APPENDIX 1
Weather parameters for NSRIim odified MOSES

An example of UKMO weather data that are required to run MOSES isgiven in Table 1.
Data were supplied for Cardington, Bedfordshire in this format for a 6-month period
(January to June) 2001 by UKMO.

Table1 First 24 imesteps (6 hours) in Cardington data
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12.8 263.7 0.00E+00 O0.00E+00 279.843 -0.403 6.617 97421.1 6.10E-03
15.8 267.9 0.00E+00 O0.00E+00 279.9390 0.325 568 98769.7 6.10E-03
17.5 267.6 0.00E+00 0.00E+00 280.11 0.462 4.535 98172.8 6.22E-03
16.5 269.7 0.00E+00 O0.00E+00 280.362 0.148 4.246 98336.4 6.31E03
12.2 270.9 0.00E+00 O0.00E+00 280.589 012 4.114 98232.3 6.40E03
7.9 271.5 0.00E+00 O0.00E+00 280.69% 0.666 4.052 98260.6 6.43E-03
7.9 2725 0.00E+00 O0.00E+00 280.85 0.946 4.039 98260.3 651E03
12 273.8 0.00E+00 O0.00E+00 281.088 1.223 4.933 98268.2 6.57E-03
13.6 275.2 0.00E+00 O0.00E+00 281.274 0.867 5.575 98274.9 6.68E-03
14.4 276.9 0.00E+00 O0.00E+00 281.504 0.827 6.202 98274.2 6.82E-03
10.6 278.1 0.00E+00 O0.00E+00 281.68 0.999 6.224 98259.1 6.91E03
4.9 2r8 259E-04 0.00E+00 281.672 0.449 5.029 98232.9 6.92E-03
9.5 278.1 0.00E+00 O0.00E+00 281.716 0.151 443 98226.4 691E03
13.9 279.6 0.00E+00 O0.00E+00 281.974 1.228 5.617 98235 6.99E-03
1.7 281.1 259E-04 0.00E+00 282.253 1.305 6.184 98212 7.06E-03
10.8 281.9 0.00E+00 O0.00E+00 282.401 1.113 6.594 98193.6 7.11E03
6.1 282 O0.00E+00 O0.00E+00 282.37 1.066 6.306 98197.5 7.14E-03
0.6 282 0.00E+00 0.00E+00 282.333 0.959 6.1 98190.9 7.17E03
5.2 2824 259E-04 O0.00E+00 282.41 1.152 7.009 98178.9 7.19E-03
12 2827 0.00E+00 O0.00E+00 282.471 1.666 7.216 98203.2 7.21E03
10.6 283 259E-04 0.00E+00 282.558 1.888 6.858 98217.2 7.20E-03
10.9 283.6 259E-04 O0.00E+00 282.62 2415 6.532 9821.2 7.19E-03
21.5 281.2 O0.00E+00 0.00E+00 282.58 3.147 6.315 98243.7 7.10E-03
35 285.6 0.00E+00 0.00E+00 282.419 3.267 5.807 98276.1 6.96E-03
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Preparation of MOSES w eather data for Camborne, Rothamsted and Watnall

Data for the parameters shown in Table 2 were purchased from UKMO in April 2005 for
the three experimental sites. These data were then transposed to enable input to
MOSES. The various methods of trangodtion are described below.

Table2 Datapurchasedfrom UKMO for the three exp erimental sites

Parameter Units Parameter Units

Total cloud amount 8ths Temperature dry bulb °C

Cloud Group 1 amount 8ths dew point °C
ty pe Caode Precipitation rainf all mm
height FT snow falling

Cloud Group2  amount 8ths Wind direction deg frue
ty pe Code speed kn
height FT Pressure MSLP mbar

Cloud Group 3  amount 8ths Radiation global KJ/m’
ty pe Code height FT
height FT

The above data were converted into MOSES input requirements according to the
following equations:

SW - Surface downw ard shortwave radiation
SW (W/m?) = (KJ/m?/ 3600) * 1000
LW - Surface downward lon gwave radiation based on Finch and Best 2004)
LW (W/m?)
Li=¢,0T} where ¢, =&,K

£, :1—0.261exp(—7.77-10*‘(273-16—Ta)2)

K =1+(k.c_ +k,cC, +kyCy)c

where c is the total fractional cloud cover and the values of k. =0.21, ky,= 0.16 and k, =
0.06 based on those of Arnfield (1979).

RAIN- Precipitation

RAIN (kg/m?/s) = mm/3600
[1 mm= llitre/m* = 1 kg/m’ and 1 hour = 3600 seconds]

SNOW - Snow fall

Units kg/mz/s

TA - Air tanperature

TA (K) = degree Celsius +272.15

U- Weatedy winds
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U (m/s) = wind speed (kn) * 0.5144
V- South erly winds
V(m/s)=0
PSTAR - Surface pressure
PSTAR (Pa) =MSLP (mbar) *100
QA - Specific hu midity
Speci fic humidity (ratio) according to the methods of Guyot (197)
QA (kgkg)=q
ea
and q=0.622—
P
where e,= actual vapour pressure (mbar)
P = total amospheric pressure (mbar)

where

e, =6.112exp((17.67 *dew - point) /(dew - point+ 237.3))

P=1010-0.1115*ALT + (0.00175* ALT)?
where ALT = altitutde (m)

References
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APPENDIX 2
Soil physical property input data for NS RI-modified M OS ES

Soail input filescontaining the following parameters are required by MOSES (Table 1).

Table1 Hydrological parameters for MOSES soil data files

Parameter Description Units
NSOIL Num ber of soil layers /-
DZS OIL Sail thickness m
B EXP Exponent used in calculation of soil water suction and -/-
hydraulic
SATCON Saturated hydrological conductivity of the soil kg/m?s
SATHH Saturated soil water suction; SAT HH=1/ALPHA /-
V_SAT Volumetric soil moisture content at saturation m®/m? il
V_CRIT Volumetric soil moisture content at the critical point m’/m? il
V_WILT Volumetric soil moisture content at the wilting point m’/m? il
HCAP Sail heat capacity J/K/m?
HCON Sail thermal conductivity Wim/K

Soail series specific information dored in the computerised Land Information System (LandlS)
orderived from measured laboratory analyses of ilsat the experimental sites was
converted into MOS ES input requirements according to the following equations:

Soil thickn ess (in)

dzmoil = (REAL(zbl-zt1))/100.
ztl depth to top ofthehorizon (cm)
zbl depth to bottom ofhorizon (cm)

Volume ric soil moisture content at s aturation (n’/m’ )
v_sat =0,
0 maximum volumetric water content (m3/m3)
Critical volum dric s oil moisture for evaporation (| m'/m’)
0.033 MPa=336.6 cm H20
v_ctit = 0, + (Omay-0red) ¥ (1.0/(1.0+(alpha* 33 6.6) **n )) *m
0 max maximum volumentric water content (m3/m3)
Ores  residua volumetric water content (m’/m’)
alpha van Genuchten alpha parameter
n van Genuchten n parameter

m van Genuchten m parameter
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Volumetric s oil moisture content at wiltin g p oint (nt’/nt’)
1.5 MPa= 15300 cm H,0
v wilt = B (1) + (B0 o0 (1.0/(1.0+ (alpha*1 53 00) ** 1) *m

0.,  maximum volumentric water content (m’/m’)
Ores  residua volumetric water content (m’/m’)
alpha van Genuchten alpha parameter

n van Genuchten n parameter

m van Genuchten m parameter

Van Genuchten parameter (b)
b exp= 1/(n-1.0)

where; nis van Genuchtenn parameter

Van Genuchten parameter (y,)
sahh = (1.0/alpha)y 100

where; alphais van Genuchten al pha parameter

Hydraulic condu ctivity (kgﬁnz/s)
sacon= (K,,*10)/86400

K saturated hydraulic condudivity (cm/day)

Heat capadty -dry soil W/ K/m’)
Hubrechts and F eyen (1996)
cap =0.077 +0.754 *bg +4.195 * .01 * 1000000
hcap = cap

by bulk density (g cm®/cm?®)

Thamal conductivity -dry s oil (W/m/K)
Hubrechts and F eyen (1996)
a=-0.295+ 0.0126*clay + 0.388 *by
b=-1.776+ 2.0476%b, + 0.124*oc
¢ =EXP(0.976+0.0650*clay+0.263*OC)
cond =a + b*EXP(-c/1.0)
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clay  clay content (%)
oC organic carbon (%)

Thamanl wn du ctivity [W/m/K = 1 W/m/’ CJ

hoon =cond

References:

Hubrechts, L. and Feyen, J. (1996) Pedotransfer Fundions for Thermal Soil Propeties.
Katholieke Universdteit Leuven

Exte mal il parameter input files for MOSES, formulated in the order of parametersgivenin
Table 1. Tsoil and Stheta are not included in the soil file but are parameterised in the nids
file. Commasdelimit valuesforeach layer, starting with layer 1.

Andover 0031 [s0il0031r.DAT]

.2500
2
.027
.245
.575
.355
.205
-825E6
.34

OO O0OO0CO0O OO MO

Stheta=0.8

Batcombe 0109 [s0il0109r.DAT]

4
0.150, 0.400, 0.400, 0.550
4.3, 4.4, 5.0, 5.4

0.023, 0.008, 0.001, 0.001
0.258, 0.258, 0.230, 0.223
0.558, 0.490, 0.458, 0.413
0.352, 0.315, 0.329, 0.311
0.207, 0.190, 0.233, 0.234
0.87E6, 0.11E7, 0.12E7, 0.13E7
0.39, 0.51 ,0.93, 1.09

Stheta =0.8, 0.8, 0.9, 0.9

Blackw ood 0124 [s 0il0124r.DAT)

00, 0.250, 0.350, 0.200, 0.500
, 2.7, 2.4, 2.2, 1.9

44, 0.037, 0.027, 0.040, 0.064
19, 0.100, 0.086, 0.077, 0.067

OO wo U,

2
1
.0
1
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0.526, 0.416, 0.357, 0.383, 0.371
0.222, 0.146, 0.102, 0.094, 0.072
0.111, 0.069, 0.046, 0.042, 0.034
0.95E6, O0.11E7, 0.13E7, 0.12E7, 0.12E7
0.27, 0.32 ,0.40, 0.34, 0.36

Stheta=0.7, 0.6, 0.5, 0.5, 0.4

Bridgnorth 0144 [s cil0144r.DAT]

00, 0.300, 0.200

, 2.3, 2.0

24, 0.034, 0.065

88, 0.080, 0.070
.465, 0.378, 0.379

0.146, 0.105, 0.080

0.073, 0.051, 0.037

0.11E7, O. 12E7 0.12E7

0.32, 0.37 ,0.34

Stheta=0.5,0.5,0.4

Broms grove 0149 [s0il0149r.DAT]

5

0.200, 0.250, 0.300, 0.150, 0.400
3.6, 3.4, 3.4, 3.1, 3.1

0.026, 0.039, 0.039, 0.040, 0.040
0.149, 0.132, 0.124, 0.107, 0.104
0.486, 0.436, 0.419, 0.392, 0.387
0.245, 0.204, 0.192, 0.161, 0.158
0.132, 0.106, 0.099, 0.080, 0.079

0.11E7, O.11E7, O0.12E7, O0.12E7, O.12E7
0.36, 0.36 ,0.37, 0.39, 0.40

Stheta=0.7,0.7,0.7, 0.6, 0.6

Clifton 0226 [s 0il0226 r.DAT]

00, 0.200, 0.350, 0.750,
3.8, 4.4, 4.6

27, 0.020, 0.006, 0.002
.163, 0.153, 0.186, 0.189
.514, 0.413, 0.415, 0.386

0.280, 0.221, 0.262, 0.253
0.159, 0.126, 0.167, 0.167

0.98E6, 0.12E7, 0.13E7, 0.14E7
0.40, 0.49, 0.67, 0.74

Stheta=0.8,0.7,0.8, 0.8
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Coombe 0237 [s0il0237r.DAT]

00, 0.300, 0.300, 0.700,

, 4.5, 4.4, 45

21, 0.020, 0.009, 0.009

65, 0.258, 0.234, 0.227
.558, 0.544 ,0.473, 0.459

0.359, 0.350, 0.302, 0.291

0.215, 0.210, 0.185, 0.177

0.87E6, 0.95E6, 0.11E7, 0.12E7

0.43, 0.45, 0.55, 0.53

Stheta=0.8,0.8,0.8, 0.8

Milford 1237 [s 0il1237r.DAT]

a1
o

, 0.450, 0.400, 0.400
4.3, 4.3, 4.5

1, 0.019, 0.014, 0.012

0, 0.225, 0.188, 0.197

9, 0.504, 0.440, 0.444

21, 0.313, 0.265, 0.279

88, 0.186, 0.159, 0.173
4E6, 0.10E7, 0.12E7, 0.12E7

2
2
.0
2
.52
.3
1
-9
42, 0.47 ,0.53, 0.57

OO OOO OO-bO-b

Stheta=0.8,0.8,0.8, 0.8

New port1310 [soil1310r.DAT]

4
0.250, 0.300, 0.450, 0.500,
2.9, 2.3, 2.3, 6.4

0.040, 0.037, 0.042, 0.078
0.110, 0.081, 0.080, 0.065
0.497, 0.386, 0.399, 0.382
0.190, 0.103, 0.103, 0.097
0.093, 0.048, 0.047, 0.043

0.10E7, 0.12E7, 0.12E7, 0.12E7
0.27, 0.34, 0.31, 0.33

Stheta=0.6,0.5,0.5, 0.5

Quorndon 1600 [soil1600r.DAT]

00, 0.500, 0.500, 0.200,

., 3.3, 3.1, 3.1

26, 0.038, 0.042, 0.044

38, 0.120, 0.109, 0.110
480, 0.411, 0.401, 0.408

0.236, 0.182, 0.165, 0.170

0.128, 0.094, 0.082, 0.086

0.11E7, 0.12E7, 0.12E7, 0.12E7
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0.38, 0.39, 0.38, 0.38

Stheta=0.7,0.7,0.6, 0.6

Worcester 2249 [s 0il2249r.DAT]

5

0.200, 0.100, 0.300, 0.300, 0.600

4.6, 5, 5.0, 4.8, 5.0

0.013, 0.004, 0.001, 0.001, 0.001
0.258, 0.272, 0.279, 0.266, 0.248
0.532, 0.498, 0.510, 0.469, 0.432
0.357, 0.337, 0.367, 0.330, 0.305
0.227, 0.217, 0.258, 0.222, 0.209
0.93E6, 0.11E7, 0.11E7, 0.12E7, 0.13E7
0.60, 0.68 ,0.89, 0.78, 0.81

Stheta=0.9,0.9,0.9, 0.9, 09
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APPENDIX 3

Sensitivity analysis of the NS RI-modified MOS ES model; the effects of changing soil
properties

Arange of input fileswere set up

1 Weather data file

Weather data from Cardington, Bedfordshire (DCNN 3456, 508100 246400) were supplied
by UKMO at quarter hourly intervals for a 6-month time period (1°' January — 30" June
2001), providing 17,472 time steps. The data arrived in appropriate unitsand parameters for
MOSES (Table 1).

Table1 Weather data parameters required by MOSES

Original data Code Units
Surface downward shortwav e radiation SW W m*
Surface downward longwav e radiation Lw W m?
Rainfall rate RAIN kg m? s’
Snowfall ate SN OW kg m’ s’
Arr temperature TA K
Westerly wind component u ms”
Southerly wind com ponert \Y; ms™”
Surface Pressure* PSTAR Pa
Specific humidity A kg kg

2 Soil data files

Soil fies containing the number of layers present, the depth of each layer and their soil
hydrological parameters was prepared (Table 2). Hydraulic parameters were derived from
pedotransferfundions.

Table2 Hydrologica parameters required for MOSES soil datainput files

Code Description Units
NSOIL Num ber of soil lay ers -/-
DzSOIL Sail thick ness m

B EXP Exponent used in calculation of soi water suction and hydraulic -/-
SATCON Saturated hy drologcal conductivity of the soil kg m?s™
SATHH Saturated soil water suction -/~
V_SAT Vdumetric s oil moisture content at saturation m® m™ soi
V CRIT Vdumetric s oil moisture content at the critical point m°> m™ soi
V_WILT Vdumetric s oil moisture content at the wilting point m®> m™ soi
HCAP Sail heat capacity JK' m?
HCON Sail therma conductiv ity wm'K'
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Appendix 2 provide s soil param eter value sfor the eleven soil series used to te st MOSES
and liged in Table 3.

Table3 Number of layers within each soil series

1layer 3layers 4 layers 5layers

Andover (0031) Bridgnorth (0144) Quorndon (1600) Worcester (2249)
Newport (1310) Bromsgrove (0149)
Clifton (0226) Black wood (0124)
Coombe (0237)
Batcombe (0109)
Milford (1237)

3 Otherinputfiles
The MOSES nlsts file had to be amended to record the following information (Table 4)

Table4 Changesrequired to MOSES nists file

Parameter Setting

timestep 900 seconds [1/4 hi

num ber timesteps 17472

spec_albedo FALSE

zref 2.

met fie Cardington

sal file 11 soil ty pes

stheta initial sall moisture for each lay er was set to the field capacity
value as a fraction of V_SAT

tsoil initial sail tem perature [set to 280 for all runs and layers]

Initial soil temperature conditions were the same for each layer and each soil type (280 K).
Initial soil moisture conditions varied for each soil type and layer. Field capadcty moisture
content was chosen as a realistic starting point for soil moisture values for each layer as itis
assumed all soils would be at or close to field capadty on 1 January (staring point for the
weather data). During the run if soil temperature isbelowzem Celsius the modelled value is
set to zem rather than the appropriate negative temperature. Appendix 1 details Stheta
valuesused for each soil layer and soil type.

Output files

Executing MOSES with the weather, soil data and nl sts files produces a resultsfile. Thefile
contains soil moisture and soil tem perature valuesforeach soil layerat each time step.
Appendix 6 containsa detailed analysi sof the results.

Figures 1 to 4 provide example sof the results obtained for soil moisture and soil
temperature values. Differencesin il response are evident.
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Figure 1: Batcombe serie s soil moisture
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APPENDIX 4

Soil profile descriptions atMete orological Stations

Kehelland, Camborne, Cornwall

Profile no: SW64/27090674 - 3 minfrom N boundary fence and half way between 6" and

7" concrete post from NW comer of Met Station com pound.
50, 13, 06.080N & 5, 19, 39.901 W

Grid reference 162709 040674

Sail Series: Denbigh/ Milford Series?

Classification: Tyteical (stagnogleyic?) brown earth

Date: 14" April 2004

Land use: Permanent mown grass in Met Station compound

Weather Drying wind, sunny at time of sampling, norainin last 48 hours

Slope and as pect 0.5° NW

Horizons:

Oto10cm Ah

Dark brown to brown (7.5YR4/4) slightly stony clay loam (20%C; 40%S); stones smal and very smal
subangular s hale stones; moist; strongly developed fine and very fine subangular blocky structure;
medium packing density, very porous; weak ped strength, moderately firm soil strength; abundant fine
and very fine fibrous roots; abrupt smooth boundary.

10to 25 cm Bw1
Reddish brown (6YR4/4) moderately stony clay loam (29 %C; 45%S); stones as above; moist;
moderately developed fine subangular blocky structure; medium packing density, very porous; weak
ped strength, moderately firm soil strength; many fine and very fine fibrous roots; abrupt smooth
boundary .

25to 68 cm Bw2
Reddish brown (5YR4/4) very stony clay loam (29%C; 35%S) with occasional patches of common,
extremely fine, sharp, strong brown (7.5YR5/6) and brown (10YR5/3) mottles; stones, angular as
abov e; maist; weakly developed medium subangular and angular blocky structure, largely determined
by stones; medium to high packing density, moderately porous; common fine fibrous roats; clear
smoothboundary.

68to 78 cm BC
Reddish brown (5YR4/4) very stony (55%) clay loam (30%C; 50%S); stones large and medium
angular shale fragments; very moist; structureless? but difficult to assess between stones, however,
shale bedding planes visible within pit; high packing density, moderately porous; noroots visible; clear
smoothboundary.

78to 85 cm Cu
Reddish brown (5YR4/4) extremely stony clay loam (34%C; 40%S); between bedded shale; very
moaist.

Stopped by stones at 85 cm depth Cr
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Samples taken;

Horizon Sample ty pe
Bag for Particle size Tins for Water release
class taken from (cm)  takenfrom (cm)
Ah 0-10 27
Bwi 10-25 11-16
Bw2 2568 27-32
BC 68-78 70-75
Cu 78-85 78-83 (just one tin)
Anlayses
Horizons Ah Bw1 Bw2 BC Cu
Depth (cm) 0-10 10-25 25-68 68-78 78-85
Sand >600um-2mm % 17.2 19.1 18.0 19.0 20.3
200-600pm % 1.7 15.0 200 255 26.2
106-212um % 5.8 6.5 8.2 122 10.5
63-106um % 4.0 4.3 4.6 6.8 5.9
Sit 263um % 38.8 35.8 36.1 258 259
Clay <2pm % 225 194 13.1 10.7 11.3
Organic carbon % 3.7 25 0.5 0.3 0.4
pH in water (1:5) 5.5 6.3 7.5 7.3 7.3
Bulk density g.cm” 0.83 1.20 1.33 1.6 1.6
Total pore space %vd 65.0 43.4 36.3 352 285
Water content at field 53.4 31.9 26.3 28.6 211
cap acity (0.05bar) %vol
Water content at 0.1bar %v ol 484 29.7 25.3 27.9 20.6
Water content at 0.4bar %v ol 451 28.1 24.3 27.2 20.0
Water content at 20bar %vol 43.9 26.8 228 26.7 19.8
Water content at wilting 40.8 25.8 225 26.2 19.7

point (15bar) %vad

141



Watnall, Nottinghamshire

Profile no:

Grid reference

Soil Series: Bromsgrove series

Classification: Typical brown earth

Date: 14™ April 2004

Land use: Permanent mown grassin Met Station compound
Weather

Slope and
asped
Horizons:

0to15cm
Dark reddish brown (6 YR 3/2) stonele ss sandy loam; low packing density

15t030 cm
Reddish brown (5YR 4/3) stoneless sandy loam; low packng density

3040cm
Reddish brown (5YR 4/4) stoneless sandy loam; low packng density

40-

Samples taken;

Horizon Sample type
Bag for Partide sze Tinsfor Water
classtaken from release taken from
(am) (am)

Ah 0-30 0-5

Bw1 20-25

Bw2 40- 4045
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Analyses

Horizons Ah Ah/Bw1? Bw2 BC Cu
Depth (cm) 015 15-30 30-45-
Sand >600um-2mm % 5.8 0.6
200-600um % 11.2 122
106-212um % 30.3 339
63-106 um % 13.7 16.2
Silt 263um % 23.0 194
Clay <2um % 16.0 17.7
Organic carbon % 34 0.7
pH in water (1:5) 6.6 7.0
Bulk density g.cm” 1.00 1.17 1.00
Total pore space %vd 525 44.1 24.6
Water content at field
cap acity (0.05bar) %vol 41.4 332 17.5
Water contentat 0.1bar %v ol 37.8 29.7 154
Water content at 0.4bar %v ol 339 285 14.3
Water content at 20bar %v ol 31.1 26.4 134
Water content at wilting
point (15bar) %vad 29.9 25.8 13.2
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Rothamsted, Hertfordshire

Profile no:
Giid reference
Soil Series:
Classification:
Date:

Land use:
Weather

Slope and
aspect
Horizons:

0to10 cm

10to025 cm

25t068 cm
68to78 cm

78to085 cm

Samples taken;

Horizon

TL11/3133
51316 21330

Batcombe Series?

Stagnogleyic palaeocargillic brown earth

Permanent mown grassin Met Station compound?

Bag for Partide

classtaken from
(om)

Sample type

dze Tinsfor Water
release taken from

(am)

0-

20-
40-
65
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Ah

Bw1

Bw2

BC

Cu

Cr



Analyses

Horizons

Depth (cm)

20

20

65

Sand >600um-2mm %

200-600pm %

106-212um %

63-106 um %

Silt  263um %

Clay <2um %

Organic carbon %

3.4

20

0.6

0.5

pH in water (1:5)

Bulk density gcm”

Total pore space %vd

Water content at field
cap acity (0.05bar) %vol

Water contentat 0.1bar %v ol

Water content at 0.4bar %v ol

Water contentat 20bar %v ol

Water content at wilting
point (15bar) %vad
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Location Green Farm, Lancaster Road, Gringley-on-the-Hill, DN10 4R L

Recorder Mr L W Hardy

Profile no: SK79/427905

Grid reference 474268 390504

Sail Series: Newport (Rudge?)

Classification: Typical brown sand — (close to stagnogleyic brown sand?)
Date: 10" December 2003

Land use: Permanent mown grass

Horizons:

0to35cm

10Y R4/2 stoneless mSL

35to75 cm

10YR5/3 mLS with commondidina 10YR5/6 mottles

75t085 cm

10YR5/2 SCL with common didinc 10YR5/6 and 2.5Y 5/2 mottles
85110 cm

10YR5/4 mS with common faint 10YR5/6 mottles

110-120 cm

10YR5/5 CL with many distinct 10YR 6/2 mottles

Location Buxton Town Hall, Derby shire
Recorder Mr Steve Green 0845 120 7777 X450
Profile no: SK07/580340

Giid reference 405800 373400

Soil Series: W etton series

Classification: Humic ranker

Date: 11" December 2003

Land use: Mown grass within weather compound
Weather

Slope and aspe ct

Horizons:

0to39cm

10YR3/2 dlightly stony humose CL; stones small to medium angularlimestone s

At39cm
Bedded limedone
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Location Lake Vyrnwy No.2

Recorder Steve Haynes, Met Office 01392 885857
Profile no: SJ01/12098743

Giid reference 301209 318743

Soil Series: Manod series

Classification: Ty pical brown podzolic soils

Date: 11" December 2003

Land use: Pemanent grass just outside of compound
Weather

Slope and aspe ct

Horizons:

0to22 cm Ah

10YR4/3 very dightly stony ZCL (18%S; 20% C); stones amall angular tabular dates;
moderate packing density;

22to35 cm Bw
10YR5/5 dlightly stony CL (23%S; 24%C); stones as above; moderate packing density;
35t048 cm

2.5Y 5/2 moderately stony CL (23%S; 23%C); stones as above but increasing in
abundance downwards; medium packing density

At48cm Cr
Stopped by bedded d ate

Location Bronydd Mawr, Llandovery — [Prof Pollock | GER Aberystwyth]
Recorder Arthur Davies (Head) or Jim Vale, Elaine Rees Tel: 01874 636 480
Profile no: SN83830090

Giid reference 288300 230900

Sail Series: Middleton series (CL-variant)

Classification: Stagnogleyic argilic brown earth

Date: 12" December 2003

Land use: Permanent grass in com pound

Weather Wet overnight and during ass essment

Slope and aspe ct

Horizons:

0to22 cm An
10YR4/3 dlightly stony SZL (17%C; 28%S ), stones small angularsandstones
22t030 cm Bw(g)1

10YR5/3 with fewfaint 10Y R 5/6 mottles moderately stony CL (23% C; 35%S); donesas
above

30to50 cm Bw(g)2
2.5YR4/3 with common distinct 10 YR 5/6 mottles moderately stony CL-ZCL (20% C,
22%59)

50t090 cm Bg
2.5YR4/3 modenately stony ZCL (22%C; 18%S); stones as above

At90cm Cr

Stopped by sandstone
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Location Cockle Park Experimental Fam, Morpeth, N othumberdand

Recorder NIAB, Senior Trials Officer — David Young Tel: 01670 790227 (Fam
office)

Profile no: NZ19/997101

Giid reference 419968 591009

Soil Series: Rivington series

Classification: Typical brown earth

Date: 16" December 2003

Land use: Permanent grass adjacent to enclosure

Weather

Slope and aspe ct

Horizons:

0to25cm Ah

10Y R 4/3 slightly stony SL; few small angular sandstones

25t040 cm Bw

2.5Y 5/4 LS-S (ground soft sandstone?)

At40cm Cr

Stopped by sandstone rock — verified in two further holes

Location Hunt Hall F arm, Forest-in-Teesdale, Barnard Castle, Durham DL12 OHJ
Recoder Mr lan Findlay Tel: 01833 622285

Profile no: NY 835297 0574

Giid reference 3852297 530574

Soil Series: Hlerbeck series

Classification: Typical brown earth

Date: 16" December 2003

Land use: Permanent grass adjacent to enclosure

Weather

Slope and aspe ct

Horizons:

0to20 cm Ah

7.5YR4/4 very dighlly stonyhumose SL; dones small tolarge angular sandstones; low
packing density

20to32 cm Bw
10YR4/4/very stony SL to SZL; stones asabove; lowpacking density

32cm

Stopped by large stone
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Location AD AS High Mowthorpe, Duggleby, Malton, North Yorkshire YO17 8BP

Recoder Kate Snowden Tel: 01944 738646
Profile no: SE 86/882853

Giid reference 488821 468527

Soil Series: Panholes series (a bit too deep)
Classification: Typical brown calcareous earth

Date: 17" December 2003

Land use: Pemanent grass adjacent to enclosure
Weather

Slope and aspe ct

Horizons:

0to25cm Ah

10YR4/3 very dlightly stony ZCL; stones small and very small fragmentsof chalk high
packing density

25to45 cm Bw1
10YR5/4 very dlightly stony ZCL; stones asabove; medium packng density

45t085 cm Bw2
10YR4/4 dlightly stony ZCL; stonesas above; Medium packing dendty

At85cm Cr
Chalk
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APPENDIX 5

Analysis of soil temperature datameasured by INTERMETinstruments and UKMO
equipme nt at Camborne, Watnall and Rothamsted

Soil temperature was recorded at three sites using two different probes. The UKMO probe
measured soil temp at depths of 10cm, 30cm and 100cm. The NSRI INTERMET probes
measured temperature at the surface, 20cm 40cm 60cmn 80cm and 100cm.

Rothamsted site

Comparing NSRI surface temp with UKMO at 10am gave a corrlation coefficient of 0.933.
Udng the reduced major axis' (as both measurements contain errors) an equation of the
relation ship isasfollows:

NSRItempsurf =4.094 + 0.667xMetofficel0Ocm (Fig. 1)

The slope has a confidence interval of (0.637, 0.697). This dope is significantly different to
unity so there is a significant bias in the data — the temperature measured by NSRI at the
surface being oconsstently higher than the UKMO data measured at 10cm at low
temperature s but lower above about 15°C.

Soiltemrpe rature at Rothamsted
Fundion =4.094 +0.6 7*x

NSRI temp at s urface

4 6 8 10 12 14 16 18 20 22 24
Met office tenp at 10cm

Fig. 1 Soil temperatures from NSRI probe at surface compared with UKMO data at 10 cm
depth

To examine if thiseffectis caused by the NSRI measurement being at the surface, the NSRI
measurement at 20cm was compared to the met office at 10cm.

In this case the correlation was 0.933 and the reduced major axisline with a relationship of
NSRItempsurf =4.546 +0.643xMetofficel0cm

The slope has a Cl of (0.612, 0.674). Thisline isnot significantly different to the one using
the NSRI surface data so it reasonable to condude that the NSRI instrument measures
lowerthan the UKM O indrument near the surface of the soil profile.

Comparing NSRI temp at 40cm with UKMO at 30cm gave a correlation coeffident of 0.983
and aline with the following relationship

NSRItemp40 = 2.332 + 0.773xMetoffice30cm (Fig. 2)

The slope hasa confidence interval of (0.754, 0.792). Thisagain shows a consigent bias
between the two instumentsbutthisbiasisnot aslarge as near the surface.
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Soiltempe rature at Rothamsted
Fundian =2.332+0.77 3*x
20

NSRI temp at40cm

6 8 10 12 14 16 18 20 22
Met office tenp at 30cm

Fig. 2 Soil temperatures from NSRI probe at 40 cm de pth compared with UKMO dataat 30 cm
depth

Comparing NSRItemp at 100cm with Met office data al so at 100cm givesa correlation
coeffident of 0.989 and equation

NSRItemp100 =1.929 + 0.806xMetofficel00cm (Fig. 3)

The slope hasa confidence interval of (0.791, 0.821)

Soiltemperature at Rothamsted
Fundian =1.929+0.86"

NSRI temp at 100c m

6 8 10 12 14 16 18
Met office temp at 100cm

Fig. 3 Soil temperatures from NSRI probe at 100 cm depth comp ared with UKMO d ata at
100 cmdepth
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Soiltempe rature at Rothamsted

Function = 2.0456+0 .80 9*x upto 15/08/04 - upper line
Function = 0.449+0 .88 9*x from 15/08/04-lower line

NSRItempat 100cm
N

6 8 10 12 14 16 18
Met office tenp at 100cm

Fig. 4 Soil temperatures from NSRI probe at 100 cm depth comp ared with UKMO d ata at
100 cmdepth

It can be seen from Fig. 3 that there appears to be a change in the relationship of the
measurements over ime — the points are numbered intime order. Thisisnot apparent at the
other depthsin this soil.

The data have been divided into two sets using the highest temperature as the dividing
point. This gives two different equations with significantly different slopes and intercepts
(Fig. 4).

NSRItemp100 = 2.0456 + 0.809 xMetoffice100cm
For increasing temperature (correlation coefficient=0.994 ) and

NSRItemp100 = 0.449 +0.889xMetofficel00cm

For decreasing temperaure (correl #ion coefficient = 0.995)
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Cam borne site

Comparing NSRI surface temp with metoffice at 10cm gave a comrelation coefficient of 0.964.
Usng the reduced majoraxis an equation of the relationship is asfollows

NSRItempsurf =2.699 +0.899xMetofficel0cm
the dope hasa confidence interval of (0.867,0.931)

Soiltemperature at Camb ourne
Function = 2.6 88+ .899"x
24

NSRI temp at surface

6 8 10 12 14 16 18 20 22
Met officetenp at 10cm

Fig. 5 Soil temperatures from NSRI probe at th e surface compared with UKMO data at 10 cm
depth

The NSRIingrument consistently measures lowerthan the UKMO at this site but thisbiasis
not aslamge at this dte at this depth asit wasat Rothamsted. The NSRI data at 20cm was
compared with the UKM O at 10am and the following equation dete rmined.

NSRItemp20cm = 3.790 + 0.800xMetofficelOcm
This relationship hasa correlation coefficient of 0.958 (Fig. 6)

This equation i s dgnificantly different to that usng the NSRl surface probe data.
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Soil te nperature at Canbour ne
Function = 379+0.8*X
22

NSRI temp at 20cm

6 8 10 12 14 16 18 20 22
Met office tenp at 10cm

Fig. 6 Soil temperatures from NSRI probe at 20 cm de pth compared with UKMO dataat 10 cm
depth

Comparing NSRItemp at 40cm with met office at 30cm gave a correlation coefficient of
0.991 and equation

NSRItemp40 = —0.0009 + 0.997xMetoffice30cm
The slope hasa confidence interval of (0.979,1.015)

Soil te mperature at Canbour ne
Runction = -0.00087 +0.997* x

NSRI temp at40cm

8 10 12 14 16 18 20
Met office tenp at 30cm
Fig. 7 Soil temperatures from NSRI probe at 40 cm de pth compared with UKMO dataat 30 cm
depth

At 30 - 40 cm there is no significant differe nce between the two instruments — there isno
bias and al so there isno shift in the data asthe constant is not different from zero.
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Comparing NSRI temp at 100cm with Met office data also at 100cm gives a correlation
coeffident 0f 0.993 and equation

NSRItemp100 = 0.512 + 0.934xMetofficel00cm

the dope hasa confidence interval of (0.920,0.947)

Soil te nperature at Canbour ne
Function= 0.5124+0.934*x

NSRI temp at 100c m

9 10 " 12 13 14 15 16 17 18
Met Of fice temp at 100cm
Fig. 8 Soil temperatures from NSRI probe at 100 cm depth comp ared with UKMO d ata at
100 cmdepth

From Fig. 8 it is apparent that there are two relationships between the temperature
measurements, one where the soil is warming up and one where the soil is cooling down.
The data was split into two sets (as with the Rotham sted data). At this site the data was split
at11/08/04 (Fig.9). Thisgivestwo equations with significantly different dopes:

NSRItemp100 = 0.061 + 0.956xMetofficel 00cm

For increasing temperature (correlation coefficient=0.998 ) and
NSRItemp100 = 2.207 + 0.834 xMetofficel 00cm

For decreasing tem perature (correlation coeffident = 0.999)

It can be seen tha the bias increases (ie., the slope is further from 1) when the soil is cooling at
Camborne whereas at the Rothamsted site the bias decreases when the soil is cooling
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Soil te perature at Canbour ne

Function =0.061+0.956*x upto 11/08/04 -low er line
Function= 2.207 +0.834*x from11/08/04- upper line

NSRItempat 100cm
@

9 10 1" 12 13 14 15 16 17 18
Met Of fice terrp at 100cm
Fig. 9 Soil temperatures from NSRI probe at 100 cm depth comp ared with UKMO d ata at
100 cmdepth

Watnall site
Comparing NSRI temp at 20cm with UKMO at 10cm gawve a correlation coefficient of 0.975.

Usng the reduced major axis (as both measurements contain errors) an equation of the
relation ship isasfollows:

Soil tenperature at Watnal |
Function = 1.480+.893 *x

NSRI temp at 20cm

6 8 10 12 14 16 18 20 22
Met office tenp at 30cm

Fig. 10 Soil temperatures from NSRI probe at 20 cm depth comp ared with UKMO d ata at
30cmdepth
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NSRItemm®20cm =1.480+ 0.893xMetofficel ccm
The slope hasa confidence interval of (0.867,0.919)

There is some evidence at this depth that there is a differential between the waming up and
the cooling down relationship. The numbers refer to the ime sequence of the observations.

The data was split into two sets (as with the Rothamsted and Cambome data) At Watnall
the data were split at 10/08/04. This produces two equations with sgnificantly different

slopes (fig. 11):

NSRItemp20cm = 0.484 + 0.948 xMetofficelOcm

forincreasing temperature (correlation coefficient =0.976 ) and
NSRItemp20cm = 3.041+ 0.803 xMetofficelOcm

fordecreasing temperature (correlation coefficient = 0.992)

Soil tenperature at Watnal |

Function =0 48 36+.948"x upto 10/08/04 low erline
Furction = 3.04 +#+0.803*x from10/08/04 upperline

NSRItempat 20cm
N

6 8 10 12 14 16 18 20 22
Met office tenp at 30cm
Fig. 11 Soil temperatures from NSRI probe at 20 cm depth comp ared with UKMO d ata at
30 cmdepth
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Compaing NSRI temperaures at 40an depth with UKMO data at 30cm depth gave a corrdation
coeffident of 0.982 and equation (Fig. 12).

NSRItemp40 =1.497 +0.860xMetoffice30cm
The slope hasa confidence interval of (0.838,0.882)

Soil tenperature at Watnal |
Function = 1.497+0.860*X

NSRI temp at40cm

Met office tenp at 30cm

Fig. 12 Soil temperatures from NSRI probe at 40 cm depth comp ared with UKMO d ata at
30 cmdepth

Again there is some evidence of a difference in the warming up and cooling down

relation shipsbetween the two measurement setups. Dividing the data usng the same 9lit
asat the surface givestwo equations with sgnificantly different slopes (Fig. 13)
NSRItemp40 = 0.573 + 0.912xMetoffice30cm

forincreasing temperature (correlation coefficient =0.984 ) and:

NSRItemp40=3.082+ 0.767xMetofficel3(0cm

fordecreasing temperature (correlation coefficient= 0.996)
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Soil tenperature at Watnall

Functbn = 057 25+0.912°X upto 10/08/04 low & Ihe
Functbn = 30823+0.767 % from 10/08/04 uppe Ihe

NSRI temp at40cm

6 8 10 12 14 16 18 20 22
Met office tenp at 30cm

Fig. 13 Soil temperatures from NSRI probe at40 cm depth com pared with UKMO data at
30 cm depth

The temperature was measaured every hour for the NSRI indrument and once a day at the

UKMO instrument. For the analyss above the reading at 9am from the NSRI data was
selected as the UKMO data was read at this time. However the hourly data was available

and was examined for Watnall to investigate whether the change in the relationship wasa
lag problem i.e. did one set up warm up (or cool down)faderthan the other.

In examining this hourly data it was apparent that the NSRl instrument was much more
variable in the first week of obsewations with the data showing a diumal pattern — this
stopped abruptly at 1am on 07/04/2005 (Fig. 14). Thisisthought to be caused by any air gap
around the installation being filled as the diumnal pattem should not be detectable at 100cm.

The first week of data was discarded at Watnall. This effect was not apparent at any other
site.

Soil tenperature at Watnal |

®
1 °
%
° 0 NSRlat 100cm
o B Metoff ice at 100cm
10 3;, 0 ©
0: ° Q
% o &; ©©° 8 oo
9 ’;’ o% ° o © %o% ‘;‘b
o o ©° oo ©° o oo
0% o v ° O o
; IL s
e oo
o Op ©
8 o © e S © g; O R g o Ry
[T % Soo®
°o o °°o Z
° e 1%
7 oo
0

3/30/04 0:00 4/1/04 0:00 4/3/04 000 4/5040:00 4/7/040:00 4//040:00 4/11040:00

datetime

Fig. 14 Soil temperatures from NSRI probe at 100 cm depth compared with UKMO data at
100 cm dep th for first few d ays of analysis
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Comparing NSRI temp at 100cm with Met office data also at 100cm gives a correlation
coeffident 0f 0.959 and equation

NSRItemp100 = 0.097 + 0.944xMetoffice1 00cm
The slope has a confidence interval of (0.907, 0.980)

However on examination of the data it was apparent that there were two distinct
relationships (Fig. 15). These are shown on the graph for temperature rising (correlation
coeffident= 0.992 ClI of dope (0.944, 0988)) and temperature falling (correlation
coeffident=0.996 Cl of slope (0.697, 0.725)).

Soil tenperature at Watnall

Function = -0.6311+0.966"x upto 11/08/04 lower line
Functon=4.0950+0.711*x af ter 11/08/04 upper line

NSRI temp at 100cm
S

6 8 10 12 14 16 18 20
Met office tenp at 100cm

Fig. 15 Soil temperatures from NSRI probe at 100 cm depth compared with UKMO data at
100 cmdepth

Table1 Analysis ofresults

Site Depth Warming/cooling Constant Slope Equation
type
Rothamsted 10cm/20cm N/A 4.546 0.643 B
30cm/40cm N/A 2.332 0.773 B
100cm Warming 2.046 0.809 B
100cm Cooling 0.449 0.889 A
Camborne 10cm/20cm N/A 3.79 0.800 B
30cm/40cm N/A -0.001 0.997 A
100cm Warming 0.061 0.956 A
100cm Cooling 2.207 0.834 B
Watnall 10cm/20cm warming 0.484 0.948 A
cooling 3.041 0.803 B
30cm/40cm warming 0.573 0.912 A
cooling 3.082 0.767 B
100cm warming -0.631 0.966 A
cooling 4.095 0.711 B

There appear to be two groups of equations — those with a small intercept lying between -
0.63 and +0.57 and slopes varying from 0.889 to 0.997 (labelled A equationsin Table 1)
and equations with a larger intercept between 2.05 and 4.55 and smaller slope between
0.643 and 0.834 (labelled B equations). It is apparent that the differences between the NSRI
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indrument and the Met office one depend on the soil type and the depth. At Rothamsted and
Camborne the difference between warming and oooling is only apparent at 100cm whereas
there are real differencesat Watnall all down the profile.

References
Sokal, R.R and Rohlf, F.J. (1981). Biometry. W.H. Freeman, New York
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APPENDIX 6

Areview of NSRl measured s oil temperature and soil moisture data vs NSRI-modified
MOSES modelled output

Input data files

Hourly weather data for the close st weather station to each of the 3 sites wasobtained for
the same period (April 2004- March 2005) from the UKMO. Weather data were converted
into appropriate unitsforMOSES input (see Appendix 1).

Soail hydrological parameters are detailed in Appendix2. The soils at each site are;
Camborne — Milford series; Rothamsted — Batcombe sries; Watnall — Bromsgrove series:

The settingsfor the inlstsfile are givenin Table 1.

Parameter Setting

timedep 3600 seconds[1 hr]

number im esteps 10224

spec_albedo FALSE

zref 2.

met file Site specific

sail file Site specific

stheta initial il moigure was taken from the measured data and

Stheta setto the fraction of vsat the initial measured sail
moisture value represents

toil initial il tem perature foreach layer wastaken from the
measured data to provide realistic starting tem peratures

met file= change for each different ste
sail file= change for each different ste

Table1 Settings requiredforinlsts input file

Output datafiles

Results files indude the modelled MOSES soil moisture and temperatures and the
corre sponding measured data from the site.

Res ults

1. Soil moisture
The modelled values represent an average for the layer depth and do not necessarily

correspond exaclly to the measured depths. Generally the upper layers tend to indicate a

better correlation with the corresponding measured soil depth or depths Hgher measured
soil moisture contents in the lower layers may be due the influence of groundwateror smply
to a poor selection of initial il moisture within the model.
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a) Camborne

A plot of the surface layer is shown below. It can be seen that the measured data have a
bimodal dstribution which isnotdemonstrated by the modelled data.
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Fig. 1 Scatter plotwith histograms of measured soil moisture at 20 cm depthand
modelled data at 0-25 cm depth

Camboume surface layer (0-25cm)

0.55 T v r
0.50
0.45
0.40
0.35
0.30
0.25
0.20 L
— Modelled soil moisture

0.15 — Measured soil moisture
0.10

0 1000 2000 3000 4000 5000 6000

Time
Fig. 2 Plot of Measured soil moisture at20 cm depthand modelled s oil m oisture at 0-
20 cm depth

It is apparent from Fig. 2 that the model is not fully representing the variability in the
measured data.

At25-75 an depth itis again apparent thatthe model is not representing the varability in the
measured data. Whil st the general trendsin soil moigure change is modelled fairly well the
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variability is not predicted (Fig. 5). The modeled data have a much smaller range of values
than the measured data (Fig. 4).
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Fig. 3 Scatter plotwith histograms of measured soil moisture at 60 cm depthand
modelled data at 25-70 cm de pth
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600 [ E
AnHHE
500 # ’ ’E
Lol pMHHHE
: 1R
300 | E | i Eg EE Eu E
200 "
PR AR o
LA R A i\! N
i ] AR
VA
CHEH AL P R
0

3687 0.3903 04119 0.4335 0.4551 04768 0.4984 0.5200

Fig. 4 Histogram of modelled (25-70 cm) and measured (60 cm de pth) soil mois ture
data
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Fig. 5 Plot of Measured soil moisture at60 cm depthand modelled s oil m oisture at
25-70 cm depth

At 70-110 cm depth soil moisture values appear poorly predided. On dose inspection,
howeer, it is clear that the measured fluctuations are well repre nted by the modelled data
but at greatly reduced moidure content (Fig. 7). It islikely that the initial moisture content
ascribed at the start of the model run was too low. In both the measured and modelled data
the variation is small (4 and 7 per cent moigure content respectively. These findingsare al

Cambourne

— Modelled soil moisture (25-70cm)
— Measured soil moisture (60cm)

362 762 1162 1562 1962 2362 2762 3162 3562 3962 4362 4762 5162

Time

true at 110-150 cm depth (Fig. 8).

Fig. 6 Scatter plotwith histograms of measured soil moisture at 80 cm depthand

Cambourne
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modelled data at 70-110 cm depth
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Fig. 7 Plot of Measured soil moisture at80 cm depthand modelled s oil m oisture at
70-110 cm depth
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Fig. 8 Plot of Measured soil moisture at100 cm depth and modelled s oil moisture at
70-110 cm depth
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b) Rothamsted
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Fig. 9 Scatter plotw ith histograms of measured soil moisture at 20 cm depth and
modelled data at 0-15 cm depth
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Fig. 10 Plot of Measured soil moisture at 20 cm depth and modelled s oil moisture at
0-15 cm de pth
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Scatterplot with Histograms (roth.sta 28v*53 76¢)
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Fig. 11 Scatter plot with histograms of measured soil moisture at 40 cm de pthand
modelled data at 15-55 cm de pth
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Fig. 12 Plot of Measured soil moisture at 40 cm depth and modelled s oil moisture at
15-55 cm depth
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Fig 13 Scatter plot with histograms of measured soil moisture at 80 an depth and modelled data at
5595 cm depth
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Fig. 14 Plot of Measured soil moisture at 80 cm depthand modelled s oil moisture at
5595 cm depth
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Fig 15 Scatter plot with histograms of measured soil moisture at 100 cm depth and modelled data at
95-150 cm depth
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Fig. 16 Plot of Measured soil moisture at 100 cm de pth and modelled soil m ois ture at
95-150 cm depth
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c) Watnall
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Fig. 17 Scatter plot with histograms of measured soil moisture at 20 cm de pthand
modelled data at 0-20 cm depth
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Fig. 18 Plot of Measured soil moisture at 20 cm depth and modelled s oil moisture at
0-20 cm de pth
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Fig. 19 Scatter plot with histograms of measured soil moisture at 40 cm de pthand
modelled data at 25-50 cm de pth
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Fig. 20 Plot of Measured soil moisture at 40 cm depth and modelled s oil moisture at
20-50 cm depth
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Fig. 21 Scatter plot with histograms of measured soil moisture at 60 cm depth and
modelled data at 50-70 cm de pth
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Fig. 22 Plot of Meas ured soil moisture at 60 cm depth and modelled s oil moisture at
50-70 cm de pth
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2 Soil tem perature

a) Camborne
The graph below (Fig. 23) shows the modelled and measured soil temperature near the

surface. It is apparent that the modelled soil temperature is showing more variation than the

measured soil temperature. In this case both distibutions show a bimodal distribution
although it is stronger in measured data (Fig. 24).
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Fig. 23 Plot of Measured soil temperature at 20 cm depth and modelled s oil
temperature at 0-20 cm de pth
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Fig. 24 Scatter plot with histograms of measured soil temperature at 20 cm depth
and modelled data at 0-20 cm de pth
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At 25-70cn the measured and modelled data showa much stronger relationship whichis
apparent throughout the remainder of the profile.
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Fig. 25 Scatter plot with histograms of measured soil temperature at 60 cm depth
and modelled data at 25-70 cm depth
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Fig. 26 Plot of Meas ured soil temperature at 60 cm depth and modelled s ail
temperature at 25-70 cm depth
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Fig. 27 Plot of Meas ured soil temperature at 80 cm depth and modelled s ail
temperature at 70-110 cm depth
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Fig. 28 Scatter plot with histograms of measured soil temperature at 80 cm depth
and modelled data at 70-110 cm depth
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b) Rothamsted
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Fig. 29 Scatter plot with histograms of measured soil temperature at 20 cm depth
and modelled data at 0-15 cm de pth
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Fig. 30 Plot of Measured soil temperature at 20 cm depth and modelled s oil
temperature at 0-15 cm de pth
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Fig. 31 Scatter plot with histograms of measured soil temperature at 40 cm depth
and modelled data at 15-55 cm depth
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Fig. 32 Plot of Meas ured soil temperature at 40 cm depth and modelled s oil
temperature at 15-55 cm depth
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Fig. 33 Scatter plot with histograms of measured soil temperature at 80 cm depth
and modelled data at 55-95 cm depth
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Fig. 34 Plot of Measured soil temperature at 80 cm depth and modelled s oil
temperature at 55-95 cm depth
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Fig. 35 Scatter plot with histograms of measured soil temperature at 100 cm de pth
and modelled data at 95-150 cm depth
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Fig. 36 Plot of Measured soil temperature at 100 cm de pth and modelled soil
temperature at 95-150 cm depth
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c) Watnall
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Fig. 37 Scatter plot with histograms of measured soil temperature at 20 cm depth
and modelled data at 0-20 cm de pth
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Fig. 38 Plot of Measured soil temperature at 20 cm depth and modelled s oil

temperature at 0-20 cm de pth
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Fig. 39 Scatter plot with histograms of measured soil temperature at 40 cm depth
and modelled data at 20-50 cm depth
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Fig. 40 Plot of Measured soil temperature at 40 cm depth and modelled s oil
temperature at 20-50 cm depth
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Fig. 41 Scatter plot with histograms of measured soil temperature at 60 cm depth
and modelled data at 50-70 cm depth
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Fig. 42 Plot of Measured soil temperature at 60 cm depth and modelled s oil
temperature at 50-70 cm depth

183



