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1. INTRODUCTION

Changing global environmental conditions (temperature, precipitation and concentrations of
atmospheric greenhouse gases) have a significant effect on plant community structure and
thus indirectly influence food production and security worldwide. Management also plays a
significant role in the functioning of grassland ecosystems and their production of biomass.
Grasslands are a significant provider of feed for ruminant livestock in Europe and also sustain
a range of ecosystem services, including carbon sequestration and water management. With
an increasing demand for livestock products driven by a rising global population, the need to
utilise marginal areas such as uplands effectively and sustainably is growing. Modelling is an
important component in developing climate change resilient production systems, but
relatively few agricultural models have been applied to marginal grasslands. Models can
simulate different management options providing valuable insights into the actual, short and
long term consequences of on-farm and policy decisions. The applied pasture simulation
(PaSim) model was developed at Grassland Ecosystem Research Unit, French National
Institute for Agricultural Research (INRA) and has proven its reliability through a number of
international model comparisons, such as FACCE JPI MACSUR and FACCE JPI C-N MIP.
This paper summarizes results obtained with the PaSim model using field experiments
designed to measure soil parameters as input data and parameters for model calibration. The
objective was to identify the most sustainable management approach(es) for a long-term
preservation of soil fertility in the uplands of mid-Wales.

2. MATERIALS AND METHODS

2.1. Study area
Pwllpeiran, Brignant plots
Pwllpeiran Brignant plot (PW afterwards) (52°21'53'' N, 03°49'39'' W) is an upland pasture
site with a long agricultural history in Wales (UK) (Pictures 1-5). The site is situated within
the Cambrian Mountain ESA where the pilot area is located 310 m a.s.l. on free-draining
typical brown podzolic soil. PW were established on Lolium perenne-dominant pasture that
had been ploughed and reseeded in 1973. Climatic and vegetation circumstances of the seminatural biohydrological experimental site are demonstrated in Table 1. The experimental
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plots (Appendix-Figure A) were set up in 1995 on a previously improved pasture dominated
by grass species and with limited frequency of desirable forb species in order to test the
effectiveness of different extensification managements to enhance botanical diversity. A
total of seven separate grassland management regimes were imposed on individual plots of
0.15ha (Table 2.). Treatments were replicated three times in a randomized block design.
Treatments are: i) control with sheep grazing and applied lime and NPK fertilization, ii)
grazing with or without lime, iii) hay cut with or without lime and iv) hay cut aftermath
grazing with or without lime. Details of the applied managements are specified in Table 2.

2.2. PaSim model
PaSim is a process based complex model which simulates water, carbon (C) and nitrogen (N)
cycling in grassland systems at sub-daily time steps (namely, 0.02 of a day) at a spatial scale
of a plot. Microclimate, soil biology and physics, vegetation, herbivores and management are
contained within interacting modules. Animals are only considered at pasture and not during
indoor periods. Photosynthetically-assimilated C is allocated dynamically to one root and
three shoot compartments (each of which comprise four age classes) or lost through animal
milking, enteric methane (CH4) emissions, and ecosystem respiration. Accumulated
aboveground biomass is cut or grazed or enters a litter pool. The N cycle considers N inputs
to the soil via atmospheric deposition, fertilizer, symbiotic fixation by legumes, and animal
faeces and urine. Inorganic soil N is available for uptake and may be lost through leaching,
volatilization and nitrification/denitrification, with the latter processes leading to N2O
emissions to the atmosphere. Management includes organic and mineral N fertilization,
mowing, and grazing, with parameters set by the user or optimized by the model.
PaSim is a well validated model (Ma et al., 2015). The mechanistic approach allows the
study of global change impacts (e.g. temperature, precipitation, management change, etc.) on
grasslands. The model includes an animal module (sheep or cattle) and is able to calculate
the ingested biomass, milk production, gain of live weight, animal excreta and CH4
emissions.
Five different type of input data are required to run PaSim: i) climatic, ii) management,
iii) site specific conditions (e.g. latitude, altitude, soil properties), iv) initial conditions for
plant, soil and animals and v) run properties (e.g. options, output variable list, simulation
length). Most of these were available as row data from the database of IBERS, however
some important input data and parameters were determined from historical data, reports,
field and laboratory measurements.
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2.3. Data collection and data mining processes
To create the climate input file for the simulations PaSim needs minimum and maximum
temperature, precipitation, solar radiation, air humidity, wind speed, and N2O and CO2 air
concentrations on a daily scale. Apart from the two gas concentrations the other model
inputs were recorded by the PW meteorological station from 11th June 2014. As PaSim is
only able to manage whole years, a data mining process was required to find long term
meteorological inputs for the simulations.
ADAS Wales recorded some basic meteorological data at Cwmystwyth between 1st
of January 2002 and 30th June 2011 that was a suitable and long-term database to run the
PaSim model, after gap filling and conversions (see these processes later, in 2.5 chapter).
Further attempts failed to gap fill the missing period between 1st June 2011 and 10th
June 2014, thus the latest records of PW meteorological were not included in this current
study. Notwithstanding, the different meteorological files from ADAS Wales and IBERS with
their field databases were merged together. These well-organized files were used for further
management and data analyses during this study.
The applied pastures simulation model requires historical input files too for creating
an equilibrium file as a start point of the simulation. For covering the historical period of the
model run, UK grid based meteorological scenarios were used from the JPI-FACCE
MACSUR UK Case Study. This database provided sufficient climatic information for 30
years, between 1st January 1980 and 31st of December 2010.
However, the model still needed a board range of input data and parameters to fill up
the carbon or the water pool. Some of those variables were available from previous studies at
the Upland Research Centre in Aberystwyth University and also from the database of ADAS
Wales. This work lead to us to establish a list of required model inputs and design a field and
laboratory investigation strategy.

2.4. In situ and laboratory measurements
With the support of the Stapledon Memorial Trust, some of the most important in situ and
laboratory measurements were carried out, such as soil hydraulic conductivity and soil water
content. The measured soil water repellency index was measured for the better understanding
of environmental conditions.
To set up initial and site specific conditions of the model, systematic sampling
methods were used under field-moist conditions for measuring the biohydrological
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properties of the soil surface. Approximately 0.5–1 cm thick top soil layer was removed
before the measurements to hinder the inﬂuence of diﬀ erent vegetation types (RodríguezAlleres & Benito 2011).

The investigated area had a pedon scale which is usually

considered as a ‘homogenous’ soil mapping unit, where the 1m2 area were divided into
smaller units.
Water drop penetration time (WDPT) (Picture 6) and water repellency cessation times
(WRCT) were used to assess the persistence of soil water repellency (Lichner et al. 2013).
Doerr et al. (2000) classification categories was used to evaluate the result of the widespread
method of WDPT. The water infiltration was investigated with a minidisk infiltrometer
(MDI, Decagon 2014; Picture 7).
Soil moisture content of the 0-75mm layer were investigated (Picture 8) in ten
repetitions using a gravimetric method. Some additional laboratory measurements are still
ongoing in Hungary to have exact information about the distribution of soil particulars.
The PW meteorological station collects a board range of meteorological data including
soil water content and soil temperature from 10 cm depth under six different treatments from
10th June 2014 continuously (Figure 9).

2.5. Gap filling and estimation of model inputs
To evaluate the measurements of MDI, the van Genuchten parameters are required, where n
and α (van Genuchten 1980) were determined with the SOILarium 1.0 (Fodor & Rajkai
2011) soil parameter estimation software.
To set up the climatic conditions, the ADAS Wales meteorological database from
Cwmystwyth was used for model simulation between 2002 and 2010. The PaSim model
requires a full set of input data and parameters without any gaps. But a few temperature data
were not available in the database which were gap filled using linear regression approach.
The PaSim model also requires relative humidity, but the ADAS Wales database recorded
only dry and wet bulb temperatures. The method of Huang et al. (2013) was used to estimate
the required input on a daily scale.
Solar radiation was estimated with RadEst software (Fodor, 2012) from daily minimum
and maximum temperature, precipitation and hours of sunshine data.

2.6. Multi-stage simulation protocol
To test the effectiveness of model calibration in uplands, a blind procedure was adopted
which ensure that model results would not be influenced by prior knowledge of the
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experiment. Amount of provided information were increased stage to stage (see below). Four
different treatments were distinguished: control (grazing with added fertilizer), grazing, haycut and hay-cut and aftermath grazing (Table 2) as the PaSim model cannot simulate added
lime management.
1st stage: Blind test simulation between 1st January in 2002 and 31st of December in 2010
-

Equilibrium model simulation between 1st January 1980 and 31st of December 2009;

-

General site description:
Longitude and latitude, field area, elevation a.s.l., slope, aspect, albedo,
type of grassland system, period of simulation;

-

Climate data (corresponding to the period of simulation):
The JPI-FACCE MACSUR’s grid based simulated meteorological datasets of daily
temperature (maximum and minimum), precipitation, solar radiation, wind speed, relative
humidity, daily mean CO2 and NH3 were used;

-

Soil initial data:
WRB-FAO soil reference name, short text description, maximum soil depth, maximum
rooting depth;
Description for each soil layer: thickness, proportion in sand, silt and clay, soil bulk density,
saturated water content, field capacity, permanent wilting point, saturated hydraulic
conductivity, volumetric soil moisture, total organic C, total organic N, coarse organic matter
fraction, pH H2O, extractable calcium, initial NH4 and NO3 concentration;

-

Management data:
Description of grazing events (starting/ending dates, stocking rates, animal type, average live
weight), land use, maximal vegetation heights, dates of cutting events, details of fertilization
(date and type of N- and other fertilizers);

-

Vegetation data:
Type of site pasture, Grassland vegetation (type of vegetation), estimated coverage fraction,
maximum height of vegetation, minimum height of vegetation after grazing and hay cut;
2nd stage: Consolidated blind test using ‘real’ climatic conditions
- Climate data:
Using of measured and measurement based estimated daily temperature (maximum and
minimum), precipitation, solar radiation, wind speed, relative humidity datasets from ADAS
Wales meteorological files;
3rd stage: Calibration
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-

Soil initial data:
Accurate site description with measurement (e.g. GPS coordination);

-

Soil initial data:
Improve the accuracy of the model inputs and parameters with the latest results of field and
laboratory measurements;

-

Management data:
Accurate N- and P fertilizer type, recalculate animal density and correct the grazing period
respectively climatic conditions;

2.7. Simulation evaluation
Results are presented using R Studio (RStudio Team, 2015) statistical computing and
visualization program.

3. RESULTS AND DISCUSSION
3.1. Evaluation of climatic conditions
Temperature and the amount and annual distribution of precipitation are the most important
climatic factors of grassland ecosystems. Figure 1 and Table 1 show the temporal variability of
meteorological records taken at PW which confirms a trend of increasing precipitation with a
high inter-annual fluctuation. Annual mean temperature is also slightly increasing. These
weather changes have an effect on grassland productivity and also on the botanical diversity of
Welsh uplands. Different managements such as mowing or grazing also make a considerable
difference. According to Frost (2001) one of the limiting factor on production at Pwllpeiran is
the weather, owing to its patterns and the increasing rainfall.

3.2. Evaluation of soil water content (SWC) and soil temperature (ST) estimates
Figure 2 and 3 show the comparison of blind test and calibrated ST and SWC, respectively at
weekly aggregation. These model outputs are the main drivers of soil processes and energy
fluxes but are strongly influenced by climatic factors such as temperature and precipitation.
The difference in ST levels’ temporal changes between the four applied treatments is not
significant. Blind test and calibrated simulation results indicate a considerable ST increase
(Figure 2) and SWC decrease (Figure 3) during the vegetation period in 2006 through a
drought period (Figure 1). The uncertainty of SWC and ST simulations slightly improved with
the simulation stages considering the meteorological conditions (Figures 2 and 3).
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3.3. Evaluation of plant biomass estimates
Annual total biomass was calculated as the sum of yield biomass and animal intake. Biomass
production shows considerable differences between treatments (Figure 4). Blind and calibrated
simulation results also indicate some significant differences between applied treatments. Blind
simulation results show that the variability of biomass in grazing only applied treatments
(Control and Grazing) is less variable than in hay cut managements. However, the biomass was
overestimated under hay cut aftermath treatment.
Calibration considerably improved the model estimates compared with previous biomass
measurements (Table 4) at PW between 1997 and 1999. Considering net biomass production,
the intensively grazed treatment with added fertilizer (Control) is the most effective
management. Hay cut aftermath grazing and only grazing treatments show similar biomass
production, whilst the only hay cut treatment produces the least yield. The temporal variability
of biomass production under hay cut and hay cut aftermath managements show higher
sensitivity to extreme weather events such as drought spells in 2003 and 2006 and water
logged periods in 2008 (Figure 4.). The simulations also show that the ST and SWC were the
main drivers of biomass production owing to i) the temporal lack of available water supply
with higher temperatures in 2003 and 2006 and ii) excess moisture in 2008. According to the
model estimates, continuous grazing might decrease the effect of weather extremes because the
grazing controlled vegetation absorbs less water.

3.3. Evaluation of carbon fluxes
Comparison between estimated and actual weekly values of gross primary production (GPP)
and ecosystem respiration (RECO) for the management combinations is given in Figures 5 and
6, respectively. In terms of GPP (Figure 5), PaSim estimates the highest production under
Control condition, with the lowest under the hay cut treatment. These findings are consistent
with the biomass production estimates.
Ecosystem respiration shows the amount of CO2 which respired from the soil to the
atmosphere. Figure 6 shows that the control treatment transmitted the highest amount of C to
the atmosphere from the soil layers in both blind and calibrated simulations. The calibration
slightly reduced the RECO estimates under hay cut and hay cut aftermath treatments. The dry
spells in 2003 and 2006 (Figure 1) associate with elevated amounts of respired CO2 (Figure 6),
consistent with several international results (Lou & Zhou, 2006; Koncz et al., 2015). Thus
warming causes increased RECO, meaning more CO2 is respired from to soil to the
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atmosphere. Based on these model simulation findings, hay cut and hay cut aftermath
treatments are the most preferable management options for carbon sequestration.

3.4. Comparison of biomass production and environmental effects of the applied
treatments
Grassland management practices such as grazing and hay cutting have been shown to affect
biomass dynamics, but in order to better understand these processes, and to comprehensively
evaluate model estimates is necessary to consider all the available previous botanical analyses
for study area as well.

3.4.1. Effects of hay cut aftermath grazing management
Based on the PaSim calibrated simulations, mean annual yields are within a range of 551663 g C m-2 during the simulated period, where the multiyear average of yield biomass is
~418 g C m-2 and animal intake is ~ 189 g C m-2 (Figure 4).
This management option shows the second lowest amount of respired CO2 to the
atmosphere, after hay cut treatment (Figure 6).
The annual amount of nitrate leaching was ~0 (0.0003 - 0.0016 kg N ha-1) (Figure 7)
which may be associated with grazing animal metabolism.
Considering treatment effects on botanical composition reported in findings from work
undertaken between 2003 and 2005 (Defra 2006) and which corroborate earlier findings
(Defra 2000), only hay cut aftermath treatment showed increases in botanical diversity by
natural recolonization. This finding was confirmed by R. García (2013) in 2013, when the
number of flower species and the percentage of forbs were higher in the areas of hay cut and
hay cut aftermath grazing plots. In addition, García (2013) indicated that the global
abundance of the foliage arthropod fauna was also the highest in this treatment. Moreover,
García (2013) revealed group-specific responses to the treatments, as taxa were affected
differently by the conventional management (hay cut aftermath).

3.4.2. Effects of hay cut management
Mean annual yield biomass of calibrated simulations varied within a range of 477-582 g C m2

(Figure 4). This treatment showed the lowest multi-annual mean yield biomass production

(526 g C m-2). The annual range of RECO is also the lowest in this management (Figure 6).
Yearly nitrate leaching is the lowest under hay cut management, around zero, varying
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between 0.0001 and 0.0003 kg N ha-1 (Figure 7). The only hay cut treatment presented very
poor results in terms of increasing botanical diversity (Defra 2006).

3.4.3. Effects of grazing management
As intensive sheep grazing management has been applied with 1.99 LSU ha-1 stocking rate,
the animal intake is within a range of 591-648 g C m-2 and the multi-year average is around
623 g C m-2 (Figure 4). This treatment showed the second highest GPP and RECO values
(Figures 5 and 6, respectively) after control management. The multi-year average nitrate
leaching is around 0.0012 kg N ha-1 (Figure 7). Botanical analyses generally showed that the
solely grazing treatment had been generally slow to reduce the cover of competitive species
(Defra 2006). The Defra (2006) study also pronounced the grazing only treatment was only
moderately successful at increasing levels of botanical diversity.

3.4.3. Effects of control (grazing plus added fertilizer) management
Biomass production reached the highest value owing to the added fertilizer. Annual animal
intake in the calibrated simulation varied between 668 and 791 g C m-2, where the multi-year
average was 730 g C m-2 (Figure 4). The elevated amount of biomass was also associated
with increased GPP (1880 g C m-2 on multi-year average; Figure 5).
According to the model simulations this intensive treatment shows the highest CO2
emission from the soil to the atmosphere (Figure 6) and also very high levels of nitrate
leaching (~59 kg N ha-1 per year) (Figure 7). Considering the 60 kg N ha-1 N-fertilizer
applied (Table 2), these results indicate that about 98% of the applied fertilizer would not be
available for plants in the 0-30 cm soil layer. Figure 8 presents the weekly distribution of
nitrate leaching, showing how intensity increases after a rainfall event (Figure 1). For
instance, ~54% of the applied N fertilizer was simulated to have leached two months after
the fertilization date in 2007 (Figure 8, Table 5). Table 5 demonstrates the high inter-annual
variability of nitrate leaching between the fertilization date and grazing period. The speed of
N leaching corresponds with annual precipitation, e.g. low rates in 2003 and 2006, but very
intensive N infiltration in 2004 and 2008 (Table 5). For instance, model simulation shows
around 84% of the nitrate would leach within four months after the fertilization event during
a rainy year such as 2008 (Figure 8; Table 5). Considering the inter-annual mean of
simulated nitrate leaching, around 66% of the applied N fertilizer leached during the grazing
period (between middle of May and second half of October), whilst ~34% of the fertilizer
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leached during the non-grazing period. This high intensity of leaching during and after the
grazing period raises questions about the fertilizer type and application. Another type of
fertilizer would control the rate of N release, stay longer in the rooting zone, and provide
elongated availability of nutrients reducing run-off and increasing N availability to the
sward. Secondly, it may be more effective to apply less fertilizer but more frequently. It is
commonly known that applied ammonium nitrate tends to leach in acid circumstances, such
as at PW where the observed pH is ~5.3. Nitrate leaching has a secondary negative effect on
soil fertility, because these anions (NO3-) enter into chemical bounds with essential cations
(e.g. Ca2+, K+), and accelerate their leaching. There are alternative N fertilizer options under
acid conditions, e.g. coated fertilizers.
An ADAS study (Defra 2006) stated that any enhancement of nitrogen availability in
early season is likely to favor early season growth by more competitive plant species and
thus compromise survival of slower growing semi-natural grassland species. García (2013)
presented higher proliferation of grasses in control and grazing only treatments and the
lowest number of flowers and percentage of forbs.

4. CONCLUSIONS
As the soils of the Welsh uplands are often shallow and sensitive, it is essential to gain more
information about below ground processes, in order to protect the soil and to increase the
fertility and productivity of the land. In this context, grassland ecosystem models are important
tools for extrapolating local observations and testing hypotheses on grassland ecosystem
functioning.
The present study showed that simulated soil temperature and soil water content are the
major drivers of different soil processes, and that grazing and mowing management practices
did not influence their seasonal variability. However, the different management practices were
shown to have important effects on the carbon and nitrogen balance of these grassland
ecosystems, according to the model results.
The highest biomass productivity was simulated under grazing treatment with added
fertilizer (control). Grazing only provided 15%, hay cut 28% and hay cut aftermath grazing
treatment 17% less biomass production than the control management.
Considering simulated carbon fluxes, the hay cut aftermath grazing treatment
sequestrates the highest ratio of carbon in the soil, whilst grazing with added fertilizer
(control) presented the highest ratio of respired CO2 to the atmosphere from the soil profile.
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In terms of simulated nitrate leaching, around 98% of the total applied annual N
fertilizer was leached, of which ~66% was lost during the grazing period and ~34%
afterwards (multi-year average of the 2002 and 2010 period). Thus, according to the model
simulations, only ~2% of the expended N fertilizer contributes to increasing grassland
biomass productivity. Model simulations show a high intensity of nitrate run off after rainfall
events. As nitrate run-off presents a serious environmental problem for the water supply
system, as well as decreasing fertility, these results suggest that attention must be paid to
avoiding additional environmental impacts by (for example) altering management to:
optimize fertilization date(s) and dosage (applying fertilizer over several visits rather than in
one dose; careful checking of expected weather conditions before application etc.), ensuring
that the applied N fertilizer type is optimal for the conditions (pH value) or exploring
strategies to improve soil structure (such as mixed species swards, tree planting etc.).
The pasture simulation study presented establishes that a summer hay cut followed by
aftermath grazing is the most preferable treatment considering biomass productivity, carbon
fluxes and nitrate leaching. This finding is consolidated by previous ecological studies on
grass biodiversity and arthropod fauna. However, further research is needed to explore the
potential for optimizing hay cut aftermath grazing management in the uplands, including
the effect of altering the timing of hay cut(s), fertilizer application(s) and grazing period(s),
and establishing optimal stocking density to avoid overgrazing.
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Table 1. Climatic circumstances and the major vegetation constituents recorded in quadrats of
the studied site at Pwllpeiran (PW).
Average
Average annual Mean summer
Maximum
annual
Climate
temperature
temperature
temperature
precipitation
(°C)
(°C)
(°C)
(mm)
Oceanic

8.6

~13.0

Floristic province

~26.0

1770

Species in the plant community
Lolium perenne, Agrostis capillaris, Trifolium
repens, Ranunculus repens, Festuca ovina,
Holcus lanatus, Cirsium arvense,

Calcifugous grasslands and

Anthoxanthum odoratum, Cynosurus

montane communities

cristatus, Leontodon autumnalis, Dactylis
glomerata, Ranunculus acris, Rumex acetosa,
Taraxacum officinale agg.

Table 2. Summary of applied management as model input at Pwllpeiran – Brignant plots.
(DOY = day of year)
Hay cut
Treatment

event
(DOY)

Grazing
period
(DOYDOY)

N
Fertilizer
(kg N/ha)

Fertilization
event

Stocking rate

(DOY)

(LSU/ha)

Grazing

-

135-298

-

-

Hay cut

227

-

-

-

196

233-288

-

-

135-298

60

Hay cut
aftermath
Control

15

-

155

1.99
1.99
1.99

Table 3. Average annual precipitation at Cwmystwyth between 2002 and 2010 and at Pwllpeiran- Brignant site in 2015.
Year

2002

2003

2004

2005

2006

2007

2008

2009

2010

2015

2063

1431.6

2080.8

1716

1790

1791.7

2233.8

1803.9

1422.3

1832.8

Annual
precipitation
(mm)

Table 4. Mean annual biomass (yield biomass + animal intake) in g C m-2 under different treatments (see in Table 2) at Cwmystwyth (Wales)
between 1997 and 1999. Source of data Defra 2000. (Converted unit considered the applied high drying temperature.)
Year

Control

Grazing

Hay cut

Hay cut aftermath

1997

810

614.7

362.7

448.2

1998

806.4

582.3

433.8

516.6

1999

739.8

541.8

431.1

357.3
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Table 5. Amount of simulated (PaSim, calibrated) nitrate leaching 4, 8, 12,16 and 20 weeks
after applied N-fertilizer at Pwllpeiran-Brignant site between 2002 and 2010. (DOY = day of
year)
Sum. amount of nitrate leaching (kg N ha-1)
after fertilization date (DOY 155)

Simulated
years

th

th

12th

16th

20th week

week

week

(end of grazing period)

4 week

8 week

2002

0.14

4.17

5.82

15.72

25.85

2003

0.05

0.12

2.29

2.70

9.85

2004

0.01

4.83

18.26

46.51

57.51

2005

0.02

1.07

3.83

11.47

32.94

2006

0.01

0.01

0.01

5.64

24.08

2007

1.57

32.17

40.45

44.17

51.30

2008

0.17

14.97

39.79

50.20

56.86

2009

0.30

15.21

26.06

43.18
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Figure 1. Average daily temperature (°C) (orange line), fluctuation intervals of temperature (shaded area) and precipitation (mm) (blue bars)
conditions at Cwmystwyth (Wales) between 1st of January 2002 and 31st of December 2010.
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Figure 2. Comparison of monthly averaged blind test (above) and calibrated (bellow) soil
temperature (ST) simulated results under different treatments (see in Table 2) at Cwmystwyth
(Wales) between 1st of January 2002 and 31st of December 2010.
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Figure 3. Comparison of monthly averaged blind test (above) and calibrated (bellow) soil
water content (SWC) simulated results under different treatments (see in Table 2) at
Cwmystwyth (Wales) between 1st of January 2002 and 31st of December 2010.
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Figure 4. Comparison of yearly averaged blind test (above) and calibrated (below) biomass
(yield biomass + animal intake) simulated results under different treatments (see in Table 2)
at Cwmystwyth (Wales) between 1st of January 2002 and 31st of December 2010.
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Figure 5. Comparison of yearly averaged blind test (above) and calibrated (below) gross
primary production simulated results under different treatments (see in Table 2) at
Cwmystwyth (Wales) between 1st of January 2002 and 31st of December 2010.
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Figure 6. Comparison of yearly averaged blind test (above) and calibrated (below) ecosystem
respiration (RECO) simulated results under different treatments (see in Table 2) at
Cwmystwyth (Wales) between 1st of January 2002 and 31st of December 2010.
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Figure 7. Comparison of yearly averaged blind test (above) and calibrated (below) nitrate
leaching (N leaching) simulated results under different treatments (see in Table 2) at
Cwmystwyth (Wales) between 1st of January 2002 and 31st of December 2010.
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Figure 8. Comparison of weekly averaged blind test (above) and calibrated (below) nitrate
leaching (N leaching) simulated results under different treatments (see in Table 2) at
Cwmystwyth (Wales) between 1st of January 2002 and 31st of December 2010.
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PHOTOGRAPHIC REPORT
Pwllpeiran-Brignant experimental site and its treatments:
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Picture 1: Overlook of Pwllpeiran Brignant plots in 2016. Photo credit: Renáta Sándor

Picture 2: Control treatment at Pwllpeiran Brignant plots in 2016. Photo credit: Renáta Sándor
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Picture 3: Hay cut treatment at Pwllpeiran Brignant plots in 2016. Photo credit: Renáta Sándor

Picture 4: Grazing(left) and hay cut aftermath grazing (right) treatments at Pwllpeiran Brignant plots in 2016.
Photo credit: Renáta Sándor
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Picture 5: Meteorological station at Pwllpeiran Brignant plots in 2016. Photo credit: Renáta Sándor

Picture 6: Measuring soil water repellency with Water Drop Penetration Time Test within a 1m2 quadrate. Photo
credit: Renáta Sándor
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Picture 7: Measuring field saturated hydraulic conductivity with Mini Dick Infiltrometer within a 1m2 quadrate.
Photo credit: Renáta Sándor

Picture 8: Taking of soil samples for laboratory measurements. Photo credit: Renáta Sándor
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Picture 9: Collecting of meteorological row datasets (left) and maintenance of devices and sensors (right). Photo
credit: Renáta Sándor
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APPENDIX
Figure A: Experimental design of Pwllpeiran Brignant plots (Wales).
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List of opportunities at Pwllpeiran-Brignant site to increase further model applications
Modelling opportunity
Hourly resolution

Needed revision of the meteorological station
The meteorological station has the potential for hourly
precipitation data recording
Soil temperature and soil moisture content sensors are

Effect of lime fertilization

installed at six treatment, but Hay cut without lime
treatment data collection is missing
Soil temperature sensors are out of order at hay cut

Validation of soil
temperature

aftermath grazing with lime treatment (namely: Plot 6 (2),
T107_90m_2, Appendix-Figure A) and grazing with
added lime treatment (namely: Plot 5, T107_90m_1 ,
Appendix-Figure A)

Validation of soil water
content

Soil water content sensor is out of order at hay cut
aftermath grazing with lime treatment (namely: Plot 6 (2),
VW107_90m_2, Appendix-Figure A)
To connect the available ADAS Wales and IBERS

To extend the simulation

meteorological datasets with measured data from the

period of 2002-2010 until

closest meteorological station.

actual date

The gap period is between 1st June 2011 and 10th June
2014.
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CALENDAR OF ACTIVITIES
The following weekly calendars include a summary of the activities developed during the
period funded between 19th of September and 19th of December in 2016 by the Stapledon
Memorial Trust.
No. of week
st

1 week

Period
19-25 Sept

Activity
- General meeting with Dr Mariecia Fraser to
prepare for the collaboration at IBERS
- Visiting the IBERS’ laboratories and available
facilities
- General meeting with the colleagues at Pwllpeiran
(PW afterwards) Upland Research Center to
introduce opportunities provided with modelling
tools
- Paperwork at the IBERS and start working in the
office

2nd week

26 Sept – 02 Oct

- Bibliographical review and preparation for further
experiments
- Field experiments: soil water repellency (SWR)
with Water Drop Penetration Time test and
hydraulic conductivity (Ks) with Mini Disk
Infiltrometer
- Taking soil samples
- To

contribute

ewes

weight

and

condition

measurements which are also relevant model inputs
3rd week

03-09 Oct

- Meeting with Dr Mariecia Fraser to prepare
available field and historical data for the model
- Field experiments: SWR and Ks
- Collecting the available PW meteorological (met
afterwards) files and site description datasets
- General meeting with PW Unit about future
directions
-

Laboratory
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measurements
- Attend to the lecture of Mike Wilkinson at
Penglais
4th week

10-16 Oct

- Laboratory SWC measurements
- Checking of met files, founded met files did not
have enough time resolution for hourly model
simulation run (precipitation data only recorded on
daily scale)
- Data quality checking, preparation of the
equilibrium files for four treatments (Control:
NPK+gazing; Grazing; Hay cut; Hay cut aftermath
grazing)
- General PW Unit meeting
- Obtain the grid based simulated meteorological
data to cover 1980-2010 period for blind test.

5th week

17-23 Oct

- To start data mining processes to find available data
from the surrounding area of PW
- To finalize the field measurements
- To download and check met data from the met
station
- Organize hourly and daily scale PW met dataset
(available from 11th June 2014) as input for PaSim
- Gap filling of missing values and change the units
- Laboratory SWC measurements

6th week

24-30 Oct

- Meeting with Dr Mariecia Fraser to finalize
management (e.g. animal weight, density, stocking
rate applied nitrate and ammonia) and general site
description input files for PaSim model
- Data mining: contact people from ADAS to find
more meteorological data
- Searching historical site and management data to
create reliable initial stage of the model runs
- Finalize laboratory measurements at Aberystwyth
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- Estimating missing site specific parameters such as
the parameters of the van Genuchten-function to
evaluate Ks measurements
7th week

31 Oct – 6 Nov

- Continuing the data mining processes for relevant
reports, datasets and unpublished data sources
- Run the equilibrium model simulations between 1st
of January1980 and 31st December 2002
- Estimating the missing site specific parameters at
six depth of the soil profile
- Estimate missing solar radiation and relative
humidity data
- Running the blind test simulation with grid based
meteorological data

8th week

7-13 Nov

- To merge and re-organize the ADAS’ met files for
the period between 2002 and 2010
- Correcting site description files with the new inputs
- Plotting of the first blind test result with R
statistical program
- To find the source of contradiction in the
management file (e.g. start of grazing period
changed)

9th week

14-20 Nov

- General meeting with PW Unit and Dr. Mariecia
Fraser
- To set up the model simulations with the corrected
management files.
- To establish the list of model output variables
- Estimating missing values using different equations,
methods
- To establish and run the blind test simulations
- Attending to the LINUX course at IBERS

10th week

21 – 27 Nov

- To calibrate PaSim model with my and Daniel
Forster’s measured soil input data and variables
- Attending to the LINUX course at IBERS
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11th week

28 Nov – 04.Dec - To plot the consolidated blind test simulations with
R tools
- To evaluate the first results
- To find inconsistencies with measured data, re-set
calibration and re-run model simulations
- Attending to the LINUX course at IBERS

12th week

05 – 11 Dec

- To create and run the calibrated model simulations
under different treatments
- To plot the calibrated simulations at each treatment
for each investigated variable
- Evaluate the blind and calibrated model simulations
- General meeting with PW Unit and Dr. Mariecia
Fraser to discuss about the obtained results
- Summarize simulated and measured databases
- To establish publication options
- Attending to the R Studio course at IBERS

13th and 14th
week

12-19 Dec

- Sorting the soil samples for further analyses for
creating a second step calibration
- Final meeting with Dr. Mariecia Fraser and the PW
Unit
- Compare the model simulation database with
historical datasets
- To establish work plan for further data analyses
- Finding options to join the collaboration to
European level studies
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