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As measures are implemented internationally to
reduce SO2 and NOx emissions, attention is fall-
ing on the contribution of NH3 emissions to acidi-
fication, nitrogen eutrophication, and aerosol for-
mation. In the U.K., a monitoring network has been
established to measure the spatial distribution and
long-term trends in atmospheric gaseous NH3 and
aerosol NH4

+. At the same time, an atmospheric
chemistry and transport model, FRAME, has been
developed with a focus on reduced nitrogen (NHx).
The monitoring data are important to evaluate the
model, while the model is essential for a more
detailed spatial assessment.

The national network is established with over
80 sampling locations. Measurements of NH3 and
NH4

+ (at up to 50 sites) have been made using a
new low-cost denuder-filterpack system. Addition-
ally, improved passive sampling methods for NH3

have been applied to explore local variability. The
measurements confirm the high spatial variabil-
ity of NH3 (annual means 0.06 to 11 �g NH3 m–3),
consistent with its nature as a primary pollutant
emitted from ground-level sources, while NH4

+,
being a slowly formed secondary product, shows
much less spatial variability (0.14 to 2.4 �g NH4

+

m–3). These features are reproduced in the FRAME
model, which provides estimates at a 5-km level.
Analysis of the underlying NH3 emission inven-
tory shows that sheep emissions may have been
underestimated and nonagricultural sources over-

estimated relative to emissions from cattle. The
combination of model and measurements is ap-
plied to estimate spatial patterns of dry deposi-
tion to different vegetation types. The combined
approach provides the basis to assess NHx re-
sponses across the U.K. to international emission
controls.

KEY WORDS: acidification, eutrophication, aerosol,
monitoring, atmospheric transport model, deposition

DOMAIN: environmental modeling, environmental monitor-
ing
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RESULTS AND DISCUSSION

Measured NH3 and NH4
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Estimation of Dry Deposition
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APPENDIX
Summary of Data from the U.K. National Ammonia

Monitoring Network (Netw) and Comparison with the FRAME Model

Site National Netw. FRAME Netw. FRAME
No Site Name Grid Ref. NH3 NH3 NH4

+ NH4
+ DS

1 Bush OTC nt245635 2.54 2.77 0.71 1.02 5

2 Bush Cabin nt247638 1.08 2.77 5

3 Inverpolly nc187088 0.07 0.02 0.16 0.13 0

4 Penallt so523095 1.45 2.69 1.15 1.70 1

5 Priddy st525526 1.47 3.92 0.07 1.62 1

6 Holme Lacy so554357 2.14 2.91 1.29 1.70 1

7 Glen Shee no117693 2.66 0.28 0.36 0.54 1

7b Gulabin Lodge no110701 1.84 0.09 0.43 0.47 1

8 Stackpole sr982947 2.26 1.04 6

8b Orielton sr954992 1.30 2.56 0.74 1.15 1

9 Brown Moss sj559396 5.94 6.91 1

9b Brown Moss 2 sj563390 3.50 6.91 1.15 2.36 1

10 Bure Marshes tg334161 1.21 2.33 1.24 1.98 6

11 Mere Sands Wd. sd447157 1.98 3.33 1.40 1.89 6

12 Halladale nc902488 0.94 0.05 0.21 0.18 0

13 Aston Rowant. su727979 1.69 1.7 1.54 2.26 6

14 Ellon Ythan nj945304 1.53 4.64 0.46 0.74 1

15 Llynclys Comn. sj273237 1.34 5.01 1.07 1.85 1

16 Northallerton se360930 3.66 4.75 1.51 1.94 6

17 Easingwold se540675 4.52 6.06 1.22 2.22 6

18 Auchencorth nt221562 0.81 1.45 0.71 1.12 1
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APPENDIX (CONTINUED)
Summary of Data from the U.K. National Ammonia

Monitoring Network (Netw) and Comparison with the FRAME Model

Site National Netw. FRAME Netw. FRAME
No Site Name Grid Ref. NH3 NH3 NH4

+ NH4
+ DS

19 Shetland hu500400 0.15 0.11 0.20 0.23 0

20 Drayton sp165549 3.46 3.09 1.45 2.12 2

21 Glensaugh no664799 0.29 1.24 0.52 0.92 1

22 Moor House ny751334 0.24 0.28 0.64 0.92 0

23 North Wyke sx659983 1.71 4.15 0.93 1.20 1

24 Rothamsted tl123129 1.29 1.84 1.34 2.26 5

25 Sourhope nt867218 0.51 0.55 0.53 0.95 3

26 Wytham Woods sp452083 1.21 2.03 1.21 2.24 6

27 Alice Holt su809379 1.24 1.58 1.14 1.81 6

28 Porton Down su253365 1.72 4.34 1.18 1.78 6

29 Llydaw sh695572 1.36 0.74 0.62 0.94 3

30 Strathvaich Dm. nh348750 0.11 0.02 0.18 0.19 0

31 Eskdalemuir nt235030 0.37 0.37 0.56 0.92 1

32 High Muffles se776939 1.84 1.64 1.01 1.83 1

33 Stoke Ferry tl700988 2.19 6.05 1.56 2.21 2

34 Yarner Wood sx789788 0.52 2.15 0.90 1.08 1

35 Lullington Hth. tq538016 0.64 1.44 1.29 3.10 1

36b London, Vict. tq291790 1.85 9.5 1.69 3.10 5

36c London, Crom. tq266791 5.25 9.5 2.42 3.10 5

37 5 Acres sw794486 0.93 3.16 1.27 0.89 1

38 Sheffield sk332870 0.84 3.8 1.44 2.39 5

39 Silsoe tl088356 1.51 2.42 1.49 2.29 6

40 Sutton Bonntn. sk505268 5.15 2.41 1.72 2.75 6

41 Lagganlia nh856037 0.16 0.06 0.21 0.31 0

42 Castle Cary st609319 3.69 5.53 1.12 1.67 1

43 Tadcaster se452455 2.10 3.15 1.22 2.21 6

44 Hillsborough ij243577 3.22 5.07 0.64 1.00 1

45 Lough Navar ih065545 0.43 1.08 0.41 0.72 1

46 Sibton tm363722 2.67 3.4 1.49 2.00 6

47 Rum nm408992 0.16 0.05 0.14 0.13 0

48 Wem Moss sj473343 2.91 6.77 1

49 Frodsam sj525795 3.17 3.4 2

50 Swettenham Mds. sj804674 3.52 5.4 1

51 Wybunbury Moss sj698502 3.06 5.59 1

52a Fenn’s Moss 1 sj490365 2.48 4.03 1

52b Fenn’s Moss 2 sj478368 1.85 4.03 1

52c Fenn’s Moss 3 sj498378 1.60 4.03 1

53 Little Budworth sj584658 2.71 2.82 6

54 Bickerton Hill sj498527 2.67 4.26 1

55 Ruabon sj225489 0.58 1.44 5

56 Wardlow Hay Cop sk177737 1.22 2.42 1

57 Stanford tl858948 1.81 3.47 2

58 Redgrave+Lophm. tm050797 2.76 5.71 6

59 Dunwich Heath tm470680 1.23 1.32 6

60 Edinburgh nt253734 1.49 3.97 0.87 1.11 5
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APPENDIX (Continued)
Summary of Data from the U.K. National Ammonia

Monitoring Network (Netw) and Comparison with the FRAME Model

Site National Netw. FRAME Netw. FRAME
No Site Name Grid Ref. NH3 NH3 NH4

+ NH4
+ DS

61 Much Hoole sd473231 3.87 9.31 2

62 Midge Hall sd508231 2.72 5.98 6

63 Cardigan sn185453 0.62 3.32 0.48 1.17 1

64 Pwllpeiran sn798771 0.51 0.66 3

65 Allt a Mharcaidh nh895024 0.09 0.06 0

66 Dennington tm276669 4.05 7.05 2

67 Fressingfield tm261759 6.63 7.87 2

68 Bedlingfield tm173684 10.66 11.99 2

70 Cwmystwyth sn771742 1.48 0.74 0.84 0.96 3

71 Myerscough sd498399 3.73 8.27 1

72 Cardoun Burn nx546658 0.19 0.28 0

73 Jenny Hurn sk816986 1.80 1.31 2.23 2.34 6

74 Carlisle ny468554 3.34 5.11 0.90 1.32 1

75 Westhay Moor st455440 1.15 4.81 1

76 Pointon tf128313 4.77 1.64 1.13 2.14 4

77 Carradale nr798378 0.89 0.40108 0.48 0.50 1

78 Auchincruive ns379234 6.03 3.79 0.69 0.93 1

78b Auchincruive 2 ns384229 2.87 3.79 1

79 Coleraine iC884211 2.49 5.42 0.78 0.87 1

80 Lyulphs Tower ny403202 0.80 1.69 0.57 1.28 1

81 Pitmedden nj883278 2.32 8.59 0.56 0.82 2

82 Brompton se389988 3.92 7.06 6

83 Barcombe Mills tq438149 1.05 2.02 1.34 2.11 1

84 Thursley Common su910404 0.39 1.86 6

85 Savarnake su055888 2.90 1.81 1

86 Lakes sd337941 0.39 0.8 1

87 Thetford tl944841 1.98 4.38 6

88 Sherwood sk163905 0.45 0.49 0

89 Rannoch nn603533 0.04 0.06 0

90 Coalburn ny693782 0.21 0.34 5

91 Tummel nn744611 0.06 0.1 5

92 Loch Awe nm966115 0.08 0.18 1

93 Llynn Brianne sn816484 0.27 0.48 6

94 Alice Holt (2) su805427 0.48 1.7 5

Note: At some sites, more than one independent measurement system is applied (not shown here).
Values in µg m–3. DS = dominant source sector: 0, background; 1, cattle; 2, pig + poultry; 3, sheep; 4,
crops + grass; 5, nonagricultural; 6, mixed.


