIFEUSION NOTE

T.D.N. No. é. s 0113429

IS OF SULPHATE & STRONG ACID DATA RECORDED AT 16 _NORVEGIAN SITES
1975, :

—

by A. R. Parry and F. B. Smith

April 1975

Please note: Permission to quote from this unpublished note should be

obtained from the Head of Met. 0,14, BracknEHIBerks.,U.K.



Xy

-

1

The analysis of ground sampling station data: Norway 1973

Introduction. Sulphate measurements made at 16 regular Norwegian sampling

sites during 1973%* have been analysed in terms of the likely source region of
the aire. The results are presented as maps of sulphate concentration (ammual
average) for each of five categories of source area. The figures are based on
actual precipitated sulphate measurements, and similar maps (not shown) were
obtained of strong acid and rainfall amounts. These sources are not the only
contributors to the total sulphate - for example Norway's owmn sources contribute
to all the totalss The trajectories were based on those obtained during a study

covering three years 1972=T74.

Resultse The figures show the annual average for each station for each
source direction and interpolated contours. Table 1 gives areal averages over
Norway south of 60°N, Note the large contribution to the sulphate in
precipitation from purely oceanic sources, even though the sulphate of oceanic
origin had been supposedly removed from the figures by reference to sodium

and magnesium ion concentrations.

Table 1« Areal averages for five source regions.

SOURCE TOTAL SULPHATE % OF GRAND TOTAL
REGION g m

UK 0.744 31%
OCEANIC 0.640 27%
FRG+HOLLAND 06534 22%
GDR+POLAND 06315 13%
EAN.E, 0.160 %
TOTAL 24393 100%

If the ecological damage is done principally by high concentrations rather
than by total amounts, then a rather different picture emerges, as shown in

Table 2,

* These were made available by NILU.
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Table 2. Total sulphate related to rainfall amount.
SOURCE TOTAL TOTAL AVERAGE FRACTION
REGION SULPH&EE RAINFALL CONCENTRATION OF AVERAGE
g m mm mg 1~
FRG+HOLLAND 0¢534 160 3.8 1e41
GDR+POLAND 0.315 96 el 126
UK 0.T44 356 2.7 1,00
OCEANIC 0.640 375 262 0.81
BN Ee 0,160 T0 1.8 0.69
5

The overall average concentration was 2.7 mg 1-1.

Note that if the oceanic contribution can be assumed to apply as a background to
trajectories crossing the UK as well, then the UK apparently increases the
average concentration by only 0.5 mg 1-1. Note also that the total sulphate,
total rain and average concentrations do not exactly satisfy the identity:

total sulphate
total rain

aVe CONC =

due to the rather subjective way contours were drawn and areal averages determined.

The picture with regard to strong acid is again rather different. Only the
days when the precipitation was actually acidic have been included in the analysis.
The alkaline cases usually occurred during the two trajectory classes "UK" and
"FRG+Holland", This is seen most clearly from the rainfall figures in Table 3.
The biggest difference occurred well away from the SW coast, which so far has
been unexplained. The units of strong acid are in micro-equivalents per mz,

where 1 micro-equivalent = 16 /u.g sulphur, |
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Table 3. Total strong acid and rainfall
SOURCE TOTAL ACIDIC TOTAL STRON % OF GRAND
REGION RAINFALL | RAINFALL ACID__2 TOTAL
mm mm Jreqa m
UK 356 290 14000 39
FRG+HOLLAND 160 138 10000 28
OCEANIC 375 375 6000 1
GDR+-POLAND 96 96 4000 11
E+NE T0 T0 2000 5

when we consider the average concentrations.

As with the sulphate concentrations, we again see a re-ordering of the list
(Table 4).

Table 4. Strong acid related to rainfall amount
SOURCE TOTAL STRONG § TOTAL ACID § CONCENTRATION FRACTION
REGION ACID RAINFALL OoF ACI_]E1 OF AVERAGE
mm M e ¥ *

FRG4+HOLLAND 10000 138 70 175

GDR+POLARD 4000 96 424 1.06

UK 14000 290 40,8 1.02

OCEANIC 6000 375 26,0 065

E+NE 2000 70 23.1 0.58

* The average concentration was 40.1 /Leq MR

1
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The maps showing the distribution of the strong acid show marked local
maxima along the southern Norwegian coagtline from Flekkefjord through
Kristiansand to Larvik, which suggests the effect of local industry.

Comparison of the model calculations with the measurements.

The dry and wet deposition amounts calculated by the trajectory and
emission model for 1973 were grouped into regions corresponding to the trajectory
source areas used in the analysis of the sulphate measurements (with the
exception of the "Oceanic" region, which has no equivalent in the model).
The actual dry deposition was estimated
from measurements of 802 in air at the
five relatively complete Norwegian
sampling stations shown in the insete.
These measurcments were analysed in N7 T
the same way as the sulphate Uz 60N
measurements, with respect to {)9\1 g 4
trajectory origin, and the dry ) Skt
deposition was calculated from A £ 7
the mean concentration of the o il 2
five stations using a deposition 3
velocity of & mm s—1. Table 5 h i

shows the results of the SO

analysis, and Table 6 is a

2

comparison of the model results

with the measured values.
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Table Se

S0, mean concentrations

2
SOURCE FREQUENCY 802
v o
RIRION e CONGENTRATION
pe_
OCEANIC 5442 37
UK 2262 5e2
E 4+ NE 9.9 401
GDR+POLAND Te1 8e1
FRG-+HOLLAND 6.6 9e3
Table 6. Comparison of model calculation with measurements.
Units: g m"'2
SOURCE RECION DRY DEPOSITION DEPOSITION IN RAIN
MEASUREMENT § MODEL { MEASUREMENT MODEL
OCEANIC 0505 o 0427 -
UK AND PART O NORWAY 0291 0e224 0,496 0.578
USSR, FINLAND, SWEDEN
AND PART OF NORWAY 06102 0,088 0107 0,203
GDR, POLAND, CZECH.,
DENVARK & PART OF NORJAY 06145 0.134 0.210 06310
FRG, HOLLAND, BELGIUM, 0.155 0.110 0.356 04402

FRANCE & PART OF NORWAY




On the whole the agreement is good, particularly in a relative sense
between source areas, although the model appears to somewhat underestimate dry
deposition and overwestimate wet deposition. These systematic differences
could arise from a variety of causes, principal of which are: ;

(i) The measured concentrations of 802 at the five sites may be larger

than avefage over the whole of S. Norway helow 60°N because of the
| concentration of the population and industry in the surrounding
} coastal regions
(ii) The values of dry deposition and conversion to sulphate used in the
model may be in error, but as previously noted the model results are
not particularly sensitive to reasonable variations in these
parameterse
These differences should not however mask the overall agreement and apparent
success of the trajectory model and hence the significance of the implied
contributions from the major source areas of Europe.

The one major question mark must remain the contribution from the

apparently oceanic sources and whether this is relevant to the acidity of s

Norwayts waterse

oy
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