4.2 The Mawddadh hil slope model

Design for the hilldope modelling program

The hill dope modelli ng software wnsists of two programs, the first to set up the
cachment charaderistics and the second to run the simulation (fig.4.15).

setup model
cachment charaderistics

) rainfall
Dr]f?llgd -« sequence
i

A
initiali sation
file

'4

run mode

groundwater
output

riverflow
output

'4

Figure4.15. System flowchart for the Mawddach hillslope model

The setup rogram generates a projed file cmbining the digital elevation data,
drainage pattern, and soil and vegetation maps. The projed file may be reloaded at a

later time and edited, for example to smulate dhangesin vegetation for the cachment.

The projed file is combined with a rainfall sequence derived from the MM5
meteorologicd model to producethe hill ope initialisation file. After running the
program, datais output to the GSTARS padkage for river routing, and MODFLOW
for groundwater modelling if required.
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The initialisation file may be reconstructed using dfferent rainfall sequencesto
smulate aseries of storm events.

Modularisation of the hill lope setup program isillustrated in fig.4.16. The
construction of the initialisation file proceels by a series of stages, shown from left to
right in the diagram.

The model for a sub-cachment is constructed on an Ordnance Survey basemap at
1:25000scde (seeAppendix A).

A digital elevation model provides dtitude data on a 50m grid spadng for the entire
region. Thisdataisloaded into the program, and aredangular areamay be extraded
to cover eat sub-cachment.

The DEM extrad is used to produce a ontour map of the sub-cachment. Contouring
is of value in cheding the alignment of base maps with the digital elevation model,
and to identify any anomolous pointsin the DEM.

The @ntouring algorithm divides ead square of grid points using dagonals
(fig.4.17), and the dtitude & the mid point is obtained asamean. A set of contour
heights are chosen. Positions of contour interseaions on grid square and dagonals
can then be determined, and are linked by the contour lines.

The main applications of the digital elevation data within the hill sope model arein

determining downslope water flow pathways, either through runoff, shallow
subsurfacestormflow, or in open stream chanrels.
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Figure4.17: A demonstration of the mntouring dgorithm for
digital elevation data

It is often the case that depressons or pits occur within the modelled surface and
represent physicaly unredistic interruptions to water flow pathways. Pitstypicdly
appea aong stegp-sided V-shaped valleys as aresult of the regularly spaced survey
points of the 50m grid not always corresponding with the lowest points of the valley
floor. Examples are seen in the uncorreded map of fig.4.18.
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Figure4.18 Pitsin the uncorr eded digital elevation model for Cefn Clawdd,
Trawsfynydd. Surfacedrainage diredions are indicated by bluelines

|/

Figure4.19: Occurr enceof a pit in the digital elevation model, and its
corr edion to restore downsope drainage
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An agorithm within the hill slope program identifies cdls which have drainage
convergence asinfig.4.19. A minimal increase in elevation is provided, so asto
restore uninterrupted downslope flow.

The locaion of surface dannelsis determined by cadculating the number of cdls
draining to ead point of the sub-catchment. An open channel is assumed if this
value exceals a aiticd value. Thisvalue is chosen to generate healstrean patterns as
close & possble to those of the 1:250000rdnance Survey basemap (fig.4.20).
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Figure4.20: Designation of surface stream cdls, Cefn Clawdd sub-catchment

A function is avail able within the hill dope model to determine the upslope
contributing areawhich drains to any stream point, as demonstrated in fig.4.21. This
function is used in determining sub-catchment boundaries, and also as afirst stage in
determining Kirkby wetnessindex.
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Figure 4.21: Example of the determination of upslope @ntributing area for a
grid point (marked in yellow) within the Cefn Clawdd sub-catchment

Kirkby wetnessindex at any point on a hill lope is a function of the dope angle & that
point, and also the upslope @ntributing areadraining to that point. An agorithm
cdculates dope angle and upslope wntributing areafor ead 50m cdl of the sub-
cachment, and combines these values to determine the Kirby wetnessindex for ead
cdl. Thisdatais sibsequently used in the dlocaion of HOST soil classes.

The sequencefor computing wetnessindex isill ustrated by fig.4.22 for the Cefn
Clawdd valley. Slope angleis greaest along the scarp faceof the Rhinog mountains
(coloured red/yellow), with gentler dopes in the floor of the gladal basin (blue).
Upslope @ntributing areas increase towards the basin floor and river system
(coloured yellow/red). The combination of these fadors generates a Kirkby wetness
index plot showing driest conditions (red) along the rocky valley sides, with wetness
increasing towards the centre of the valley (blue). Thisis consistent with the
distribution of natural vegetation from drier moorland on the mountain slopes, to
wetter grasdand, pea bog and mire on the floor of the valley.




Figure4.22: Sequenceof stagesin the alculation of Kirkby wetnessindex.
(upper) dope angle, (middle) upslope mntributing drainage area,
(lower) wetnessindex. For explanation, seetext.
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The Mawddadh integrated model uses the same set of sub-cachments asthe HEC-1
model of chapter 3.1. For eat sub-cachment, geology and land use maps have been
prepared using Mapmaker software, then transferred to the SAGA GIS program in
Arc View shape file format. Maps are then creaed on a 50m grid to correspond with
the cdls of the digital elevation model.

By combining Kirkby wetnessindex with geology and landuse, a grid of
hydrologicdly smilar soil zonesis generated using the Institute of Hydrology HOST
clasgficaion scheme, as outlined in sedion 4.1. The procedure for automated solil
mapping for the example sub-cachment of Allt Lwyd isillustrated by figs 4.23-4.26:

The digitised geologicd map of the Allt Lwyd valley is diownin fig.4.23. The
boundary between Cambrian sediments and Ordovician volcanics crosses the aea
from north to south, with the basal Ordovician beds marked by purple aosshatching.
Ordovician add ignimbrites form the high ground overlooking the Waen y Griafolen
pea blanket bog, marked by yellow square shading. Much of the valley floor is
occupied by glaaad till, with alarge aeaof aluvium marking the probable site of a
gladal lake. The summit of Rhobell y big, to the south, is composed of basalts.
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Figure 4.23: Geological map of the Alltlwyd sub-catchment
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Fig.4.24 shows the digitised vegetation and land use map for the Allt Lwyd valley.
The aeais predominantly rough grasdand, with several large cniferous forestry
plantations.

BB A
2k
A

a Grassland
1 ] Coniferous woodliand

2 Deciduous woodland
Figure 4.24: Land use map of the Alltlwyd
sub-catchment 3 - Clear felled

The Kirkby wetnessindex has been cdculated and is displayed in fig. 4.25. Areas of
predicted high water acaumulation are shown in due or green, with drier areasin
yellow and red. The mapping algorithm predicts wet conditions along the valley
floors and lower hill lopes, with drier summits and interfluves. Linea dry fegures
are often seen alongside streams, refleding the deeply incised nature of streams cut
into gladal deposits to produce steg sided ravines.
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Figure 4.25: Kirkby wetnessindex plot for the Alltlwyd sub-catchment.
Wettest areas siown in blue, damp in green, moderately dry in yellow, dry in red

By combining wetnessindex with geology/landuse, a grid of hydrologicaly similar
soil zones has been generated using the Institute of Hydrology HOST clasgficaion
scheme. Infiltration and run-off parameters can then be assgned from field evidence

The mosaic of soils $own for the Allt Lwyd valley (fig.4.26) is consistent with field
observations:
Class4 deep, dightly porous il is developed on the glaaal till, with Class8
unconsolidated fine porous il on the floodplain deposits. Class5
unconsolidated soil with maaopores occurs on the screes along the valley
side. The hard rocks of the Cambrian successon are cvered by thin soil s of
Class22, which may be gleyed in wetter zones to produce soils of Class24.
Greder infiltration is possble on the jointed and fractured igneous outcrops of
the Ordovician successon, producing soil of Class19. Ped of Class29 occurs
extensively acdossWaen y Griafolen, and inisolated pockets on the wetter

mountain and valley sides.
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After generation of the soil map, typica textures can be dlocaed for topsoil and
subsoil soil zones, along with typicd soil thickness(fig.4.27). These dharaderistics
will be used later in the cdculation of hill dope infiltration and throughflow volumes.

Figure4.27: Look-up tablerelating HOST soil classto soil depth and texture
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In order to set up an initialisation file, it is necessary to determine the sub-cachment
boundary. The program provides functions for including or excluding areas upstream
of spedfied pointsin the river system (fig.4.28).

Figure 4.28. Determination of sub-catchment boundaries. (above) Sub-catchment
upstream of point A. (below) Sub-catchment upstream of point B, excluding the
area upstream of A.
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Creation of an initialisation file

During the stages of setting upthe cachment charaderistics, a projed file may be
saved for subsequent editing and for use in creding model initialisation files. The
projed file mntains links to:

the Ordnance survey base map

the sub-catchment digital elevation model
digitised geology and landuse maps

Kirkby wetnessindex array for the sub-cachment
HOST soil distribution array

drainage pattern and sub-cachment boundary

Before running the hill sope model, arainfall sequence must be suppgied. Sequences
can be prepared from the output files of the MM 5 meteorologicd program.

Figure4.29: Exampletime frame from the storm rainfall sequenceof February 2004
spedfied on a Ikm grid. Rainfall shown in cm/hour.
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A utility program has been written in FORTRAN9O0 to convert MM 5 filesto ASCII
format for input to the hill dope model. Aspeds of FORTRAN programming are
covered by Chapman(2004). Rainfall sequences are generated on a 1km grid scde
(fig.4.29). Grid squares covering the sub-cachment provide data for use in the

hill lope model.

All information needed to run a hill slope smulation is now in place and the model
initidisation file can be aeaed. Data arays are displayed, and may then be compiled
into the initialisation file. This comprises:

dope diredions and angles

soil hydrologicd parameters

sub-catchment boundary definition

rainfall sequence

Figure4.30: Set of data arr ayson a 50m grid created for the sub-catchment, and used
for initialisation of the hillsope model run. Slope angle (degrees) is siown.
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Running the hillslope model

The initiaisation file is loaded and the smulation may be run. The program nmoves
through 15 minute time steps, and may be paused at any time to generate output.

Output options include
maps, showing hydrologicd responses for the sub-cachment: surfacerunoff,
throughflow, infiltration to bedrock.
block diagrams, showing hydrologicd datain athree-dimensional format.
The block diagram may be rotated and zoomed in on areas of interest.
cdl data, showing the hydrologicd state of any particular cdl within the sub-

cachment for the aurrent time interval.

Figure4.31: Output map showing infiltration to groundwater within the Afon Wen sub-
catchment during the February 2004storm event (m*hour per 50m grid square)



An example of cdl output is $rown in fig.4.32, and ill ustrates the operation of the
model:
During ead time interval, rainfall is added to the surfaceof the grid cdl. Soill
water may also enter layers of the cdl through downsope throughflow or
surfacerunoff from one or more aljacent cdls.
Hydrologica conductivity is computed acrding to the level of saturation of
soil layers within the grid cdl. Water is transmitted downwards, and may
infiltrate to groundwater store from the lowest subsoil | ayer.
Lateral flow of soil water iscomputed. Throughflow is partitioned to a
maximum of two downslope cdis.
If soil water is present in excessof the storage caadty of the cdl, the

additional water is released as surfacerunoff to downslope cdls.

Water balanceis cdculated for the cdl, as a chedk on conservation of mass

Output to groundwater storage isrecrded in an array for ead time interval, and may
be used as input to the MODFLOW model.

Volumes of water arriving at ariver channel cedl as surfacerunoff or soil throughflow
isrecorded in an array for ead time interval, and provides an input to river routing
within the sub-cachment. Outflow from the sub-cachment is recorded, and passed to
the GSTARS program for further routing downstream through the whole river system.
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Summary

The hill dope model is composed of two software programs, the first to set up
sub-cachment charaderistics, and the second to cary out the hydrologicd
simulation.

The program uses an Ordnance Survey 1:25000base map and a digital
elevation model on a 50m grid.

Geometricd functions determine the drainage pattern and boundary for the
sub-cachment.

Kirkby wetnessindex is cdculated for eat grid square, based on Slope angle
and upslope mntributing drainage aea

Digital maps of geology and vegetation/land use ae input, and combined with
the Kirkby wetnessindex to generate asoil map based on HOST soil classes.
The host classfication alows hydrologicd parametersto be dlocaed to the
topsoil and subsoil |ayers of ead cdl, and for soil depth and texture to be
estimated.

Rainfall sequences are imported from the MM 5 meteorologica program, and
may be cmbined with sub-cachment surface daraderistics to produce an
initialisation file for the hill lope hydrologicd smulation.

The hill lope model can generate output in the form of maps, block diagrams,
and hydrologicd response data for individual grid cdls.

Weater flow data may be output from the hill sope model to the MODFLOW
groundwater model, and to the GSTARS river routing model.
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