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From Spaceborne Elevation Data
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A calculator for the TOPOGRAPHIC INDEX, as used in the TOPMODEL model
Translated from various C and FORTRAN sources into R and then back into FORTRAN by Toby Marthews, 2012-13.

The topographic index is a parameter that was introduced as part of the fine-scale TOPMODEL
hydrological model (Beven & Kirkby 1979, Beven 1997, 2012), arguably the most widely-used
hydrological model.

Beven KJ & Kirkby MJ (1979). A physically based, variable contributing area model of basin hydrology.
Hydrological Sciences - Bulletin des Sciences Hydrologiques 24:43-69.

Quinn P, Beven K, Chevallier P & Planchon O (1991). The prediction of hillslope flow paths for distributed
hydrological modelling using digital terrain models. Hydrological Processes 5:59-79.

Wolock DM & McCabe GJ (1995). Comparison of single and multiple flow direction algorithms for
computing topographic parameters in TOPMODEL. Water Resources Research 31:1315-1324.

Quinn PF, Beven KJ & Lamb R (1995). The In(a/tanf) index: how to calculate it and how to use it within
the TOPMODEL framework. Hydrological Processes 9:161-182.

Beven K (1997). TOPMODEL: a critique. Hydrological Processes 11:1069-1085.

Ducharne A (2009). Reducing scale dependence in TOPMODEL using a dimensionless topographic index.
Hydrology and Earth System Sciences 13:2399-2412.

Beven K (2012). Rainfall-Runoff Modelling The Primer (2nd ed.). Wiley-Blackwell, Chichester, UK.



A calculator for the TOPOGRAPHIC INDEX, as used in the TOPMODEL model
Translated from various C and FORTRAN sources into R and then back into FORTRAN by Toby Marthews, 2012-13.

The topographic index at any particular spatial point is basically log(area)/slope where
area is the drainage area above that point.

There are various alternative ways of calculating the topographic index:

1.The topmodel R package, written in 2008 by Wouter Buytaert, Imperial College
London (htip://cran.r-project.org/web/packages/topmodel/index.html; programs topidx.c
and topidx.R)

2.GRIDATB version 95.01 (program gridatb.f), originally written in 1983 by Keith Beven
of the Hydrology Group, Lancaster University (revised for distribution 1993-95 by Paul
Quinn and Jim Freer).

3.A simpler algorithm not based on an iterative search which I'll call calcslope.f90.

4.Using GRIDATB but with slopes calculated from steepest descent and using
precalculated contributing areas from HydroSHEDS (Bernhard Lehner).



\ Inflow contour

tan(B) = Average slope across
outflow contour ( )

tan(B’) = Average slope across
non-outflow contour (blue+black)

clout = Weighted average of the n
outflow ( ) lengths multiplied
by n, where the weights are tan(f)
for the slope across each outflow

Ic?g%t}becific catchment area =A/clout
DX = Cell sidelength (the black square

Topographic index

for this cell
= In(a/tan(B))

except if clout=0 (i.e. the cell is a

depression/sink point or on a plain) where:

= In(A/(2*tan(B)))

Following topidx.c

\ \

Contributing area A j
(includes area of the cell)

This is a visual explanation of the topographic index calculation, based on the octégon of
contour lengths shown in Quinn et al. (1991:Fig.1). Note that the default value will be undefined
on any plain so | applied a minimum slope to all cells (from Hydro1k).



\ Inflow contour \ \ \
Following gridatb.f

tan(B) = Average slope across
outflow contour ( )

tan(B’) = Average slope across
non-outflow contour (blue+black)

clout = Weighted average of the n
outflow ( ) lengths multiplied
by n, where the weights are tan(f)
for the slope across each outflow

Ic?g%t}becific catchment area =A/clout
DX = Cell sidelength (the black square].#::::

pe

Topographlc index | Contributing area A

for this cell (includes area of the cell)
= In(a/tan(B))

except if clout=0 (i.e. the cell is a \

depression/sink point or on a plain) where:
= In(A/(2*DX*tan(B’))) I

Note the small difference in the default value for sink cells.



\ Inflow contour

tan(B) = Slope across outflow
contour ( )

clout = The outflow ( ) length

a = Specific catchment area =A/clout

DX = Cell sidelength (the black square

P

Topographic index

for this cell
= In(a/tan(B))

except if clout=0 (i.e. the cell is a
depression/sink point or on a plain) where:
= [undefined]

Following calcslope.f90

\ \

Contributing area A
(includes area of the cell)

l

This program used a single flow direction algorithm to calculate slopes (only one orange contour
and one blue contour for each cell) and no default values for sink points.



\ Inflow contour \ \ \
Following Option #4

All as for GRIDATB inc. default
values

llllllll

4

Topographlc index Contributing area A i
for this cell (includes area of the cell)
=In(a/tan(B)) l f

Single inflow and outflow, but contributing areas A are validated by HydroSHEDS to correspond
more closely with more sophisticated routing models.



column no.

The resolution issue
(Wolock & McCabe
1995, Ducharne 2009).

GRIDATB and topidx.c
follow iterative
searches, which are
computationally
demanding.
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New Cluster for Oxford Supercomputing Centre

The Oudord Supercomputing Centre (OSC) is pleased to announce the availability of
it's new cluster, “SAL". SAL is an SGI ICE cluster of the same type as the older
O5C cluster HAL', but using the new Intel “Nehalem”™ generation of processors.

The system arrived on the 22nd of February and was running test jobs within a few
days. SAL can be used in exactly the same way as the HAL system so there is
generally no need to rebuild code which has previously been compiled on HAL. The
two systems have the following specifications:

Component HAL SAL
2 8GHz Quad Core 2.53GHz Quad Core
Processors
Harpertown Mehalem
Memaory per core 2GB 3GB
Cores per node 8 8
Mumber of compute £12 640
cores

Scratch space 12TB 12TB



Here’s what you get from topidx.c:
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Here’s what you get from gridatb.f:
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Here’s what you get from calcslope.f90:

column

Contributing inflow area (ha) (calc. not by topidx.c)
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Here’s what you get from Option #4:

column

Contributing inflow area (ha) (calc. not by topidx.c)
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HydroSHEDS
DEM and
contributing
areas
converted to

NetCDF

Topographic
index
calculator

(available in R
or FORTRAN)

NetCDF
output file of
topographic
index values
on same grid
as input (also
in line with CF
and WATCH
conventions)
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Proposed Research

The aim of this research is to quantify the feedbacks between tropical African wetlands
and climate. We will do this by implementing a dynamic wetland inundation scheme in an
Earth system model, and test this model against soil moisture, cloud cover and methane
(CH4} concentration data obtained through remote Earth observation. Our research will

address the following key guestions: How does the presence of tropical wetlands affect
rainfall at the regional scale? Are wetland emissions of CH, strongly dependent on

seasonal and inter-annual hydrological variability? How will wetland seasonality and

Research

associated emissions of CH . alter under environmental and climate change scenarios?

Project Details
Duration: 2011-2014

Funded by: NERC
Principal Investigator:
Dr Simon Dadson

Post-doctoral
Research Associate:
Or Toby Marthews

Marthews TR, Dadson SJ & Lehner BL (in prep.). Using the topographic index to characterise overland
and soil water flow in African wetlands.



Marthews et al. (submitted). Hydraulic parameter maps of surface soils in tropical South America
derived from locally-validated pedotransfer functions. Water Resources Research.

A quick advert for a paper I've submitted
where I'm trying to revise some modelling
issues to do with the soil hydraulics
models (van Genuchten, etc.).
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