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Appendix 2 of BD5104 

Peat depth, pipes and carbon stock measurements 

 

The purpose of this Appendix is to further describe the methods and findings relating to the manual 

assessment of peat depth, as well as the peat depth surveys by manual and automated ground 

penetrating radar, which are described in Sections 4.2.1 and 4.2.4 of the main body of the report for 

project BD5104. The methods summaries, results and discussions are not repeated here but instead the 

full details of the methods for the GPR surveys and manual peat depth assessments are given. 

Additionally, interpretation of the GPR results, including examples where peat pipes were detected, is 

presented, along with peat depths predicted from the GPR surveys by GIS, and the effect of the slope of 

the land on measured peat depth. 

 

Birkbeck Ground Penetrating Radar (GPR) surveys 

Surveys were carried out by: 
Professor Charlie Bristow 
Department of Earth and Planetary Sciences 
Birkbeck University of London 
Malet Street; London WC1E 7HX 
 

 
GPR Survey Parameters 

GPR surveys were conducted using a Sensors and Software, PulseEKKO Pro with 200 MHZ antennas and 

250 volt Euro compliant transmitter. The transmitter and receiver pair were placed on the ground 0.5 m 

apart, in a parallel broadside configuration, and moved along the survey lines in 0.2 m steps with 32 

stacks at each point. Thus a typical survey around a 5 x 5 m plot was 20 m in length with 100 survey 

points. The spacing of measurements on the ground was initially 0.1 m, but in order to complete the 

surveys in a timely manner this was increased to 0.2 m after 7 plots had been surveyed in 2012. In 2016 

all measurements were spaced at 0.2 m. The placement of each measurement was determined from 

tape measures laid around the outside of each plot. The 2012 survey at Nidderdale was completed in 

one day whilst 2012 surveys at Mossdale and Whitendale took one and a half days each. The 2012 

surveys were conducted between August 28th and October 10th, 2012, with saturated ground conditions 

at the end of a very wet summer. In 2016 the surveys were repeated with the same equipment and 

similar survey design. Surveys at Nidderdale and Mossdale were conducted on the 30th and 31st of 

March 2016 (again under very high water tables). However equipment failure occurred at Whitendale 

(missing out 6 plots) due to water damage to the receiver and was not completed until 16th September 

because the equipment had to be returned to the manufacturers in Canada for repair. Topographic data 

for the elevations of the corners of each plot was supplied by Andreas Heinemeyer. 

Data processing 

Data was recorded in the field on a compact flash card and backed-up to a laptop computer each 

evening. The data was processed using PulseEKKO software with the following settings: Dewow, 

constant gain x 100, and a velocity of 0.035mns-1. A constant gain was used to retain the integrity and 

relative amplitude of the recorded GPR reflections. The digital data from the PulseEKKO software was 

exported as a pcx file. The pcx files were converted to png and tif files using Adobe Photoshop. Profile 

panels for each plot were assembled in Adobe Illustrator and output as tif files. 
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Vertical resolution 

The resolution of the GPR is usually assumed to be between ¼ and ½ of the wavelength of the signal in 

the ground. The length of the radar pulse in meters is a product of the pulse period, which is inversely 

proportional to the frequency and the velocity of the radio wave through the peat. In this study, the 

velocity was initially assumed to be 0.035 m ns-1 (Comas et al. 2005, Proulx-McInnis et al. 2013) which, 

when multiplied by the pulse period for the 200 MHz antennas, gives a radar wavelength of 0.175 m, 

indicating resolution of between 0.044 and 0.088 m (i.e. 4.5 to 9 cm). 

 

Results 

Reflections on the GPR profiles are produced when the transmitted radar signal is reflected back to the 

surface by a layer in the ground with a strong contrast in dielectric properties. The surface at the base of 

the peat was usually marked by a strong reflection enabling the thickness of the peat to be determined 

due to the sharp decrease in the volumetric moisture content between the peat and the underlying 

mineral soil (Comas et al. 2005). The radar profiles are displayed in two-way travel-time (TWT), which is 

the time it takes for the radar signal to travel from the surface, down through the peat, to the base of 

the peat and back up to the surface again. The time taken for the signal to travel both ways is converted 

to depth using the velocity of the radar signal through the peat. Commonly a velocity of 0.035 m ns-1 is 

used based on velocity analysis and published values for peat (Comas et al. 2005, Kettridge et al. 2008, 

Proulx-McInnes et al. 2013). A typical GPR profile has two pairs of black and white lines at the top which 

are the air wave and the ground wave. The air wave is the direct signal from the transmitter to the 

receiver which travels through the air at the speed of light. The ground wave is the direct signal from the 

transmitter to the receiver which travels through the ground at a lower velocity and arrives after the air 

wave resulting in the two pairs of positive and negative (black and white) lines at the top of every 

profile. Beneath the direct arrivals are reflections from horizons within the peat and from the base of 

the peat. The contact between the peat and the underlying bedrock usually has a strong contrast in 

dielectric properties resulting in a strong reflection. It is this basal peat reflection that has been picked 

to determine the thickness of the peat. The results are displayed as four panels each of which illustrates 

the GPR profile along the sides of the trial plots, with an inset figure showing the orientation of the plots 

and the profiles (see Figure 24 in the main report). 

 

Velocity estimates 

Without knowing the thickness of the peat, the conversion of TWT to depth requires a velocity to 

convert time to depth. Three methods are commonly used to estimate the velocity of the GPR signal 

through the ground: common-mid-point (cmp) surveys; curve fitting to hyperbolas, and calibration 

against sections with known thickness/depth. Ideally one or more cmp survey would have been 

conducted at each survey site every day because ground conditions can change temporally as well as 

spatially. Unfortunately time constraints prevented this and in this study two common-mid-point 

surveys were conducted at Whitendale on 16/9/2016. The results of a cmp survey look slightly different 

to other GPR profiles (Figure A2.1). There is a sub-horizontal arrival at the top which is produced by the 

direct arrival through the air where the GPR signal travels at the speed of light, termed the air wave. 
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Beneath that there is an inclined arrival which is the directly transmitted signal through the surface, 

termed the ground wave. Finally there are curved reflections from the subsurface. The velocity from 

cmp surveys can then be derived from the slope of the ground wave, which indicates the velocity 

through the surface layers. In the example illustrated, the ground wave is 60 ns after with a separation 

of 2 m indicating a velocity of 0.0333 m ns-1. Processing of the reflected signals indicated a velocity 

between 0.03 and 0.04 m ns-1 at a depth of 2.2 m, which is at the base of the peat. These results were 

comparable with published velocities for peat. A recent review by Proulx-McInnis et al. (2013) quoted 

velocities between 0.03 and 0.049 m ns-1 and used a velocity of 0.035 mns-1 for their survey of a fen peat 

in Quebec, Canada. Another review by Parry et al. (2014) lists 16 published values for the velocity of the 

GPR signal in peat, which ranged from 0.035 to 0.046 mns-1 with a mean of 0.038 mns-1. For their study 

of a blanket peat at Keasden Moor in Lancashire, Parry et al. (2014) used a velocity of 0.036 m ns-1. 

Table A2.1 gives an indication of the effects of using different velocities for depth correction from GPR 

data. Therefore the initial velocity of 0.035 m ns-1 gives a conservative estimate of peat thickness. 

Table A2.1 Depth estimates for two-way travel-time (twt) using published velocities for peat illustrating the effect 

that velocity has on estimating peat thickness from GPR data 

Two-way 
travel-time 
(twt) ns 

Velocity 
0.03 mns-1 

Velocity 
0.035 mns-1 

Velocity 
0.036 mns-1 

Velocity 
0.038 mns-1 

Velocity 
0.04 mns-1 

40 0.6 m 0.7 m 0.72 m 0.76 m 0.8 m 

60 0.9 m 1.05 m 1.08 m 1.14 m 1.2 m 

80 1.2 m 1.4 m 1.44 m 1.52 m 1.6 m 

100 1.5 m 1.75 m  1.8 m 1.9 m 2.0 m 

. 

 

Figure A2.1 Example of a common-mid-point (cmp) survey at Whitendale with the air wave at the top, a steeply 

dipping ground wave and deeper reflections from the base of the peat. 
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Hyperbolic reflections from peat pipes were identified on 17 peat profiles and, by fitting curves to the 

hyperbolas, velocity estimates ranging from 0.05 to 0.032 mns-1 were determined with an average of 

0.038 mns-1, which was used in the further peat depth analysis, although this was slightly skewed by two 

values of 0.05 mns-1. The hyperbolas occur because the radar signal is not focussed and spreads out 

radially through the ground. A strong reflection from a peat pipe will appear on the GPR profile before 

the transmitter and receiver are above the pipe (Figure A2.2). Thus as the GPR approaches the pipe, it 

will appear to get shallower until the pipe is directly beneath the GPR, and as the distance from the pipe 

increases, it will appear to get deeper.  

 

Figure A2.2 Example of a hyperbolic reflection with a curve fitted for velocity estimation, Nidderdale 2016 line 25, 

showing a hyperbola curve-fitting with a velocity of 0.035 mns-1. 

The thickness of the peat was also measured at each plot using peat probes but the depths from the 

GPR surveys were determined independently with no input from the peat probe data. It should be noted 

that peat probe data represented a single point within each 5 x 5 m plot rather than a survey of the 

whole plot, thus lacking information on the thickness variations at each plot. In addition peat probes can 

give anomalous results either because the probe penetrates underlying soft substrates (overestimates 

peat thickness), or because the probe hits a solid object such a root or stem or rock within the peat 

(underestimates peat thickness), see Rosa et al. (2009) and Parry et al. (2014). 
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Peat Thickness 

The thickness of the peat was determined from the GPR profiles for each trial plot in 2012 and 2016. The 

results are shown in a summary spreadsheet (Table A2.2 and Figure A2.3 for an example profile at 

Whitendale). 

Table A2.2 Summary of the minimum and maximum peat depth (m) for each 5 x 5 m plot obtained from the 

manual GPR surveys in 2012 (pre-management) and 2016 (post-management) for each plot. Peat depths are 

averaged for each site (all), control (burnt; plots 1-4) and treatment (mown; plots 25-44) sub-catchment, and 

compared to the single manual peat depth location using peat rod measurements (in bold) at each plot in 2012. 

Note missing plots numbers (5-22) are slope locations not included in the GPR surveys. 

 
 

 
Figure A2.3 Whitendale GPR depth identification example: the base of the peat is clearly shown as a continuous 

undulating reflection at depths between 1.5 m and 1.65 m in this profile in 2016 line 73. 

Plot Min manual Max Min Max Min manual Max Min Max Min manual Max Min Max

1 1.40 1.46 1.80 1.30 1.85 1.05 1.38 1.36 1.05 1.35 0.95 1.55 1.55 0.95 1.55

2 0.70 1.41 1.20 0.75 1.30 0.70 1.41 1.40 0.70 1.35 0.80 1.37 1.35 0.85 1.35

3 1.75 1.87 2.10 1.80 2.10 0.55 0.97 0.70 0.55 0.70 1.20 1.31 1.65 1.15 1.70

4 1.95 2.36 2.05 1.95 2.10 0.45 0.78 0.76 0.50 0.72 1.95 2.34 2.60 1.95 2.50

25 1.50 1.82 1.75 1.50 1.75 0.57 0.75 0.83 0.60 0.85 2.00 2.12 2.27 2.05 2.26

26 1.45 1.55 1.75 1.45 1.80 0.40 0.80 0.70 0.38 0.75 1.70 1.91 2.05 1.70 2.05

27 1.65 1.75 1.75 1.65 1.80 0.50 0.70 0.82 0.55 0.85 1.45 1.53 1.75 1.54 1.75

28 1.20 1.42 1.65 1.25 1.70 0.50 0.85 0.80 0.55 0.80 1.70 1.80 1.95 1.60 1.95

29 1.80 1.95 2.30 1.85 2.35 0.57 0.87 0.75 0.60 0.80 1.90 1.89 2.00 1.90 2.05

30 1.20 1.46 1.60 1.25 1.65 1.25 1.55 1.55 1.26 1.62 2.25 1.74 2.37 2.25 2.40

31 1.70 1.93 1.97 1.70 2.00 1.20 1.58 1.85 1.25 1.85 2.00 2.20 2.20 2.03 2.25

32 1.30 1.55 1.65 1.32 1.75 1.25 1.71 1.70 1.26 1.70 1.85 1.95 2.02 1.90 2.07

33 1.60 1.72 1.90 1.60 1.90 1.30 1.86 1.80 1.45 2.00 1.65 1.82 1.85 1.65 1.85

34 1.30 1.44 1.50 1.33 1.55 1.05 1.54 1.60 1.05 1.65 1.45 1.71 1.65 1.40 1.65

35 0.90 1.26 1.50 0.85 1.55 0.60 0.83 0.95 0.55 1.00 1.65 1.72 1.80 1.65 1.90

36 1.15 1.43 1.80 1.23 1.80 0.80 1.03 1.15 0.85 1.20 1.40 1.54 1.70 1.50 1.66

37 1.10 1.43 1.90 1.02 1.90 0.85 1.10 1.25 0.90 1.40 1.15 1.20 1.45 1.15 1.45

38 0.90 1.36 1.90 0.95 1.90 1.00 1.20 1.44 1.06 1.50 1.15 1.31 1.40 1.15 1.40

39 1.10 1.38 1.80 1.30 1.85 1.15 1.51 1.50 1.20 1.56 1.10 1.26 1.38 1.05 1.35

40 1.30 1.44 1.80 1.20 1.92 1.63 1.84 1.83 1.65 1.85 1.45 1.60 1.90 1.55 1.82

41 1.70 1.03 2.25 1.70 2.30 1.52 1.70 1.85 1.60 1.85 1.55 1.63 1.80 1.60 1.85

42 1.30 1.26 2.30 1.34 2.40 1.35 1.32 1.82 1.40 1.85 1.53 1.63 1.66 1.55 1.70

43 1.40 1.07 2.50 1.35 2.50 1.45 1.81 1.90 1.45 1.90 1.18 1.39 1.50 1.20 1.50

44 1.60 1.06 2.60 1.80 2.65 0.90 1.40 1.75 0.92 1.80 0.57 0.78 0.95 0.60 0.95

Average (all) 1.37 1.51 1.89 1.39 1.93 0.94 1.27 1.34 0.97 1.37 1.48 1.63 1.78 1.50 1.79

Control (1-4) 1.45 1.77 1.79 1.45 1.84 0.69 1.13 1.06 0.70 1.03 1.23 1.64 1.79 1.23 1.78

Treatment (25-44) 1.36 1.46 1.91 1.38 1.95 0.99 1.29 1.39 1.03 1.44 1.53 1.63 1.78 1.55 1.79

Whitendale

Peat depth (m) 2012 Peat depth (m) 2016Peat depth (m) 2012 Peat depth (m) 2016

Nidderdale

Peat depth (m) 2012 Peat depth (m) 2016

Mossdale
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High Frequency ‘noise’ 

The antennas used in this survey were unshielded and were susceptible to external sources of 

electromagnetic radiation termed ‘noise’. In general, the upland areas of Yorkshire and Lancashire 

where the plots were located are free from sources of high frequency electromagnetic radiation making 

this a noise free environment. However, external noise was encountered in 2016 surveys at Nidderdale 

on plot N2, and at Whitendale on plots W30, W32, W33 and W38. The high frequency noise was 

identified as an external source because it started above the air wave, i.e. the noise was present before 

the GPR transmitter sent a signal (Figure A2.4). The noise was intermittent and was most likely caused 

by VHF radio transmissions from the game keeper or farm workers. Despite the interference, it was still 

possible to see the reflection from the base of the peat so no additional processing was applied. 

 

Figure A2.4 Example of a GPR profile (Whitendale line 65_2016) with interference from a high frequency source 

of electromagnetic radiation. Note that the ‘noise’ is present before the transmission of the GPR pulse and 

continues after the GPR signal demonstrating that it is coming from an external source. The most likely source 

was VHF radio transmissions. Despite the interference, it was still possible to see the reflection from the base of 

the peat so no additional processing was applied. 
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Peat Pipes 

Potential peat pipes were identified from three types of reflection pattern: anomalous discontinuous 

high-amplitude reflections within or at the base of the peat; a hyperbolic reflection mid-section within 

the peat; anomalous high magnitude positive and negative paired reflections towards the base of the 

peat (see Figure A2.5 for examples at Whitendale plot 4). Table A2.3 provides a summary of all peat 

pipes per monitoring plot and the averages for burnt and mown sub-catchments. 

 

Figure A2.5 Examples of possible peat pipes on GPR profiles from Whitendale (Control (burnt) plot 4). On the left, 

line 30 shows a parabolic reflection pattern from a large peat pipe within the peat. This type of reflection pattern 

can be interpreted with confidence. On line 45 in the middle, there is a split within the basal peat reflection which 

is probably a peat pipe cutting into the underlying soil. On line 54 on the right, there is an offset in the basal peat 

reflection with a pair of reflections that might have been formed by a peat pipe. However, only the large peat 

pipe was considered to be recorded as a functioning peat pipe.  
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Table A2.3 Summary of the minimum (Min; meaning clearly identifiable pipes), maximum (Max; i.e. including 

possible pipes) and number of large (Large; if so then included in Min) peat pipes for each 5x5 m plot obtained 

from the manual GPR surveys in 2012 (pre-management) and 2016 (post-management) and averaged for each 

site (all), control (burnt; plots 1-4) and treatment (mown; plots 25-44) catchment. Missing plot numbers represent 

slope locations not monitored by the GPR survey.  

 
 

 

Suggestions for further work 

Repeating all surveys with 10 cm step size would improve spatial resolution but require considerably 

more time. A visual comparison of GPR profiles from 2012 and 2016 showed that while some profiles 

were similar and the basal peat reflection was easy to define, others were less similar and the 2016 data 

with 0.2 m step size was more difficult to interpret. Another advantage of a smaller step size would be 

better resolution of peat pipes and also potentially a better fit for the velocity calibration from 

hyperbolas fitted to peat pipe diffraction curves. 

Additional cmp surveys at each site would be required to improve the velocity estimates and hence 

improve the measurements of peat depth and thickness. 

The collection of higher resolution topographic data at each plot using differential GPS could also 

improve the visualisation of changes in peat thickness at each plot. 

Plot Min Max Large Min Max Large Min Max Large Min Max Large Min Max Large Min Max Large

1 1 1 1 1 1 1 1 1

2 0 0 1 1 0 0

3 2 2 2 2 0 0 1 1

4 1 0 0 1 0 1 1 1 1 1

25 1 2 2 1 1 0 0

26 0 0 0 1 0 1 0 0

27 0 1 1 1 0 1 0 1 0 0

28 1 1 1 1 1 1 1 1

29 1 1 0 0 0 1 0 1

30 0 0 0 1 0 1 0 0

31 0 0 0 1 1 0 0

32 0 0 2 2 1 1 1

33 0 0 0 0 0 0

34 1 1 1 1 1 1 1 1

35 1 1 1 1 1 1

36 1 1 1 1 0 0

37 0 0 0 1 0 0 0

38 1 1 0 0 1 1

39 0 0 0 0 1 1

40 1 1 1 1 1 1

41 0 0 0 0 1 1

42 0 0 2 2 0 0

43 1 1 2 2 0 0

44 0 0 0 0 0 0

Sum (all) 13 1 2 14 0 5 14 6 1 15 4 2 11 1 3 11 1 3

Burnt (1-4) 4 0 2 3 0 2 2 1 0 2 1 0 3 0 2 3 0 2

Mown (25-44) 9 1 0 11 0 3 12 5 1 13 3 2 8 1 1 8 1 1

Pipes (No) 2012 Pipes (No) 2016

Nidderdale Mossdale Whitendale

Pipes (No) 2012 Pipes (No) 2016 Pipes (No) 2012 Pipes (No) 2016
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Dinsdales Moorland Specialists (DMS) GPR surveys 

Surveys were performed by Lauren Parry 

Vehicles used: 

Nidderdale: The survey was carried out using a Kubota lightweight tracked vehicle (<2.5 psi) (Figure 

A2.6). This vehicle is very lightweight and was regularly used by DMS to create surveys of grip networks 

and for seeding contracts. The vehicle was imported specially from the USA with adapted tracks to allow 

it to travel on peatland environments with the lowest impact possible.  

 

Figure A2.6 DMS Kubuta used to tow the GPRs during the Nidderdale survey 

Mossdale and Whitendale: An eight wheel drive argocat was used for both the Mossdale and 

Whitendale surveys (Figure A2.7). Due to its agility and greater power, the argocat was chosen in 

preference to the Kubuta. Staff had previously worked on Whitendale and did not feel that the Kubota 

was a suitable vehicle, especially on Whitendale, due to the severely hagged nature of the moorland.  

 

Figure A2.7: Argocat used to tow the GPR systems during the Mossdale and Whitendale surveys 

GPS equipment: 

The specified route for the GPR survey was loaded onto a GIS system located within each vehicle. Using 

on board differential GPS, the track route was followed as accurately as possible. Deviations from the 

route were only carried out if it was not possible to cross a hagg or gully without getting the vehicle 

stuck or where there may have been damage to the surface of the peatland. 
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GPR setup and equipment: 

Shielded antennae at 250 Mhz and 100 Mhz were used for each survey. This combination of frequencies 

was selected to provide the widest possible range of depth measurements and resolutions for each of 

the sites monitored. Each antenna was connected to an individual computer, where GPR traces could be 

recorded. Each monitor was connected to a differential GPS mounted on the sled, recording the position 

of each trace. All GPR equipment was mounted on a sled developed by DMS to house the equipment 

and run across the moorland surface in as smooth a manner as possible.  

GPR Settings: 

¶ All surveys were carried out in common offset mode.  

¶ Both of the GPR systems were triggered to record a trace by time. We adapted time trigger 

settings to ensure the highest quality data possible was gathered, if the setting was too rapid we 

found the GPR skipped traces and caused noise as the sled moved over rough ground. The 

vehicle was driven at as steady a speed as possible, to ensure an approximately even distance 

between each trace. 

¶ Auto-stacking was used for each survey to increase the signal to noise ratio. 

¶ The time window (two-way travel time) was set to ensure that it exceeded the full depth of peat, 

this varied at each site.  

 

GPR analysis: 

GPR analysis was carried following the methodologies outlined in Warner, Nobes and Theimer (1990), 

Holden, Burt and Vilas (2002), Rosa et al. (2009) and Theimer, Nobes and Warner (1994). By towing the 

GPR with a tracked vehicle, it was possible to gather data over a very large spatial area (about 2 km 

survey path length on Mossdale catchments and increasing to about 3 km at the larger Whitendale 

catchments), which would not have been possible using standard bi-static (i.e. walking) surveys. Caution 

was applied when analysing the data, especially for Whitendale, as the site was very hagged and may 

have caused some skipping in the data.  

 

GPR processing: 

GPR data were post-processed and analysed in REFLEX W version 6.0.5, a specialist GPR processing 

software programme. The following processing steps were applied to the common offset survey data: a 

‘dewow’ filter to remove low frequency noise, time-zero correction and an Automatic Gain Control 

(AGC) gain function, to ensure the peat to mineral interface was visible. GPR depth was calibrated using 

0.038 m ns-1 (as determined by the manual survey, see ‘Velocity estimates’ section page 4 above). 

Processed ‘picks’ were imported into ArcGIS 10 and geo-statistical mapping of depth for each catchment 

was generated (Figure A2.8). For the calculation of carbon stocks (Figure 23 in the main report) an 

average bulk density and carbon content (Corg) for the entire peat depth was assumed for each site 

(based on averaging field values). 
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Figure A2.8 Predicted peat depth (cm) based on interpolated continuous GPR measurement points (kriging) 

across the paired sub-catchments obtained before any management change. The colour scheme emphasises 

areas of deep peat (> 100 cm). 
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Manual peat depth measurements 

Peat depth was also assessed manually not only at the 5 x 5 m monitoring plots (see section 4.2.1 in the 

main report) but also at the slope locations (three sets of 6 plots in each sub-catchment), using only the 

peat rod method, which involved commercial (Clarke CHT640) 1.5 cm diameter PVC drainage rods (92 

cm extendable sections with screw fittings) being pushed into the peat until a harder bedrock layer was 

detected.  

There was a sharp (logarithmic) decline in peat depth with increasing slope across the locations 

(including slope locations) at all sites (Figure A2.9a), which differed slightly between individual sites 

(Figure A2.9b). Generally, peat depth was around 50-100 cm for slopes greater than 10º, around 100-

150 cm for slopes between 5-10ºand 150-200 cm or more for slopes of less than 5º. 

 
Figure A2.9a Peat depth (cm) against slope across the plot locations of all three sites combined (Nidderdale, 

Mossdale and Whitendale; combined n = 72); the best fit regression line was y = -43.39ln(x) + 191.26; R² = 0.38. 

 

 

 
Figure A2.9b Peat depth (cm) against slope across the plot locations of all three sites individually (Nidderdale 

(red), Mossdale (blue) and Whitendale (green); combined n = 72); the individual best fit regression lines are 

shown in corresponding colours for each site. 
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Peat depth was also assessed with the same peat rod method for the locations at Mossdale which were 

part of the peat shrinkage and expansion assessment (see section 4.4.1 in the main report). Again, the 

relationship was logarithmic with a steep decline in peat depth as slope increased (Figure A2.10). 

Generally, peat depth was around 50-75 cm for slopes greater than 10º, with higher peat depths of 

around 50-150 cm observed for the 3-5º slope range and around 100-200 cm on slopes of less than 3º. 

 

 
Figure A2.10 Peat depth (cm) against slope across the shrinkage and expansion locations at Mossdale for each 

dominant vegetation/management type (either Sphagnum, Eriophorum, old (>20 years) stands of Calluna, 

recently (2013) burnt areas of Calluna vulgaris (CV) or recently mown CV). The combined best fit regression line 

across all vegetation/management types was y = -32.72ln(x) + 146.95; R² = 0.60. 

 

 

Peat carbon stock measurements 

Peat carbon (C) stocks were determined over the entire peat depth at each measurement plot (for all 

replicates of burnt, mown and uncut treatments) by determining bulk density (BD) and organic carbon 

content (%Corg) for several depth sections. For this a peat core was taken to the maximum peat depth 

(assessed by manual resistance to pushing the peat corer into the peat and visual assessment of the 

mineral layer being present at the bottom of the core). The peat core was separated into individual 

sections as described in the main report (Section 4.2.1 and 4.2.2) and returned to the laboratory for 

carbon stock assessment.  

First, BD was determined. For this, the 5 cm3 subsamples were placed in a labelled tray and weighed on 

a 0.0001 g balance to record the individual tray weights. The field wet peat samples were removed from 

their storage bags and place in a labelled tray. The tray was then re-weighed to allow calculation of the 

(wet) sample weight. Foil trays containing samples were then placed in an oven at 105°C to evaporate 

water from the samples. For extremely wet samples the oven door were left slightly open to let 

moisture escape (about 1-2 days was required). The samples were then dried completely with closed 

oven doors (which could take up to three days). Peat samples were dried until a constant weight was 

reached and stored in a desiccator until further analysis. BD was then calculated according to Chambers 

et al. (2011). 
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Secondly, %Corg was assessed using a carbon and nitrogen (C/N) analyser (Vario Macro, Elementar 

Analysensysteme GmbH, Hanau, Germany). For this, 5 g of peat was removed from two corners of the 5 

cm3 peat sections and was passed through a ball mill for 2 minutes at 25 reps/second. About 80 mg 

(accurately recorded on a 4-decimal place balance) of the milled samples was sealed in pre-weighed tin 

foil capsules and run through the C/N analyser according to standard operating procedure using the 

‘Plant500’ method (Environment Department, University of York). Results were corrected for blanks and 

factored to glutamic acid standards and compared to organic material standards (i.e. blanks are empty 

compartments in the carousel; glutamic acid of 50 mg (± 0.5) provide a ‘daily factor’ and are used to 

adjust the results of several daily runs against each other; a reference material of birch leaf was used at 

the start and end of the run (Elemental Microanalysis Ltd CatNo. B2166, C 48.09% +/- 0.51%, N 2.12% 

+/- 0.06%). 

Carbon stocks could then be calculated according to Chambers et al. (2011) by interpolation of the 

carbon densities of the individual peat sections over the entire peat profile but using the actual %Corg 

rather than relying on LOI to Corg conversion factors of Loss on Ignition (LOI) measurements. 

 

Statistical analysis of peat depth and carbon stocks 

Differences in the peat depth, carbon stock and accumulation rates between the three sites were 

analysed using ANOVA (with sites and sub-catchments as factors).  
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