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Spatial variability of 2H and 18O composition of meteoric freshwater is 

not always dominated by the latitude effect  

Abstract

Coastal regions, and in particular islands where precipitation from clouds formed 

out at sea occurs for the first time, are prime candidates for regions where 2H and 
18O composition of precipitation will deviate significantly from the global mean 

geographic and physiographic trends of vapour-transport patterns.  The results 

reported here are the outcome of a study that aimed to test this hypothesis by 

‘isotopographically’ mapping the characteristic 2H and 18O signatures of 

Scottish freshwaters.  The resulting isotope abundance landscapes or 'isoscapes' 

will underpin studies aiming to authenticate origin of Scottish produce but may 

also offer a baseline against which environmental changes could be assessed.  

Between April 2011 and May 2012 freshwater samples were collected from 127 

different freshwater lochs and reservoirs across Scotland and analysis results 

were compared to precipitation data provided by the British Geological Survey.  

Here we present the results of the 2H and 18O analyses of these water samples as 

well as the first detailed Scotland freshwater isoscapes with a grid resolution of 

about 5 × 5 km (0.05 degrees).

Keywords: coastal regions; continental effect; evaporated rain; freshwater; island; 

isoscapes; Hebrides; hydrogen-2; latitude effect; oxygen-18; precipitation; 

Scotland; stable isotopes; Western Isles
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Introduction

Since the seminal work by Dansgaard [1, 2] and the inception of the Global Network of 

Isotopes in Precipitation (GNIP) by the International Atomic Energy Agency (IAEA) 

and the World Meteorological Organization (WMO) in the 1960s our understanding of 

how factors such as altitude, latitude and temperature influence changes in isotopic 

composition of precipitation has increased quite considerably.  Yet despite these early 

beginnings and the wealth of data collated by the GNIP stations, it was the seminal 

work by Bowen and Wilkinson in 2002 that unlocked the information present therein by 

creating a spatial framework to model and visualise the geographic distribution of 18O 

abundance values (18O values) in precipitation [3].  In their article, Bowen and 

Wilkinson applied a two-step regression technique to deconvolve the effects of latitude 

and altitude on 18O values of global precipitation.  The resulting equation combined a 

second-order polynomial for absolute values of GNIP station latitude (|LAT|) with a 

linear residual for altitude (ALT).  

18Oprecip. = -0.0051(|LAT|)2 + 0.1805(|LAT|) - 0.002(ALT) - 5.247  (1)

During a study into the potential use of 2H and 18O signatures as indication 

of provenance and authenticity of Scottish Single Malt whiskies [4] two of the 

authors (HFK and WMA) measured 18O values of -4.06 ‰ and -4.73 ‰ for water 

samples from precipitation fed freshwater lakes on the Isle of Islay, Scotland, 

UK.  Even accounting for potential effects of time-averaging on the 2H and 18O 

composition of larger bodies of water, these values were significantly different to 

the modelled 18O value of -8.4 ‰ as calculated by the Online Isotopes in Precipitation 

Calculator (OIPC) [5].  The measured 18O values of -4.06 ‰ and -4.73 ‰ were 

also significantly different to 18O values of about -6.5 to -6.0 ‰ one would have 

expected to see based 
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on a published 18O contour map of groundwater and surface waters in the British Isles 

[6].  A similar observation was made for a freshwater sample from Orkney (main 

island).  Here, measured and OIPC calculated 18O values were -5.0 ‰ and -6.9 ‰ 

respectively, while the 18O contour map by Darling, Bath and Talbot (2003) suggested a 

18O value of -6.0 ‰.  While artefacts due to sampling or sample storage of waters 

collected as part of the whisky study could of course not be completely discounted as 

potential explanation for these differences, we formed the hypothesis that these 

differences between measured and expected 18O values were a reflection of the 

sampling locations where 2H and 18O composition of precipitation was dominated by 

the continental effect due to the locations proximity to the North Atlantic and associated 

weather patterns.

Scottish water is the only mandatory requirement for production and bottling of 

Scottish whisky.  Scottish distilleries source the water they use from lochs, reservoirs or 

their outflows.  Therefore, any method aiming to use 2H and 18O analysis as one way to 

prove or disprove geographic origin requires sound knowledge of the spatial variability 

of 2H and 18O composition of freshwater across Scotland.  It was therefore deemed 

necessary to collect freshwater samples across Scotland including additional samples 

from Islay and Orkney. 

The opportunity to revisit the sampling locations on Islay and Orkney and to test 

this hypothesis arose when, part of a wider research project of Scottish freshwaters, the 

Stable Isotope Laboratory at the James Hutton Institute (JHI) in Dundee (UK) was 

given the opportunity to survey predominantly rain water fed freshwater lochs and 

reservoirs for their 2H and 18O composition over a two year period during which a total of 

127 samples were collected, 29 of them on the Hebrides alone.  Scotland’s water 

provides a vital resource for sustaining biodiversity, agriculture, food production as well 
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as for human consumption.  Therefore the aim of this survey was to compile a 2H and 

18O inventory of Scottish freshwater bodies that could be turned into well resolved 

stable isotope contour maps or isoscapes which in turn could serve as both baseline for 

studies in food authenticity or traceability and as a springboard for future surveys into 

the impact of climate change.

As mentioned above we also expected the results of this survey to support or 

disprove our hypothesis for the relatively high 18O values observed for freshwaters on 

the Scottish Islands to be a consequence of the continental effect rather than artefacts.  

As a rule of thumb, 2H and 18O values of precipitation become lower with increasing 

distance to the equator, i.e. the higher the latitude the lower 2H and 18O values of 

precipitation will be.  This latitude effect is illustrated quite nicely by the global 2H 

and 18O isoscapes of precipitation published at 

http://wateriso.utah.edu/waterisotopes/pages/data_access/figures.html.  However, earlier 

work by Darling, Bath and Talbot [6] had already given an indication that across the 

British Isles the continental effect (i.e. proximity to the sea) may outweigh the latitude 

effect.  The Western coastal regions of Ireland and the British Isles receive between 700 

and 1200 mm of rain per year (30 year average) [7] owing to the fact that rain clouds 

formed out in the North Atlantic make their first landfall in Ireland and the Western 

Isles.  This is particularly the case for the Hebrides, the West coast of Scotland but also 

applies to the Orkneys and, to a lesser degree to the Shetland Isles.

Here, we report and discuss the results of this survey of surface freshwater 

collected from lochs and reservoirs in Scotland and the Scottish Isles.  In the context of 

this freshwater survey we also report and discuss results of a survey of precipitation 

samples collected in Scotland and analysed by the British Geological Survey (BGS) 
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which served as a point of reference against which the results of the freshwater survey 

were compared.

Materials and Methods

Collection and analysis of freshwater samples (JHI)

From April 2011 to May 2012, freshwater samples were collected with the support 

of the Scottish Environment Protection Agency (SEPA) from 127 freshwater lochs 

and reservoirs across Scotland.  Lochs and reservoirs were chosen that, 

based on information provided by SEPA, had a residence time of >2.0 years.  Due to 

the potential for evaporation around the margins and on the surface of the Lochs and 

reservoirs [8], samples were collected at least 5 m away from the shore at a depth of at 

least 0.5 m to avoid artefacts in isotopic composition.  On site, samples were pushed 

through syringe filter disks of 0.8 µm pore size into 22 mL glass vials until vials were 

filled to the point of overflowing.  Vials were capped using crimp seals fitted with 

white PTFE/silicon septa.  In the laboratory, samples were inspected for any loss of 

water on account of breakage or leaking crimp seals and nine samples were 

discarded.  Subsamples of the remaining 118 samples were prepared by filling 2 

mL amber glass vials with water ultimately pushed through syringe filter disks of 

0.22 µm pore size.  Vials filled to the point of overflowing were capped by crimp 

sealing and stored in a fridge at +2° to +4° C until analysis.

Sterile filtered water samples were analysed for their 2H and 18O stable isotopic 

composition by direct injection on a DeltaplusXP isotope ratio mass spectrometer system 

(Thermo-Fisher, Bremen, Germany) coupled to a High Temperature 

Conversion Elemental Analyser (Thermo-Fisher, Bremen, Germany).  Samples were 

analysed in 
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replicates of N = 5 and sample volume injected was 0.1 µL.  Measured 2H and 18O 

values were scale normalised to VSMOW by 2-point end-member correction derived 

from contemporaneously analysed samples of VSMOW and SLAP, and 

quality controlled using contemporaneously analysed injections of GISP.  Typical 

errors of measurement for 2H and 18O values were ±0.64 and ±0.19 ‰ respectively.

Collection and analysis of precipitation samples (BGS)

The rainwater samples were collected using a funnel method with silicon oil to prevent 

evaporation.  At the British Geological Survey, oxygen isotope (18O) measurements 

were made using the CO2 equilibration method with an Isoprime 100 mass spectrometer 

plus Aquaprep device (sample volume 100 µl, with random repeats). Hydrogen isotope 

(2H) measurements were made using an online Cr reduction method with a 

EuroPyrOH-3110 system coupled to a Micromass Isoprime mass spectrometer (sample 

volume 2ml, replicates x 3).  Isotope measurements used internal standards 

calibrated against the international standards VSMOW2 and VSLAP2.  Errors 

are typically < ± 0.05 ‰ for 18O and ± 1.0 ‰ for 2H.

Data analysis

Rather than using a strictly spatial interpolation based on latitude and altitude [3] 

we followed a similar approach as van der Veer et al. [9] for European mineral 

waters by first correlating the calibrated results with gridded climate data using the 

WorldClim dataset with ~1km resolution [10]. In addition, we determined the 

distance between each sampling site and the nearest coast and the nearest coast in 

the general westerly wind direction (270°) for the whole of Scotland [11]. We tested 

both multiple linear 
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regression approaches and Random Forrest regression using the R statistical 

environment [12] with multiple spatial analysis packages (sp, rgeos, raster) and home 

written code (JH, pers. commun.; unreferenced).  The Random Forrest regression on a 

combination of: mean temperature in coldest quarter [9], annual mean temperature [9], 

coastal distance in the wind direction (JH, pers. code; unreferenced) and longitude 

provided the most explanation of variance (2H: 82 % and 18O: 78 %) of the data.  

Linear regression on the same parameters provided an adjusted R2 for 2H of 78 % and 

18O of 74 % with mean temperature in the coldest quarter being the most dominant 

explanator of variance for both isotope systems.  The correlation matrix for all the 

parameters is presented as Table 1.  The residuals between the predicted and observed 

values were used to make residual variation maps using the spatial kriging interpolation 

function in "sp" R package.  The Random Forrest models were used in a first step to 

predict 2H and 18O values for all Scottish WorldClim grid cells and subsequently the 

kriging models added to account for the remaining ~20 % (spatial) variation of the data.  

The final data was imported in Surfer (v13) and resampled at a 0.05 x 0.05 degree (~ 5 x 

5km) scale and the resulting 2H and 18O isoscapes are presented in Figures 1a and 

1b.  Importantly, due to uneven spatial distribution of the sampling points it must be 

appreciated that the isoscapes are model interpretations and locations between actual 

measured points are interpolations and not necessarily true values.  It is important to be 

aware of these two latter points for any applications of these maps in a forensic context.

MS Excel 2007 was used to create correlation plots, carry out regression 

analyses and calculate solutions to regression lines presented in Figures 2 to 5.
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Results and Discussion

Survey of Standing Freshwater Bodies in Scotland

Scale normalised 18OVSMOW values of 118 Scottish freshwaters samples collected all 

over Scotland and the Scottish Isles extended over a range from -9.70 to -2.36 ‰.  

Corresponding 2HVSMOW values ranged from -65.6 to -20.4 ‰. Colour gradients in 

Figure 1 represent differences in isotopic composition and clearly show that 

westernmost locations exhibit 18OVSMOW values higher than -4.8 ‰ (Figure 1b). In 

spite of their location > 56° Northern Latitude, water samples collected from lochs on 

the Hebridean islands Harris, Lewis South Uist and North Uist (cf. data sheet provided 

in Supplemental Materials) showed more than 80 % of 18OVSMOW values was higher 

than 18OVSMOW values reported in the GNIP database for South European coastal 

locations such as Brest (-4.31 ‰; 48.36° / -4.57°) or Gibraltar (-4.80 ‰; 36.13° / 

-5.35°).  Analyses of samples from revisited sample locations on the Isle of Islay as well 

as additional sample locations there yielded 18O values that ranged from -4.74 to 

-3.24 ‰ thus confirming the observations made as part of the aforementioned whisky 

authenticity project [4].  Similarly, analysis of a sample from Kirbister Loch on Orkney 

that had also been sampled as part of the whisky project yielded a 18OVSMOW value of 

-4.59 ‰ as compared to the then observed 18OVSMOW value of -5.00 ‰.

Plotting 2H or 18O abundance values of Scottish freshwater versus altitude 

showed weak correlation between the two variables (Figure 2).  Coefficients of 

determination R2 for solutions of linear regression and logarithmic regression analysis 

were 0.38 and 0.42 respectively.  Plotting 2H or 18O abundance values of Scottish 

freshwater versus degree latitude values showed no correlation between isotopic 

composition and degree Northern latitude (Figures 3a and 3b).  Coefficients of 

Isotopes in Environmental & Health Studies

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



Spatial variability of 2H and 18O composition of meteoric freshwater in Scotland page 10

determination R2 for solutions of linear regression and second order polynomial 

regression analysis were 0.091 and 0.115 respectively.  

However, when plotting 2H or 18O abundance values versus degree 

longitude values a different picture emerges.  A plot of data from all sampling 

locations already shows some degree of correlation between 18O abundance and 

degree longitude although values from locations on the Shetland Isles (~+60° 

latitude) appear to buck this trend (Figure 4a).  This interpretation was confirmed by 

re-plotting this data set but this time excluding data from the three Shetland Isles' 

sampling locations (Figure 4b).  Coefficients of determination R2 for solutions of 

linear regression and second order polynomial regression analysis were 0.62 and 

0.65 and, hence, correlation coefficients R were 0.79 and 0.81 respectively.  This 

strongly suggests the predominant driver for 2H and 18O composition of freshwater in 

Scotland and the Scottish Isles is longitude and thus the continental effect, which in 

this case is synonymous with proximity to the Atlantic Ocean, prevailing Westerly 

winds and resulting movement of air masses and rain clouds from the Atlantic.  

This interpretation receives some support from a comparison of measured 18O 

values for sample locations Scotland and France which are in close and unsheltered 

proximity to the Atlantic Ocean with OIPC modelled 18O values (Table 2).  For 

these locations, differences between measured and OIPC modelled 18O values 

range from 0.89 to 3.82 ‰.  By contrast, for the comparatively sheltered location on 

the West Coast of Norway the difference between GNIP measured and OIPC modelled 

18O value was only 0.15 ‰.  Noteworthy are also the within 0.71 ‰ similarity 

between 18O values for precipitation in Brest and Lochan na Crege Duibhe and 

freshwater of Loch An Eilan Liath, or the identical within error 18O values for Loch 

Osgaig and Valentia Island (Ireland) despite the more than 6° difference in Northern 

Latitude.  The Scottish sample locations presented in Table 2 were selected 
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because they were the closest match to locations for which data were available in the 

GNIP data base in terms of latitude, longitude and coastal location.

Greater similarities between 18O values of Scottish water, GNIP data and OIPC 

modelled 18O values were found when comparing sample location of comparable 

inland locations sheltered from the open seas (Table 3).  For these locations modelled 

18O values are consistent with measured 18O values though for one Scottish Highland 

location the OIPC modelled 18O value underestimated the measured 18O values by 

3.3 ‰.

Comparing Standing Freshwater with Precipitation

While some may argue time averaged 2H and 18O abundance values of 

freshwater bodies with residence times of >2 years might not be a good proxy for isotopic 

composition of meteoric  water, i.e. annual  average  δ2H and  δ18O  values  of 

precipitation. Regrettably, we were  not  in a position  to  compare freshwater  2H and 

δ18O values with corresponding annual average values of precipitation for the survey 

period 2011/12 or any of the preceding two years.  Searching the GNIP data base for  

δ2H and 18O values of precipitation in 2011 or any of the preceding two years returned no 

data for sample locations between 55.0° and 60.9° Northern Latitude and -7.45° and 

-0.88° Western Longitude.  The nearest GNIP sample location for which 2H and 18O 

values were available was  Wallingford in England at 51.60° Northern Latitude and -1.10° 

Western Longitude.

Quite fortuitously, the British Geological Survey (BGS) had data from analysing 

samples of a survey of precipitation at 21 locations in Scotland collected in the period of 

January to February 2002 and again in the period of January to March of 2005.  

Precipitation records by the UK Met Office show for years 2005 to 2011, rainfall in 
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Scotland as a whole or in Scottish regions such as the Highlands from January to May 

typically amounted to 40 % of the total annual rainfall total (Table 4; note, hydrological 

summaries for the UK published by the UK Met Office referenced in Table 4 only 

provide precipitation amount for certain time frames; the Jan to May record was the 

closest match to the time frame of precipitation sampling).  Given five months represent 

41.67 % of a whole year, the BGS precipitation samples ought to be a fairly 

representative in terms of rainfall accumulation in mm rainfall during the period of their 

collection.  While there is not a 100 % coincidence in sampling locations between the 

BGS and the JHI data, longitude and latitude of the 21 BGS sampling locations were 

still quite close to corresponding JHI sampling locations (Supplemental Material and 

Table 5).  Data provided by the BGS were thus deemed suitable to serve in a 

comparative capacity as points of reference, a kind of benchmark to compare against 

and thus gauge measured 2H and 18O values of the JHI survey samples.  Based on 

available information regarding recharge rates, it is obvious samples from standing 

bodies of freshwater we surveyed would yield time averaged 2H and 18O abundance 

values of the last two years prior to 2011 at least.  For the avoidance of doubt, therefore 

no claim is made for 2H or 18O values of these precipitation samples to represent 

annual averages for years 2002 or 2005.  However, work by van der Veer et al. has 

shown the coldest months dominate the annual mean isotope values of precipitation in 

Europe and thus provide a good approximation of annual average values [9].  The 

spreadsheet supplied as Supplementary Material lists all GPRS grid references, location 

names, date of collection (where known) and results of stable isotope analyses of both 

precipitation samples collected and analysed by BGS (formatted in Italics) and 

freshwater body survey samples collected and analysed by JHI.  A representative 

sample from either data set is presented in Table 5.  
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Comparing solutions of linear regression analyses of 18O / 2H correlation plot 

of both the JHI freshwater survey and the BGS precipitation survey shows results of the 

two surveys to be in very good agreement (Figure 5).  With a slope of 6.97 for 

the freshwater regression line and slopes of 6.73 or 6.28 for the two precipitation 

regression lines respectively (Figure 5), the slopes of any of these Scottish Water 

Lines are shallower than that of 8.0 of the Global Meteoric Water Line (GMWL) [13].  

However, the slope of the freshwater line is steeper than the slopes of either 

precipitation line.  The findings for these two regional precipitation lines are however 

in good agreement with the slope of 6.798 reported for the regression line for 

monthly precipitation samples from Valentia Island on the West Coast of Ireland 

[14].  A slope of <8 is usually interpreted as representing evaporation trend of 

residual water after evaporation; the shallower the slope, the greater the evaporative 

trend.  However, by taking samples well below the water surface great care was taken 

during sample collection of standing freshwater bodies to at least minimize if not 

exclude any mass discriminatory influences surface evaporation may have had on 

sample isotopic composition of the freshwater samples.  While a cumulative effect of 

evaporation owing to convection of water layers over a prolonged period of time cannot 

be excluded, it seems strange for bodies of water fed almost entirely by precipitation to 

show consistently lower 2H and 18O values than the precipitation feeding them 

(Table 5 and Figure 5).  A possible first explanation could be the contribution of 

snow melt water.  Very low 18O values have been documented for a remote 

mountain lake in Scotland [15]. It is noteworthy that the difference in 2H (and 

18O) values between freshwater and precipitation is stronger for locations in the West 

of Scotland and becomes less pronounced for more Easterly locations (Table 5). 
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The finding of Scottish freshwater 2H and 18O values in mainland Scotland 

locations between approximately -4.7° and -2.7° Western Longitude and 56.2° and 

58.2° Northern Latitude being very similar to those of precipitation in corresponding 

locations (Table 5) within 2 ‰ and 0.2 ‰ respectively, as well as being similar to 

isotopic abundance values calculated using the OIPC (Table 3) suggests whichever 

singular effect or combination of effects dominates isotopic composition of freshwater 

bodies and precipitation on the West Coast of Scotland is replaced by latitude and 

altitude driven effects for more inland locations.  With a slope of almost 7, the 

freshwater regression line is much closer to the slope of 8 of the GMWL and therefore 

presumably already a reflection of 2H and 18O values of Scotland's freshwater bodies 

representing time averaged 2H and 18O abundance values of Scotland's precipitation 

(Figure 5).  A possible interpretation of measured freshwater 2H and 18O values being 

significantly lower than precipitation 2H and 18O values for the Western half of 

Scotland (Table 5) might be for the isotopic composition of water in these reservoirs to 

be less a result of evaporative loss from the water surface but representing an integrated 

time average of the precipitation feeding the freshwater bodies over the years.  As a 

consequence of seasonal changes in temperature and humidity, isotopic composition of 

precipitation will be subject to seasonal if not monthly variability.  Run-off from snow 

melt, as mentioned above, could be a strong influence that would cause averaged 

isotopic abundance values of these freshwater bodies to be lower than those of 

precipitation.  A longitudinal survey of precipitation and freshwater at a remote Scottish 

mountain loch reported 18O values for snow as low as -10 ‰ and on one occasion even 

-16.7 ‰ [15].  The authors of that study concluded precipitation amount to be of 

particular importance since it controls catchment and lake residence times, and 
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determines the degree of phase lag and amplitude change between 18O(freshwater 

body) and 18O(precipitation).

From a precipitation perspective, a potential explanation for higher 2H and 

18O values observed for the precipitation samples may be water loss incurred during 

rainfall by partial evaporation of rain drops while they are falling from the clouds to the 

ground [16].  This evaporative process can occur when rain falls through air of 

relatively low humidity resulting in the rain reaching the surface being isotopically 

heavy.  Conversely, and in the Scottish climate more likely, with increasing humidity 

levels falling rain droplets will increasingly interact with vapour molecules and 

exchange will occur.  In particular at coastal locations of low altitude, 18O values of 

precipitation are less likely to be influenced by the amount of precipitation.  This is 

exactly what a study of precipitation in the British Isles has found for a low altitude 

sampling site on the East Coast of Scotland near Montrose [17].  In these locations 

raindrops are more likely to encounter vapour parcels in the initial stages of moisture 

depletion because rainout occurs as a function of progressive cooling e.g. due to 

convective uplift of a vapour parcel [17].  In other words, because of the positive 

direction of the isotopic fractionation between liquid and vapour, this process also 

results in the liquid rain drops becoming richer in the heavier isotopes [18].  The two 

processes of evaporation and exchange are therefore further drivers in addition to the 

continental effect for the observed enrichment in heavy isotopes in precipitation in the 

West of Scotland.  For West coast precipitation to be fed by rain relatively 2H and 18O 

rich would also fit with the finding of small d-values (d = 2H - 818O [1]) around zero 

for the water lines of all three data sets (see Figure 5). d-values are predominantly 

controlled or influenced by levels of atmospheric humidity during vapour formation or 

condensation with low d-values being consistent with the general pattern of 

Isotopes in Environmental & Health Studies

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



Spatial variability of 2H and 18O composition of meteoric freshwater in Scotland page 16

precipitation in the northern hemisphere [7].  This potential explanation receives further 

support from modelled d-values across Scotland shown in Figure 6.  Along the Western 

islands and West coast regions d-values are consistently close to zero, ranging from +1 

to +3 ‰.  By comparison, in more inland and/or higher altitude regions of 

Scotland between approximately -4.7° and -2.9 Western Longitude and 56.6° and 57.5° 

Northern Latitude, d-values are of the order of +6 to +8, even >+10 ‰ in places, i.e. 

values close to the d-value of the GMWL.  The combined Random Forrest and 

kriging modelling show a general trend of d-values increasing from coast into the 

Highlands.  However, it should be noted individual measurements show larger 

variations in d-values which is probably indicative of varying atmospheric 

conditions for the specific precipitation samples.

Conclusions

Results from the standing freshwater survey confirmed observations made during an 

earlier study [4], namely, for 2H and 18O values of freshwater bodies in the West of 

Scotland's and Scottish Isles to be higher than one would expect based on data from the 

nearest GNIP stations (Valentia, Wallingford and Keyworth) or on currently available 

modelled OIPC data.  Clearly, more regularly monitored sampling points than 

the current three GNIP sites in Ireland and the UK are required for extrapolated 

regression models and isoscapes to provide a more realistic data set underpinning 

any modelled representation of 2H and 18O values in meteoric water of Scotland if 

not Ireland and the entire British Isles.

The strong correlation seen between 2H and 18O values of Scottish freshwaters 

and longitude contrasts the weak correlation seen between these values and either 
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altitude or latitude.  We therefore conclude the influence of a strong continental effect 

due the prevailing wind direction and resulting movement of air masses and rain clouds, 

potentially in combination with the effect of evaporative and/or exchange driven 

enrichment in the falling droplets offer a conceivable explanation for the findings of 

higher than expected 2H and 18O values of Scottish precipitation and freshwater 

bodies in Scotland especially on the Western Isles and on West Coast locations [14].  

We also conclude existing algorithms for calculating expected regional 2H and 18O 

values of precipitation, particularly, if predominantly based on GNIP data, may need to 

be reassessed and possibly amended by a term accounting for continental effects.

Irrespective as to the exact nature of the underlying effect or combination 

of effects for the difference between 2H and 18O values of Scottish freshwater and 

those of precipitation, especially along the West Coast and on the Western Isles, we 

conclude 2H and 18O values of Scotland's freshwater bodies may be a useful proxy for 

isotopic composition of Scotland's precipitation when it comes to cost effective 

longitudinal monitoring on a like-for-like basis to study e.g. what, if any effects climate 

change may have on Scotland's water budget.  Of course, time and cost involved in 

sampling and analysing water from >100 locations on a regular basis in Scotland alone 

would still be prohibitive.  However, annual sampling of freshwater bodies would still 

be a more cost effective way to generate data sets and isoscapes albeit based on time 

averaged 2H and 18O values than sampling and analysis of precipitation from 

>100 locations on a monthly basis.  Hence, future work will focus on using the data

set discussed here to determine the minimum number and optimal location of 

samples required to create isoscapes providing a realistic picture so any 

longitudinal changes can be detected, monitored and interpreted in a meaningful way.
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Table 1: Correlation matrix between 2HVSMOW, 18OVSMOW and d−excess of Scottish freshwaters and a set of nine variables.  Strongly 
correlated variables are formatted in bold face.

Long
WGS84

Lat
WGS84

Elevation
[m] 2H 18O d−excess

DistCoast
Min

DistCoast
225

DistCoast
270 BIO1_avg_T BIO8_avg_T BIO11_avg_T

Long_WGS84 1.00 0.09 0.42 −0.66 −0.64 0.18 0.55 0.50 0.63 −0.57 −0.58 −0.57
Lat_WGS84 0.09 1.00 −0.29 0.26 0.30 −0.32 −0.42 −0.07 −0.24 0.01 0.37 0.33
Elevation_m 0.42 −0.29 1.00 −0.61 −0.61 0.25 0.73 0.49 0.58 −0.78 −0.72 −0.79
d2H −0.66 0.26 −0.61 1.00 0.98 −0.34 −0.74 −0.61 −0.74 0.64 0.80 0.81
d18O −0.64 0.30 −0.61 0.98 1.00 −0.52 −0.73 −0.59 −0.74 0.63 0.79 0.79
d−excess 0.18 −0.32 0.25 −0.34 −0.52 1.00 0.21 0.11 0.27 −0.16 −0.28 −0.23
DistCoastMin 0.55 −0.42 0.73 −0.74 −0.73 0.21 1.00 0.58 0.72 −0.74 −0.81 −0.84
DistCoast225 0.50 −0.07 0.49 −0.61 −0.59 0.11 0.58 1.00 0.68 −0.49 −0.51 −0.58
DistCoast270 0.63 −0.24 0.58 −0.74 −0.74 0.27 0.72 0.68 1.00 −0.56 −0.65 −0.68
BIO1_avg_Ta) −0.57 0.01 −0.78 0.64 0.63 −0.16 −0.74 −0.49 −0.56 1.00 0.84 0.90
BIO8_avg_Ta) −0.58 0.37 −0.72 0.80 0.79 −0.28 −0.81 −0.51 −0.65 0.84 1.00 0.95
BIO11_avg_Ta) −0.57 0.33 −0.79 0.81 0.79 −0.23 −0.84 −0.58 −0.68 0.90 0.95 1.00

a) BIO1_avg_T: Annual mean temperature;  BIO8_avg_T: Mean temperature of wettest quarter;  BIO11_avg_T: Mean temperature of coldest quarter.
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Table 2: Examples of 18OVSMOW values of Scottish freshwater*, 18OVSMOW values of precipitation$ (GNIP values marked with #) and OIPC 
18OVSMOW values for comparable near coastal locations.

Latitude Longitude Altitude 
[m]

103 × 
18OVSMOW

OIPC
18OVSMOW

Location

60.80 −0.89 5 −4.28* −8.1 Loch of Cliff, Unst (Shetland)*

58.12 −6.51 32 −3.60* −6.5 Loch An Eilan Liath, Isle of Lewis*

58.10 6.57 10 −6.85# −7.0 Lista, Norway#

58.06 −5.33 22 −5.43* −6.4 Loch Osgaig*

58.05 −5.38 100 −3.70$ −6.6 Lochan na Crege Duibhe$

48.36 −4.57 80 −4.31# −5.2 Brest, France#

51.93 −10.25 9 −5.51# −5.5 Valentia Island, Ireland#
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Table 3: Examples of 18OVSMOW values of Scottish freshwater*, 18OVSMOW values of precipitation$ (GNIP values marked with #) and OIPC 
18OVSMOW values for comparable inland locations in Scotland and continental Europe.

Latitude Longitude Altitude 
[m]

103 × 
18OVSMOW

OIPC
18OVSMOW

Location

57.41 −3.39 142 −9.70* −6.4 Cragganmore*

52.07 23.41 142 −9.40# −9.4 Brest, Belarus#

49.49 23.57 329 −9.86# −9.4 Riga, Latvia#

56.42 −4.34 290 −7.00$ −7.1 Lochan Lairig Cheile$

55.50 −3.16 248 −7.50* −8.5 St Marys Loch*

53.87 8.72 12 −7.14# −7.5 Cuxhaven, Germany#

58.29 −4.36 82 −6.73* −6.7 Loch Naver*

57.08 −2.92 160 −6.51* −6.4 Loch Kinord*
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Table 4: Rainfall accumulations data in [mm] for Scotland and the Scottish Highlands for selected years and time periods.  Data were collated 
by and available from the UK Met Office at https://www.metoffice.gov.uk/climate/uk/about/archives.

Scotland Highlands Jan−May as %age of 
12 months

June 2004 − May 2005 1738 2227 40.0

Jan 2005 − May 2005 696 909 40.8

June 2010 − May 2011 1511 1722 40.4

Jan 2011 − May 2011 611 746 43.3
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Table 5: Examples of 2HVSMOW and 18OVSMOW values of precipitation samples provided by the BGS (shown in boldface and italics) and the 
JHI freshwater survey collected at similar or close vicinity locations.  Entries are sorted by Longitude from West to East.

Longitude Latitude Altitude 
[m]

103 × 
2HVSMOW

S.D. 103 × 
18OVSMOW

S.D. difference
in 2H

−5.61111 57.686213 150 −44.4 0.6 −6.45 0.09 10.1
−5.59571 57.913190 24 −34.3 1.0 −5.10 0.05
−5.59779 56.74864 12 −48.8 0.7 −6.64 0.28 9.4
−5.58681 56.75013 10 −39.4 1.0 −6.10 0.05
−5.59571 57.91319 24 −34.3 1.0 −5.10 0.05
−5.58124 57.74235 11 −47.1 0.4 −6.36 0.16 12.8

−5.382300 58.05030 100 −26.3 1.0 −3.70 0.05
−5.330958 58.06302 22 −39.2 1.0 −5.43 0.07 12.9
−5.05146 58.206050 428 −37.5 1.0 −5.90 0.05
−5.04162 58.061143 114 −44.4 0.8 −6.33 0.18 6.9
−4.67665 56.217829 12 −44.1 0.3 −5.41 0.05 1.9
−4.64400 56.651470 282 −46.0 1.0 −6.70 0.05
−4.24001 58.13393 400 −38.5 1.0 −5.50 0.05
−4.14973 58.522051 115 −39.8 0.6 −5.38 0.13 1.3
−3.23333 56.95840 785 −60.0 1.0 −9.00 0.05
−3.20112 56.71734 310 −61.7 1.0 −9.18 0.04 1.7
−3.18450 56.66748 200 −61.5 0.3 −8.92 0.09 1.5
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Figure 6: Isoscape of d-values of water in Scottish freshwater lochs and reservoirs with 
sample locations shown as red dots.

Isotopes in Environmental & Health Studies

Spatial variability of 2H and 18O composition of meteoric freshwater is not 

always dominated by the latitude effect  

Jurian Hoogewerff1, Helen F. Kemp2, Melanie J. Leng3, Wolfram Meier-

Augenstein2,4,

Figure legends

Figure 1: Isoscapes of (a) 2H values and (b) 18O values of water in Scottish freshwater 
lochs and reservoirs with sample locations shown as red dots and their size representing the 
value of the original measurement.

Figure 2: Correlation plot of altitude / 18OVSMOW of Scottish freshwaters from all sampling 
locations together with solutions of linear as well as logarithmic regression analysis.  Typical 
uncertainty of 18O measurement was ± 0.16 ‰.  Measurement uncertainty values of 
individual data are given in the Supplementary Material.

Figure 3: (a) 18OVSMOW values of Scottish freshwaters plotted against latitude of sampling 
locations including Shetland Isles (encircled in red) and (b) excluding Shetland Isles.  Dotted 
and dashed lines illustrate linear regression and 2nd order polynomial regression respectively.

Figure 4: (a) 18OVSMOW values of Scottish freshwaters plotted against longitude of all 
sampling locations including Shetland Isles (encircled in red) and (b) excluding 
Shetland Isles.  Dotted and dashed lines illustrate linear regression and 2nd order polynomial 
regression respectively

Figure 5: Correlation plot of 18OVSMOW / 2HVSMOW values of Scottish freshwaters from all 
sampling locations (diamonds; solid line) and of Scottish precipitations samples analysed 
by the British Geological Survey (squares; dashed line: Jan-Feb 2002; circles; dotted line: 
Jan-March 2005).  GMWL (dash-dot-dotted line) is shown for comparison,
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Longitude WGS84 Latitude WGS84 Elevation [m] d2HVSMOW S.D. d18OVSMOW

-7.448333 57.651667 8 -29.1 0.6 -4.11
-7.408636 57.219841 3 -27.1 0.6 -3.94
-7.396377 57.219049 4 -23.3 1.3 -3.47
-7.388730 57.148444 2 -21.5 0.8 -3.37
-7.377837 57.295351 4 -19.5 0.8 -2.87
-7.374086 57.257299 11 -28.0 0.7 -4.16
-7.329682 57.322414 3 -28.2 1.1 -4.06
-7.329558 57.457712 17 -24.9 0.2 -3.60
-7.281330 57.527146 2 -23.2 0.8 -2.99
-7.262955 57.582303 10 -27.5 0.3 -4.13
-7.240350 57.586448 6 -25.0 0.6 -3.60
-7.235971 57.584435 6 -24.1 0.2 -3.50
-7.209619 57.617867 52 -25.2 0.6 -3.93
-6.973408 57.793457 33 -27.7 0.5 -3.78
-6.945412 56.465469 22 -25.7 0.3 -3.89
-6.900686 57.786086 9 -20.4 0.2 -2.36
-6.761160 58.239388 32 -27.1 0.9 -3.23
-6.756762 57.910697 20 -30.2 0.8 -4.30
-6.709305 58.315109 33 -24.8 1.1 -2.99
-6.655549 58.077045 18 -24.3 0.6 -3.19
-6.576515 58.343132 30 -32.6 1.0 -4.73
-6.571865 58.051606 14 -27.3 0.7 -3.50
-6.567895 58.180778 111 -30.4 0.4 -4.11
-6.550946 58.363464 2 -32.3 0.5 -4.81
-6.531843 58.159045 43 -27.7 0.9 -3.77
-6.515348 58.119311 32 -27.9 0.2 -3.60
-6.496279 58.113266 32 -27.1 0.8 -3.80
-6.492715 58.160468 79 -28.8 0.5 -3.73
-6.473916 58.173622 64 -27.5 0.1 -3.22
-6.411746 55.758596 15 -21.7 0.9 -3.24
-6.298972 55.623610 72 -24.1 0.8 -3.67
-6.290080 55.621232 72 -23.4 0.9 -3.75
-6.242818 55.791960 26 -28.0 0.3 -4.17
-6.170802 57.489578 142 -40.9 1.0 -6.04
-6.138459 55.812655 90 -29.0 0.9 -4.74
-6.043001 56.548202 82 -38.7 0.8 -5.47
-5.977346 56.481081 18 -45.7 0.7 -6.13
-5.787503 56.744183 2 -47.6 0.3 -5.75
-5.776469 56.588607 11 -46.3 1.1 -6.38
-5.715889 56.784223 20 -45.7 0.5 -6.64
-5.629786 57.746990 117 -38.8 1.5 -5.25
-5.611110 57.686213 150 -44.4 0.6 -6.45
-5.597796 56.748640 12 -48.8 0.7 -6.64
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-5.595710 57.913190 24 -34.3 -5.1
-5.586810 56.750130 10 -39.4 -6.1

-5.581240 57.742350 11 -47.1 0.4 -6.81
-5.579416 57.513422 41 -44.2 0.6 -6.36

-5.464740 57.499740 352 -46.3 -6.9
-5.447450 56.782830 232 -37.4 -6.0

-5.432367 56.384083 14 -43.3 0.7 -5.84
-5.430590 57.491680 238 -46.3 -6.7
-5.382300 58.050300 100 -26.3 -3.7
-5.346910 57.562250 93 -46.0 -6.9

-5.330958 58.063020 22 -39.2 1.0 -5.43
-5.251667 56.928333 358 -60.0 2.3 -7.85

-5.242370 57.796880 517 -47.5 -7.2
-5.196552 58.032628 61 -43.6 0.6 -6.25
-5.187294 57.521851 154 -47.1 1.1 -6.75

-5.137450 57.999960 84 -38.1 -5.4
-5.099949 57.728090 259 -50.8 1.0 -7.28
-5.095029 57.910949 80 -53.7 0.9 -7.11

-5.066500 58.044820 230 -36.5 -6.0
-5.051460 58.206050 428 -37.5 -5.9

-5.041619 58.061143 114 -44.4 0.8 -6.33
-5.041530 57.088220 240 -41.4 -6.2

-5.015655 57.147716 222 -54.8 0.7 -7.20
-5.013490 58.179990 117 -42.0 -5.9
-5.011890 58.221370 164 -40.8 -5.7

-5.011247 56.953991 66 -51.6 0.9 -7.18
-4.984298 56.041519 31 -43.8 0.8 -6.38
-4.980731 56.933376 28 -51.1 1.2 -7.17
-4.947721 58.342931 37 -44.8 0.5 -6.60

-4.936170 58.656944 90 -35.0 -5.0
-4.920940 57.079566 83 -54.3 0.2 -7.59
-4.810748 57.701143 257 -56.7 1.1 -7.69
-4.754114 56.608530 300 -55.7 0.1 -7.49

-4.753988 56.593363 294 -39.4 -5.8
-4.737430 58.241409 111 -52.1 0.6 -7.18
-4.676650 56.217829 12 -44.1 0.3 -5.41

-4.644010 56.651470 282 -46.0 -6.7
-4.642970 57.596501 66 -55.9 0.7 -7.84
-4.634739 55.031721 112 -32.3 0.6 -4.56
-4.621786 58.473847 12 -48.3 0.4 -7.01
-4.613505 57.574702 33 -45.5 0.5 -6.19
-4.598760 57.151659 302 -53.9 0.8 -6.90
-4.591447 56.683126 294 -55.0 0.5 -7.49
-4.585833 56.064451 16 -44.5 0.6 -5.13
-4.535971 56.929354 286 -50.6 0.5 -7.25
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-4.535218 56.205639 91 -52.5 0.3 -7.12
-4.516975 56.534027 345 -56.6 0.7 -8.37
-4.514360 56.678245 282 -61.5 0.5 -8.15

-4.509900 56.228250 420 -44.9 -6.5
-4.505759 57.581865 129 -42.6 0.5 -5.15
-4.449275 56.183178 36 -52.6 0.2 -7.02
-4.421682 58.033564 104 -50.9 0.3 -7.30
-4.392177 56.227930 87 -51.3 1.1 -6.95
-4.387077 55.087404 225 -31.2 0.6 -5.67
-4.373981 58.370140 113 -46.4 0.8 -6.73
-4.361352 58.298855 82 -47.8 0.8 -6.73

-4.339310 56.420320 290 -46.3 -7.0
-4.334683 57.397586 115 -55.1 0.8 -7.75
-4.285581 56.266910 122 -54.7 0.6 -7.10
-4.278441 57.884363 40 -52.0 0.4 -7.06
-4.267461 57.324369 230 -50.2 0.6 -6.55
-4.263096 56.229632 140 -53.1 0.1 -7.32
-4.255046 57.361118 217 -46.0 0.9 -6.10

-4.240007 58.133928 400 -38.5 -5.5
-4.149730 58.522051 115 -39.8 0.6 -5.38
-4.115581 56.390632 97 -56.2 1.3 -8.19
-4.018429 56.581572 106 -57.1 0.8 -7.67
-3.941832 58.047980 38 -59.1 0.2 -7.81
-3.921700 57.116419 217 -63.2 0.4 -7.56
-3.825568 56.511706 270 -62.5 0.4 -8.34
-3.703201 57.166927 319 -63.5 0.4 -8.48
-3.697954 57.412813 296 -54.8 0.3 -6.73
-3.612302 55.364348 339 -45.5 0.1 -6.82
-3.580794 58.397392 122 -45.6 0.4 -5.62
-3.575601 58.510997 68 -36.4 0.7 -4.80
-3.534352 56.567613 123 -62.0 0.7 -8.68
-3.500595 56.534537 37 -60.5 0.9 -8.90
-3.433623 56.568262 55 -63.8 0.1 -9.12
-3.413200 57.413317 152 -55.4 1.3 -8.49
-3.392222 57.411388 142 -65.6 0.5 -9.70
-3.300572 59.124655 14 -32.7 0.8 -4.53

-3.233330 56.958400 785 -60.0 -9.0
-3.217903 59.146832 41 -31.5 0.1 -4.19
-3.201120 56.717340 310 -61.7 1.0 -9.18
-3.184500 56.667480 200 -61.5 0.3 -8.92
-3.160131 56.945382 399 -62.0 0.7 -9.12
-3.158646 55.501893 248 -50.2 1.0 -7.50
-3.098009 58.948889 16 -33.0 0.5 -4.59
-3.000105 56.601042 78 -59.8 0.3 -8.60
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-2.922766 57.078341 160 -54.5 0.6 -6.51
-2.900768 56.766720 244 -59.8 0.2 -8.70
-2.900193 56.751578 244 -61.0 0.1 -8.88
-2.776240 56.653856 59 -55.2 0.6 -7.16
-1.335851 59.941903 8 -31.4 0.7 -4.27
-1.224121 60.242085 30 -33.5 0.7 -4.34
-0.889168 60.801037 5 -31.6 0.3 -4.28

Entries formatted bold and in Italics are precipitation data from the British Geological Survey 
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S.D. d-excess Date LOCATION NAME
0.07 3.78 w/c 08.03.2012 LOCH OLABHAT, WESTERN BAY 
0.13 4.42 w/c 08.03.2012 LOCH CHILL DONNAIN UARACH
0.09 4.46 26.03.2012 LOCH NA MUILNE (SOUTH UIST)
0.17 2.66 w/c 26.03.2012 LOCH DUN NA CILLE (SOUTH UIST)
0.26 0.66 w/c 26.03.2012 LOCH NAN CNAMH (SOUTH UIST)
0.07 5.28 w/c 08.03.2012 MID LOCH OLLAY  SOUTH UIST
0.08 4.28 w/c 08.03.2012 LOCH DRUIDIBEG  SOUTH UIST
0.05 3.90 w/c 26.03.2012 LOCH a� BHURSTA  BENBECULA
0.26 0.72 w/c 08.03.2012 LOCH CARAVAT
0.17 5.54 w/c 08.03.2012 LOCH NAN EUN,  NORTH UIST
0.23 3.80 w/c 08.03.2012 NORTH LOCH SCADAVAY
0.13 3.90 w/c 08.03.2012 SOUTH LOCH SCADAVAY, NORTH UIST
0.13 6.24 w/c 08.03.2012 LOCH FADA NORTH UIST
0.11 2.54 w/c 26.03.2012 LOCH LANGAVAT  HARRIS
0.37 5.42 09.11.2011 LOCH A PHUILL
0.15 -1.52 w/c 30.04.2012 LOCH HUMNAVAT (HARRIS)
0.16 -1.26 w/c 26.03.2012 LOCH NA MUILNE (LEWIS)
0.10 4.20 w/c 26.03.2012 UPPER LOCH LACASDALE, HARRIS
0.33 -0.88 w/c 26.03.2012 LOCH RAONAVAT (LEWIS)
0.09 1.22 w/c 26.03.2012 LOCH STRANNDABHAT, ISLE OF LEWIS
0.13 5.24 w/c 08.03.2012 LOCH URRAHAG (LEWIS)
0.24 0.70 w/c 26.03.2012 LOCH SGIOBACLEIT, ISLE OF LEWIS
0.03 2.48 w/c 26.03.2012 LOCH GIL SPEIREIG (LEWIS)
0.09 6.18 w/c 08.03.2012 LOCH MOR BHARABHAIS, ISLE OF LEWIS
0.18 2.46 w/c 30.04.2012 LOCH THOTA BRIDEIN (LEWIS)
0.05 0.90 w/c 30.04.2012 LOCH NA EILEAN LIATH (LEWIS)
0.03 3.30 w/c 26.03.2012 LOCH NAN RITHEANAN
0.05 1.04 w/c 30.04.2012 LOCH SANDAVAT (LEWIS)
0.06 -1.74 w/c 30.04.2012 LOCH LEINISCAL (LEWIS)
0.05 4.21 24.05.2012 LOCH GORM
0.03 5.27 24.05.2012 LOWER GLENASTLE LOCH
0.17 6.64 24.05.2012 GLENASTLE LOCH
0.09 5.39 24.05.2012 LOCH SKERROLS
0.20 7.42 26.09.2011 LOCH LEATHAN (ISLE OF SKYE)
0.05 8.94 24.05.2012 LOCH LOSSIT
0.18 5.06 05.09.2011 LOCH FRISA
0.42 3.34 05.09.2011 LOCH BA, ISLE OF MULL
0.50 -1.60 29.08.2011 LOCH SHIEL
0.33 4.74 03.10.2011 LOCH ARIENAS
0.13 7.42 16.07.2012 RIVER MOIDART by BRUNERY WOOD
0.42 3.20 02.08.2011 LOCH TOLLAIDH
0.09 7.20 02.08.2011 LOCH BAD AN SCALAIG
0.28 4.32 14.09.2011 LOCH DOILET
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Jan-March 2005 Loch Dubh Camas an Lochain
Jan-March 2005 Loch Doilean

0.09 7.38 02.08.2011 LOCH MAREE
0.16 6.68 16.08.2011 LOCH DAMH SWC

Jan-March 2005 Loch Nan Eion
Jan-March 2005 Lochan Dubh

0.16 3.42 20.10.2011 LOCH NELL
Jan-March 2005 Loch Coire Fionnaraich
Jan-March 2005 Loch na Creige Duibhe
Jan-March 2005 Loch Clair

0.07 4.24 09.08.2011 LOCH OSGAIG
0.63 14.28 15.09.2011 LOCH ERICHT

Jan-March 2005 Loch Toll an Lochain
0.22 6.40 August 2011 LOCH LURGAINN
0.22 6.90 16.08.2011 LOCH SGAMHAIN

Jan-March 2005 Lochan an Dubha
0.14 7.44 02.08.2011 LOCH A BHRAOIN 
0.18 3.18 31.08.2011 LOCH ACHALL 

Jan-March 2005 Lochan Fhionnlaidh
Jan-March 2005 Loch Bealach Cornaidh

0.18 6.24 09.08.2011 LOCH VEYATIE 
Jan-March 2005 Loch Bad an Losguinn

0.42 2.80 01.09.2011 LOCH CLUANIE
Jan-March 2005 Lochan Feoir
Jan-March 2005 Loch nan Eun

0.37 5.84 29.09.2011 LOCH ARKAIG
0.27 7.24 02.11.2011 LOCH ECK
0.23 6.26 31.08.2011 LOCH LOCHY
0.23 8.00 11.08.2011 LOCH STACK

Jan-March 2005 Loch a Chem Alltain
0.31 6.42 27.09.2011 LOCH GARRY
0.15 4.82 31.08.2011 LOCH GLASCARNOCH
0.13 4.22 07.09.2011 LOCH BA

Jan-March 2005 Loch na Achlaise
0.43 5.34 06.10.2011 LOCH MERKLAND
0.05 2.78 25.11.2011 LOCH LOMOND (North)

Jan-March 2005 Loch Laidon
0.15 6.82 25.08.2011 LOCH GARVE
0.22 4.18 11.10.2011 LOCH OCHILTREE
0.09 7.78 16.08.2011 LOCH HOPE
0.13 4.02 19.09.2011 LOCH ACHILTY
0.32 1.30 18.08.2011 LOCH TARFF
0.43 4.92 11.08.2011 LOCH LAIDON
0.08 0.14 25.11.2011 LOCH LOMOND (South)
0.16 7.40 08.09.2011 LOCH LAGGAN
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0.27 4.46 17.08.2011 LOCH CHON 
0.15 10.36 23.06.2011 LOCH LYON
0.20 3.70 11.08.2011 LOCH EIGHEACH

Jan-March 2005 Loch Tinker
0.39 -1.40 19.09.2011 LOCH USSIE
0.37 3.56 17.08.2011 LOCH ARD
0.70 7.50 06.10.2011 LOCH SHIN 
0.09 4.30 16.08.2011 LOCH ACHRAY
0.28 14.16 25.10.2011 LOCH DEE
0.05 7.44 16.08.2011 LOCH LOYAL
0.16 6.04 16.08.2011 LOCH NAVER 

Jan-March 2005 Lochan Lairig Cheile
0.16 6.90 18.08.2011 LOCH NESS
0.41 2.10 16.08.2011 LOCH LUBNAIG
0.37 4.48 13.09.2011 LOCH MIGDALE
0.16 2.20 18.08.2011 LOCH RUTHVEN
0.36 5.46 16.08.2011 LOCH VENACHAR
0.10 2.80 18.08.2011 LOCH DUNTELCHAIG

Jan-March 2005 Loch Dubh Cadhafuaraich
0.13 3.24 16.08.2011 LOCH MEADIE
0.47 9.32 08.08.2011 LOCH EARN
0.14 4.26 27.07.2011 LOCH TAY
0.15 3.38 23.08.2011 LOCH BRORA
0.05 -2.72 25.08.2011 LOCH INSH
0.16 4.22 30.08.2011 LOCH FREUCHIE
0.19 4.34 25.08.2011 LOCH MORLICH
0.28 -0.96 09.08.2011 LOCHINDORB
0.22 9.06 28.09.2011 DAER RESERVOIR
0.03 -0.64 18.08.2011 LOCH MORE
0.06 2.00 18.08.2011 LOCH CALDER
0.14 7.44 16.04.2011 LOCH OF LOWES
0.21 10.70 16.04.2011 RIVER TAY
0.14 9.16 16.04.2011 CLUNIE LOCH
0.22 12.52 17.06.2012 RIVER SPEY
0.13 12.00 n.a. CRAGGANMORE
0.08 3.54 18.04.2012 BOARDHOUSE LOCH

Jan-March 2005 Lochnagar
0.19 2.02 18.04.2012 SWANNAY LOCH
0.04 11.74 14.05.2011 BLACKWATER RESEVOIR
0.09 9.86 14.05.2011 LINTRATHEN LOCH
0.59 -1.12 22.09.2011 LOCH MUICK
0.04 9.80 04.10.2011 ST MARYS LOCH 
0.17 3.72 18.04.2012 KIRBISTER LOCH
0.27 9.00 21.04.2011 RIVER DEAN
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0.21 -2.42 29.08.2011 LOCH KINORD
0.05 9.80 23.07.2011 RIVER BY NOLAN WATER/RIVER
0.05 10.04 23.07.2011 GLEN OGIL RESERVOIR
0.20 2.08 23.07.2011 RESCOBIE LOCH
0.57 2.76 10.05.2012 LOCH SPIGGIE
0.04 1.22 2011 LOCH OF GIRLSTA
0.17 2.64 07.05.2012 LOCH OF CLIFF

w/c = week commencing
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