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m 2.1 Introduction

Prior to 1985 monitoring of precipitation chemistnweather during the same period. Howewbe
in the UK was limited to a small number ochanges in sulphur emissions aregéain both
locations, and a range offfdirent protocols were absolute and relative terms, and follow important
used These scattered data showed that rainfipolicy decisions within the UK and elsewhere in
acidity was similar in the UK to that in Scandinavi Europe.
(Fowler et al, 1982; RGAR, 1983). Howeeit
was not possible with the limited data and tFThis short chapter is therefore centred on an
range of protocols for collection and analysis 1analysis of the available measurements to show the
map rain chemistry over the UK, and depositicdegree to which the emission reductions have
budgets for the major pollutants were highlmodified the concentrations and deposition of
speculative. acidifying pollutants in the UKThe context within
this report is on freshwater composition and
The UK monitoring network for precipitation ultimately the biological and ecological health of
chemistry was set up during the mid-1980:the freshwaters within the UKWet deposition of
following a recommendation of ¢h Acid acidic pollutants in the acid sensitive uplands of
Deposition Review Group (1985), and providewestern and northern Britain is therefore the central
the first complete map of wet deposition caspect of the analysis.
pollution for the UK in 1986 (RGAR, 1990Jhe
monitoring from 1986 to 1997 covers a period (The UKAWMN, established in 1988, provides a
marked changes in emission of the primaislightly shorter period of measurements with which
pollutant SQin the UK, which declined from 1966 to compare deposition and surface water chemistry
KT S in 1986 to 830k S in 1997 (Figure 2.1). patterns This chapter briefly describes the
Other pollutants which contribute to soil anavailable deposition measurements, the temporal
catchment acidification include the oxides cand spatial patterns in annual deposition for the UK
nitrogen NO, and N@which are oxidized to N9 as a whole.
in the atmosphere and Nkvhich when deposited
may acidify soils following uptake yb and The deposition data show considerable risite
incorporation into, vegetation. During the years variability in both concentration and deposition as
of the deposition monitoring networks, emissiora consequence of local orographitfeets and
of these pollutants in the UK have also changed tinteractions with local variability in weathés the
by a much smaller extent than S@Eigure 2.2). precipitation chemistry collectors are not, in
Pollutant emissions from other countries of Eurofgeneral, located close to WKVMN sites,
also influence concentrations and deposition in ticomparisons of temporal patterns in deposition and
UK, and in these countries sulphur (and to a lescconcentration are best between AWMN
extent NQ) emissions have also declined (Figurregional trends and wet deposition trends at the
2.1). same scale Within the last yeg four new
deposition stations have been sited within or nearby
The period of intensive measurements (he catchments of UKWMN sites, and these
deposition of acidity in the UK is short relative tcshould facilitate more detailed catchment specific
the natural variability of the weath&he observed comparisons in the future.
changes in atmospheric concentrations ai
deposition of the pollutant gases, Sé&hd NQ, To provide the necessary perspective in the
and their oxidation products in the atmospheranalysis, the temporal trends in the UK patterns of
SOs2- and NG, must therefore be considered ilwet and dry deposition are compared with trends in
parallel with seasonal and annual variability in tremissions of the major pollutant$he focus of the
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Chapter Two

Table 2.1

Monitoring sites illustrated in Figure 2.3 for the DETR wet deposition network and the

UKAWMN.

Wet deposition monitoring network sites UKAWMN sites

Map  Site No Name East North  S0,2 Map Site No  Name East  North
Legend Group Legend

WD3 5004  Stoke Ferry 5700 2988 1 Awl 1  Loch Coire nan Arr 1808 8422
WD7 5009 High Muffles 4776 4939 1 Aw2 2 Allt a'Mharcaidh 2881 8045
WD10 5023 Preston Montford 3432 3143 1 AW3 3 Allt na Coire nan Con 1793 7688
WD11 5024  Flatford Mill 6077 2333 1 Aw4 4 Lochnagar 3253 7859
WD18 5117 Thorganby 4676 4428 1 AW5S 5  Loch Chon 2421 7068
WD19 5118 Jenny Hurn 4816 3986 1 AW6 6  LochTinker 2445 7068
WD21 5120 Wardlow Hay Cop 4177 3739 1 Aw? 7 Loch of Glenhead 245 5804
WD22 5121 Bottesford 4797 3376 1 AW8 8  Loch Grannoch 2542 570
WD25 5127 Woburn 4964 2361 1 AW9 9 Dargall Lane 2449 5786
WD26 5129 Compton 4512 1804 1 AW10 10  Scoat Tarn 3159 5104
WD27 5136 Driby 5386 3744 1 AWl1 11 Burnmoor Tarn 3184 5043
WD5 5007 Barcombe Mills 5437 1149 2 AWI12 12 River Etherow 4116 3996
WD9 5011 Glen Dye 3642 7864 2 AW13 13 Old Lodge 5456 1294
WD13 5106 Whiteadder 3644 6633 2 AW14 14 Narrator Brook 2568 692
WD15 5109 Redesdale 3833 5954 2 AW15 15  Llyn Llagi 2649 3493
WD16 5111 Bannisdale 3515 5043 2 AW16 16  Llyn Cwm Mynach 2678 3238
WD17 5113 Cow Green Res. 3817 5298 2 Awl7 17  Afon Hafren 2844 2876
WD29 5149 Hillshorough Forest 1369 5156 2 AW18 18  Afon Gwy 2824 2854
WD1 5002  Eskdalemuir 3235 6030 3 AW19 19  Beagh's Burn 1353 5879
WD2 5003  Goonhilly 1723 214 3 AW20 20  Bencrom River 1405 4820
WD6 5008 Yarner Wood 2786 789 3 Aw21 21 Blue Lough 1428 4825
WD14 5107 Loch Dee 2468 5779 3 Aw22 22 Coneyglen Burn 791 5508
WD20 5119 Beddgelert 2556 3518 3

WD23 5123  Tycanol Wood 2093 2364 3

WD24 5124  Llyn Brianne 2807 2492 3

WD28 5140 Achanarras 3151 9550 3

WD30 5150 Pumlumon 2823 2854 3

WD32 5152 Balquhidder 2545 7207 3

WD4 5006 Lough Navar 192 5212 4

WD8 5010 Strathvaich Dam 2347 8750 4

WD12 5103 River Mharcaidh 2876 8052 4

WD31 5151 Polloch 1792 7689 4

Table 2.2

UK sulphur emission and deposition 1986 to 1997 and the atmospheric budget over
the country (all values ktonnes)

Year 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997
UK emissions 1966 1961 1923 1860 1882 1790 17531584 1354 1176 1014 830
I/Ps non-UK European 120 102 75 94 80 100 86 92 78 73 90 75
Dry deposition 262 246 234 227 201 231 185 187 159 123 125 102
Wet+cloud deposition 230 226 251 229 226 223 215 186 198 155 171 132
Total deposition 492 472 485 456 427 454 400 373 357 278 296 234

Exported emissions 1594 1591 1513 1498 1535 1436 14391303 1075 971 808 671
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analysis presented in this chapter is adifficult to access in winter conditions, are very
examination of all available evidence ofwindy and a significant fraction of the annual
deposition data and surface water chemistry datgeposition may occur as snow and is not
to show whether there is evidence of recovery. loollected efficiently. However, as Figure 2.3
short, have we detected a signal of reduceshows, the monitoring sites cover the majority of
sulphur concentration or deposition in acidhe country and have proved suitable to define
sensitive surface waters? the regional distribution of precipitation
chemistry (RGAR, 1998).
The Acid Deposition monitoring network is
operated by NETCEN, while the wet and dryThe weekly and daily samples are used to define
deposition maps for the UK are provided by ITEhe precipitation weighted annual mean
Edinburgh. This chapter has been prepared froooncentrations of the major ions present in
the UK acid deposition monitoring data providedprecipitation, SG#-, NO;, CI, H*, Nat, NH,*,
by NETCEN and the maps and process studies Kft, Cg* and Mg*. These are then used to map
ITE. the patterns of concentration. The mapping of
precipitation weighted mean concentrations
B 22 \Wet and Dry DepOSition relies on Kriging methods (Webstetral, 1991),
assuming that the variation in space is locally
2.2.1The wet deposition network random even though there is a spatial correlation.

The composition of rain and snow is monitoredHaving mapped the precipitation weighted
at a rural network of 32 secondary sites usingoncentrations of each of the ions, the wet
bulk collectors mounted 1.5 to 2.0 m abovedeposition is calculated as the product of the
ground sampled weekly and 5 primary sites usingnnual precipitation amount obtained from the
wet-only collectors sampled daily (RGAR,UK Meteorological Office and provided at a
1998). (Figure 2.3, Table 2.1). scale of 5 km x 5 km. Met. Office data are used
because the precipitation maps are constructed
In general the monitoring sites are used to defingsing a much larger network of gauges (in excess
the broad spatial patterns in rainfall compositionof 2000), which sample at ground level. The
They do not sample the full range of theprecipitation chemistry network relies on just 32
distribution of precipitation amount or secondary sites and 5 primary sites and uses
composition. This is largely a practical constraintollectors mounted nearly 2 m above ground.
because the hill tops, where precipitation valueghe precipitation chemistry collectors have the
are largest, are generally avoided as such sites agvantage that they avoid some of the locally re-
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Figure 2.2
Trends in UK
emissions of NOy
between 1980 and
1997 and UK NH3
emissions in 1988
and 1996
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suspended contamination from soils but thewcidity. Rates of dry deposition dominate the
under-catch precipitation amount because of theulphur deposition inputs in regions with large
exposure of the collector to wind. ambient SQ concentrations (> 5 ppb) and
modest rainfall (< 1000 mm). The rates of
A further correction to the estimates of wetdeposition are quantified using a deposition
deposition is required because the Network doeglocity (V) at height (z):
not adequately sample the high precipitation
regions of the uplands where the wash-out of hill V(o = flux/iconcentration,,
cloud by falling rain considerably increases wet
deposition (Fowleret al, 1988, 1995). The and since concentration varies with height above
procedure used to modify the maps relies oground as a consequence of deposition, the
empirical observations of the relationshipdeposition velocity is also height dependent. The
between concentrations of major ions imrate of dry deposition of SOis regulated by
orographic cloud and that of the upwind seedestomatal uptake and leaf surface reaction of SO
rain (Dore et al, 1992). The orographic especially in the presence of surface water on the
enhancement of precipitation amount is assumaakgetation, and is sensitive to the presence of
to occur entirely through seeder-feedeother atmospheric pollutants notably NH
scavenging of orographic cloud. (Flechardet al, 1999).

The resulting maps of wet deposition werg-,, the other acidifying pollutants, NCand

produced at a grid resolution of 20 km x 20 kn}\IHg, rates of dry deposition are also regulated by

from 1986 to 1994 and have recently been . .
. . .~ surface processes. For hthe deposition rate is
improved to 5 km x 5 km using a revised

methodology which allows for the effects ofprimarily determined by stomatal absorption and
wind-drift of falling raindrops. overall rates of dry deposition are substantially

smaller than those of S(ODuyzer & Fowler,
2.2.1 Estimating dry deposition 1994). NH by contrast is deposited rapidly on to
most semi-natural vegetation (e.g. forest and

The removal of the reactive pollutant gases dnoorland).

terrestrial surfaces by dry deposition represents
the remaining major contributor to deposited=0r NH;, the surface-atmosphere exchange is
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Figure 2.3

Locations of UK
wet deposition
monitoring stations
(WD) and
UKAWMN stations
(AW)

The grouping of
sites(1to4)is
based on an
objective
hierarchical
clustering method
to distinguish the
broad categories
from the ionic
composition alone
(see Section 2.6)
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Figure 2.4 (a)

Dry deposition of
sulphur 1986 (a)
and 1997 (b) from
measured SO,
concentration field
and the ITE dry
deposition model
(Smith et al. 1999)

Figure 2.5 @

UK annual
precipitation
weighted mean
concentrations of
non-marine SO,2
in 1986 (a) and
1997 (b)
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Figure 2.6
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Figure 2.8

UK annual wet
deposition of
NH,* - N (a) and
NOj3 - N (b) for
1997
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complicated by the bi-directional nature of thefertilized grassland, arable crops and urban
fluxes as a consequence of NHwithin the areas). A more detailed description of the dry
apoplast of vegetation. For heavily fertilizeddeposition measurement and modelling
crops the NHfluxes may represent net emissionprocedure is provided within the CLAG (fluxes)
over significant periods of the growing seasomnieport (1997). Individual parameters within the
whereas semi-natural vegetation and foresteposition model and their response to changes
represent an efficient sink for NHwith large in environmental conditions are provided by
deposition rates (Suttaet al, 1993). A detailed direct field measurements. There are two
treatment of the processes of dry deposition isontinuous S@dry deposition sites within the
outside the remit of this chapter and descriptiondK and approximately 40 SOconcentration
of the processes may be found in RGAR (1997nonitoring sites to provide the interpolated
and in review papers e.g. Suttetmal. (1993) and concentration fields for the UK.
Fowleret al. (1995).

The dry deposition of SQo the UK is illustrated
The maps of dry deposition are provided byn Figure 2.4a for 1986 and 2.4b for 1997. The
measured concentration fields of the pollutantnaps show a large change in the absolute values
gases and application of a process-based mod#ldry deposition especially in the source areas of
of the deposition process (Smigt al, 1999). the east Midlands and Yorkshire. They also
The deposition is of course land-use specific, angveal the relatively small contribution of dry
land-use and land-cover maps are used to identifieposition in the areas of the west and north of
the major land-uses within the deposition gridhe UK, which are the primary focus of the
(forest, moorland, unfertilized grassland,UKAWMN.
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2.2.3 Cloud droplet deposition the source regions.

Wet and dry deposition represent the dominarfthe changes in S@ (and acidity) with time at
pathways for pollutant deposition, but for thosesites on the west coast of the UK are small and
areas of the landscape which are in cloud for largely non-significant.

significant part of the time, the direct deposition

of cloud droplets to vegetation represents amhe NH;*, NO; and H concentrations show
important contribution to the deposition totalsimilar spatial patterns with a marked east-west
(Crossleyet al, 1992). For sites at altitudesgradient and peak values in East Anglia. The
above 600 m in western Britain the cloudabsolute magnitude of the east-west gradient in
frequency lies between 3 and 10%, and at foreBiO5- concentration is similar to that in FOi.e.
sites above 500 m asl in the Scottish borderd0-50 peq N@ I-1 across the country in the most
50% of the sulphur and nitrogen input may beolluted areas. However, the relative gradient is
deposited as cloud (or occult) deposition. Théarger for NQ- because in the remote regions of
total deposition maps for acidity S and N for thenorthwest Scotland concentrations of N®ere

UK include cloud deposition, although for thevery small, typically 2-5 peq NOI-1in the mid
country as a whole cloud deposition is not a largg980s. The values in the polluted areas of 40-50

component. peq tt are therefore an order of magnitude larger
than those at the remote sites. Differences
B 23 Measured wet and dry between S¢¥ and NG concentration gradients
. also arise because of the presence of a
dep03|t|0n, 1986 - ]_997 background in the S@ concentration. Sea-salt
contains appreciable quantities of gOand in
2.3.1 Trends in concentrations calculating non-marine S@ a correction is

made for marine Spby assuming the €50,2

The concentrations of all major ions show larg@nd Nea:SO,2- ratios in bulk sea water apply in
regional variation over the UK. For the pollutanthe case of precipitation. At remote locations in
derived S@ in the mid-1980s the largest the west and north of Britain this is a reasonable
concentrations were in the east and south @ssumption, but in the east Midlands of England
England with mean concentrations of 80-100 pef! is present as HCI and non-marine” @i
ILand the smallest concentrations in northwegerosols from the high Cl coals produced from
Scotland (15-20 pedt) (Figure 2.5a). The value Some east Midlands coalfields. The marine
of background S@-is of course important and is correction for these areas relies on the:8i@,>

not known precisely. However, measurements 4@tio to quantify the non-marine CI deposition.
remote sites in northwest Europe from the EMEP

network indicate values of the order of 10 ueq [There is also S@ in the atmosphere from

1 so even the remote sites in the UK receive &Rarine emissions of dimethyl sulphide (DMS)
least half of their non sea-salt $Ofrom Which is oxidized in the atmosphere, ultimately
pollutant sources. The current (1997) concentrd0 SQ2, and contributes to non-anthropogenic
tions of non-marine S@ are shown in Figure background Sg- deposition. The marked east-
2.5b and these also show a large northwest ¥#est gradients in concentrations of the major
southeast gradient in the UK with values irPollutant derived ions contrast strongly with the
northwest Scotland remaining close to 20 kq | marine derived ions especially Nand Ci. For
while the peak concentrations in the easihese ions concentrations in the west coast sites
Midlands of England have declined to about 6@re in the range 200 - 400 pef and sea salts
ueq {1 SO2. There is also a clear west to easlominate the ionic composition of precipitation
gradient with larger concentrations along the eagind provide the majority of the total $O
coast of the UK. The change in $O deposition (Figure 2.6). The inland and east coast
concentration is dramatic and represents Sites, in contrast, show marine Nand Ci
reduction by almost 50% and is accompanied b§oncentrations in the range 50-70 péaquhd at

a reduction in acidity of the same magnitude ihese sites marine GO contributes only 10% -
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22 m

20% of total S@ in precipitation. The marine 1986-1987. However, the concentrations and
and pollutant derived ions therefore change ideposition of sulphur have declined, with larger
their relative contributions to the total ionictemporal gradients in the source regions than

strength of the precipitation across the UK. elsewhere. The trends in concentrations and
deposition are much more important for
2.3.2 Trends in wet deposition interpretation of the UKAWMN data. For the

trend analysis there are three key questions:
Combining the concentration fields with
precipitation amount and correcting for thel. Have the reductions in UK (and other
orographic effects in the UK uplands provides European) emissions of sulphur led to reduced
the wet deposition maps. As the precipitation S deposition in the UK and in particular in the
amounts are very large in the uplands of western source regions?
and northern Britain, the wet deposition mapg- Are observed changes in concentration and
show a stronger influence of precipitation deposition  consistent  with  current
amount than the concentration field. understanding of the processes?

3. Is there evidence of changes other than in
The main features of the wet deposition maps are sulphur deposition in the UK precipitation
illustrated by maps for 1986 and 1997 for non- chemistry and deposition?
marine SQ@?* (Figures 2.7a and 2.7b). The peak
in wet deposition in 1997 of 25 kg non-marine SThe introductory section of this chapter and
hal in the Pennine hills of northern England andrigure 2.1, reveal a 57% decline in UK sulphur
in Cumbria is appreciably smaller than nonemissions between 1986 and 1997. Similarly,
marine S@Q> wet deposition in 1986 (50 kg non-UK European S emissions declined by 45%
SO,2). The rainfall amounts do vary betweerPetween 1986 and 1997. These large changes
years but are very similar for these years, an@rovide an ideal signal to examine the
there are no monotonic regional trends ifneasurement data.
precipitation amount over the 12 year period.
There are therefore areas of the country in whicHsing a consistent methodology for the 12 year
substantial reductions in deposition havéeriod, the mapped wet and dry deposition allow
occurred since the mid-1980s. the mass balance of the atmosphere over the UK

to be quantified. This is shown in Table 2.2. The
Wet deposition of non-marine S at west coadptal deposition of non-marine sulphur declines
sites and in the north and west of Scotland shovigm 492 KT S in 1986 to 234 kT S in 1997, a
no clear differences between the two years. Wegduction of 52%. The wet deposition declines
deposition of N@ and NH,* have also remained by 42% while dry deposition declines by 61%
broadly similar although small changes aréver the 12 years, so there is a large change in the
evident at individual sites. The spatialwet:dry deposition partitioning of the deposited
distributions in wet deposition of Nfdand NG sulphur in the UK. Clearly therefore, the answer
are shown in Figures 2.8a and 2.8b for 19970 the first question is “yes”, there has been a
again illustrating the dominance of the annuamarked reduction in S deposition in response to
maps of precipitation in controlling the pattern ofmission reductions but the area in which

wet deposition. deposition has declined is largely restricted to the
source regions. Thus the answer to question 2 is

B 24 TrendS in Concentration “no”, the observed change in deposition is
. . . unexpected. In particular the very large

and dep03|t|0ni d|3CUSS|0n reduction in dry deposition, primarily as a

consequence of a reduction in ambient,SO
The main features of the regional patterns in wejoncentrations in the source region (within 100
deposition and the concentrations of major ionBm of the major sources), is the main cause of the
in precipitation have remained consistenimuch greater reduction in dry deposition. The
throughout the monitoring period reported heregoncentrations of SQOdeclined by almost an



order of magnitude at rural sites in the easthe intermediate sites, including Eskdalemui
Midlands. Redesdale, MharcaidhAchanarras, Barcombe
Mills and Compton show significant decreases in
The changes in the pattern of deposition and tlf&0,2- averagingbetweenl and2 peq S |1
partitioning into wet and dry deposition isyrl. Thus the reduction in wet deposition is
therefore introducing non-linearity into theclearest in the same areas as the dry deposition
spatial relationship between emission andeduction, and in fact the dry deposition on
deposition of S in the UK There are (at least) precipitation collectors contributes about 25% of
three contributions to the changes in wet-dryhe observed decline in wet gOdeposition in
deposition partitioning. First, a muchrdar the source regions.
reduction in low level than high level sources of
SO,; second an observed change in the rate dhe trends are therefore weakest at the remote
SO, dry deposition which has gradually high rainfall sites and, in a strict sense, the
increased dry deposition rates in the sourcebserved decline in non sea-salt,3®these sites
regions as S©concentrations have fallen, andis not significant The cause of this may simply
last; an oxidant limited SQo SO oxidation in  be the inteannual noise in the meteorology
stratiform cloud All three processes have obtaining a small signal. Howay¢his raises the
combined to cause the observed non-linearity iquestion of stationagt i.e. are all other
sulphur deposition but the relative contributionconditions remaining constant during the 12
of each of these processes to the observed treyelrs of monitorin® The first and most obvious
has yet to be quantified. indicator is precipitation amount, which shows
considerable inteyear variability but no
We now examine the trends in theffelient monotonic trend The relative frequency of

regions of the UK. winds, which transport pollutants from the
. ) source areas in the UK and other countries of
m25 Reglona| trendS In Europe to remote regions of the UK, has been
T . examined in earlier analyses of UK acid
preCIpItatlon ChemlStry deposition (RGAR 1990, 1997). More recently

the Norh Atlantic Oscillation (NAO) has been
A consequence of the smaller change in wekcognised as an important influence on
deposition is that the signal in declining SO European climate (Hurrell, 1995) and is
concentrations is smaller than it would have beefliscussed at length in later sections of this report.
given a strictly linear relationship betweenThe NAO provides an index of ‘westerlyness
emissions and wet deposition, by 50%. the airflow over the UK. Lage Index (NAOI)

values (or lege pressure gradients) are associated
The observed decline in $Oconcentration in  with strong southwesterly airflow and a
precipitation (Appendix ITable 1) is clear at the succession of fronts and precipitation over the
sites in the east Midlands duYorkshire - the UK. If marked changes of the NAOI occur
source areas. In these areas (within 100 km diuring the 12 years of the available wet
the major power stations) the non sea-salf2SO deposition data for the UK, then it may bgued
concentration declines at approximatelyu8q that this would introduce additional variability
SOy 2-yr-1throughout the 12 years and the (linearjnto the precipitation chemistry measurement and
trends are highly significaniAt the sites close to mask trends The annual NAO values plotted in
the west coast of Englanwales and Scotland Figure 2.9 show a clear maximum in NAO in the
and in the west of Northern Ireland there is also years 1990, 1992 with smaller positive value in
decline in non sea-salt g9 but for each of 1986, 1989, 1991 and 1994, while 1987, 1988,
these sites considered individually the decline i$995, 1996 and 1997 all show negative values
small and is not statistically significantvhen all  (reduced westerlynessA simple correlation of
west coast sites are considered togethesmall CI~ concentration against NAO, using annual
statistically significant linear trend of decreasinglata reveals relatively little structure with the
SO,% is established. exception that the fgest positive value is

Chapter Two

m 23



Chapter Two

Figure 2.9

The changes with
time in the annual
North Atlantic
Oscillation Index
(NAOI)

24 m

associated with the largest mean - Clareas of the UK (~50%) was also present at these
concentration. Thus, the precipitation chemistryemote sites, such a signal would have been
data at annual scales, as used for the depositidatected. The application of NAO indices for the
maps, show a weak association between thesénter months, as applied later in this report is
two variables. consistent with the winter dominated deposition

of sea-salts. Since a large fraction of the ionic
The annual Cldeposition however, is highly content of precipitation at the west coast sites is
episodic, with a substantial fraction of theprovided by sea-salts, it is unsurprising that
deposition contributed by a few rainfall eventdemporal variations in sea-salt deposition are
each year. The data from the UK primarystrongly correlated with surface water chemistry.
precipitation chemistry sites, which provide dailyHowever, in this chapter we are specifically
collection, show that all sites in the primaryexamining the available data to show whether the
network are highly episodic in CHeposition large reductions in sulphur emissions are evident
(defined as sites receiving >30% of the wein the deposition data and how the evidence
deposition in < 5% of the precipitation events)varies throughout the country. The conclusion
Furthermore, the Cldeposition is largely a from the analysis is that large reductions in
winter phenomenon, with 80% of the depositiorsulphur deposition during the last decade are
in the winter months. evident, but that in many west coast areas of the

country, the decline in sulphur deposition is very
The implication from this rather simplistic small, and is much smaller than the reduction in
analysis is that inter-year variability in theUK or European sulphur emissions. In
weather has to some extent masked thgzSOconclusion, the lack of detection of a significant
declines at the remote sites in the north and wedécline in sulphur deposition at some of these
of the country. The changes in the ‘westerlynesstemote sites has probably been influenced by
which are evident in the NAO data, and thevariations in the weather over the monitoring
associated changes in sea-salt deposition cleaggriod. It is probable therefore that with
introduce noise into the dataset. However, if theontinued reductions in emission the declining
large decline in wet deposition and drydeposition will become clear even at these
deposition observed at the sites in the sourgemote locations.
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B 26 Deposition trends at (group 2) show a trend of 1 peq BOI-Lyrl,
L . while the source area (group 1) sites show the
IndIVIdua| sites clear decreasing trend of 3 peq 80l yr!

(Figure 2.10). These broad classifications seem
Statistically significant trends are found at onlyentirely appropriate to identify the region specific
13 out of the 32 sites, these being the sourdgends in non-marine S deposition and show
region sites, Jenny Hurn, Driby, Bottesfordthat the magnitude of the trend at these remote
Stoke Ferry, Woburn, Flatford Hills, Comptonsites is small. If, for example, we examine the
and High Muffles, and the intermediate sites{rends at the nearest acid deposition network
Barcombe Mills, Wardlow Hay Cop, secondary collector to the appropriate
Eskdalemuir, Whiteadder, and Achanarras, thd KAWMN site, then with the exception of
east coast site in northern Scotland. Barcombe Mills, all trends are non-significant.

With these small changes in precipitation
However, all sites with the exception of Yarneichemistry at the remote sites, it would hardly be
Wood show negative trend, and by grouping theurprising if site specific surface water chemistry,
sites using a hierarchical clustering method intwhich is further modified by interactions within
the four groups shown in Table 2.1 and Figure 2.the catchment, shows no trends.
the trends may be broadly classified on a regional
basis. The trends may be shown to be significafior sites at the west coast with mean non-marine
for all groups when the data are considere80,2- concentrations of 20 ped,la reduction by
together. This is the case even at the remote ah@ peq+ would have been readily detected over
west coast sites, (groups 3 and 4) where the slogée 12 years of data available. The tabulated
of the decrease is 0.5 peq 8Q-1 yrl and is Statistics in Appendix 1, Tables 1-4 refer to the 12
statistically significant. The intermediate sitegyears of precipitation chemistry monitoring.

140 Figure 2.10
The linear trends in
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To provide a strictly comparable set of data fonetwork over this periad The trends are
comparison of the wet deposition andsignificant at 16 sites and in the source areas the
UKAWMN site data, the trend analysis has alselope of the trend is fairly consistent at about 3
been completed for the shorter (10 year) periodeq H I-1 yr-1 while at the intermediate and even
of precipitation chemistry data of 1988 to 1997.some remote sites the trend is close {eed H

I-1yr-l. These declines are almost identical to the
Considering these in turn. decline in S@% and in the absence of trends in

NH,* and NG imply that the acidity was S@
Non-marine SO, trends (1988-1997) related The sites not showing a significant trend
(Appendix 1, Table 5) are in general the west coast sites where the mag-
The significant trends in $@ are the source area pjtyde of the trend is < fAeq H I yrland, like

(1) and intermediate sites (2) (as with Figure 2.330,2- at these sites, such signals are masked by
with slopes of the decline of 3 19 SQZ I yr  tne inte-year variabiliy.

-Tand 1lpeq SQz I-1 yrlfor the source regions

and intermediate sites respectivelThe remote  NO," trends (1988-1997)

regions consistently show a general decline byhppendix 1, Table 9)

with the inte-year variability the trends are notypjike SO, the emissions of NOhave not
statistically significant The analysis of the changed greatly during the period 1986 to 1997
shorter period is therefore entirely consisten(,:igure 2.2) There was a gradual increase from
with that for the 12 years. 1986 to 1990 and since then Nénissions have
+ declined steadil These trends are somewhat

NH: t_rends (1988-1997) smaller than those of other European countries,
(Appendix 1, Table 6)_ L but overall the decline is small over the period
There are no consistent significant trends at tr@MEP, 1999) The observed UK precipitation

regional scale, and an even split of r‘Onéhemistry shows a small but significant increase

significant trends among the individual site da’ca]-n NO, concentration at many of the remote west
While there is no evidence of a trend overall it i%oast sites Yarne Wood, Llyn Brianne

noticeable that in the source areas, the tenden%mluman Bannisdale, Lough Navar and also at
is for a decline (Stoke FerrBottesford, Jenny Eskdalemui The magnitude of the change

Hurn, Thorganty, High Muffles, Wodburn, seems small at about Offeq NO; |1 yearl.
Flatford Mills) but little can be drawn from such Howeve, the weighted mean concentration at
weak S|gnaIsAmmon|a emissions are bel'evledthese sites in the early years of the measurement
to have changed little over the monitoring penoc{mere very small, 8 - 15ieq NO; I and the

but with such lege changes in sulphur emiSSionSincrease represents a 20% increase in wet

it is probable that changes in the aeroso(!1eposition at many of the siteShe cause of the

chemistry have occurred, with a replacement (ﬁend is unknown, and in the absence of any
the ammonium sulphate by ammonium nitrate. measurement artefact implies an increase in

CI- trends (1988-1997) aerosol N@ and/or HNQ at these remote
(Appendix 1, Table 7) locations during this period. Only one site in the
The clear negative trends in-@t the source area Network (Bottesford) showed a significant
sites Bottesford, Jenny Hurndaihorganby are decrease in NO

entirely consistent with the decline in HCI

emissions from the coal burning pavetations 1€ remote sites, most appropriate for the
in the east Midlands an Yorkshire. It is AWMN show no monotonic trends in the

surprising that the signal is not observed at HigRoncentrations of any other major ion in

Muffles. precipitation, but considerable imtgear
variability. Thus there is no evidence of other

H+ trends (1988-1997) country-wide changes in major ionA decrease

(Appendix 1, Table 8) in non-marine Clhas been observed at the east

While H* has not been considered in detail in thigvidlands awd Yorkshire sites, consistent with
chapte, these data merit a comment. It is notableeduced emissions of HCI from coal combustion
that rainfall acidity has declined at all sites in thén these areas.
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¢ UK and non-UK European S emissions bott? small b_Ut significant “mcreases n
declined between 1986 and 1997 concentrations and deposition of NCare
approximately 55%. UK NQ emission evident at the west coast and remote
declined by 14% during the same period. monitoring stations.

e Sulphur deposition in the UK declined by
approximately 50% between 1986 and 1997,
but the majority of the decline was dry
deposition (61%), the decline in wet deposition
was 42%.

e Concentrations of non-marine $oand H in
precipitation over the period 1986-1997 and
1988 to 1997 both declined atugq Hyr! at
sites close to (<100 km) major sources (the
east Midlands of England drYorkshire) : 1
peq H yrl at sites 100 km to 300 km from
sources At the remote high rainfall west coast
locations in Britain the decline in $©
concentration was barely detectable.

e There were lage year to year variations but no
monotonic trends in precipitation amount
during the period of measurement.

e The Norh Atlantic Oscillation (NAO) Index
showed a pronounced positive peak in the
early 1990s and ftge sea-salt concentrations in
rain during the peak and troughs in the late
1980s and mid 1990sThis cyclical change in
the ‘westerlynessof the climate introduced
variability which may have obscured the signal
of SO,2- concentration and S deposition
reductions at the high rainfall west coast sites.

e Very clear lage reductions in both wet and dry
deposition of S in the source regions of the UK
and at intermediate distances from the source
areas (see Figure 2.3difable 2.1) are evident
in the measurementsThere are reductions in
S deposition in the high rainfall, west coast
areas but the reductions are much smaller than
the reductions in UK or non-UK European S
emissions and at many of the high rainfall sites
the trends in deposition are not statistically
significant  The observed changes in
precipitation chemistry measured by the UK
deposition network are consistent with
observed surface  water chemistry
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