Determining Flow Lengthsor Travel Distancesin GIS

Definition (Hydrologic): The flow length is the distance from any point in the watershed
to the watershed outlet. This distance is measured aong the direction of flow, not
“asthe crow flies’.

Definition (GIS): In GIS, the flow length of an arbitrary pixd is determined by summing
the incremental distances from center-to-center of each pixd aong the flow path
from the selected pixd to the outlet pixel. The flow length assigned to the outlet
pixd is zero.

Why areflow lengthsimportant?

When it rains, adrop of water landing somewhere in the basn must firgt travel some
distance before reaching the outlet. Assuming congtant flow velocities (an assumption
we will relax later) the pixel with the grestest flow length to the outlet represents the
hydrologicaly most remote pixel. Itsflow length divided by the flow ve ocity represents
arepresentative lag time for the basin. The lag time quantifies how long before the entire
basin is contributing to flow at the outlet and is a representative scae of the basin.

How do | usethe Gl Sto determine flow lengths?

The ArcView syntax for cdculating flow lengthsis
aGid. Fl owLength (weightGid, upStream
the ArcView help provides the following information about this statement:

Calculates the accumulated flow length to each cell. aGrid isa Grid of flow
direction usually created with the aGrid.FlowDirection request.

weightGrid can be a Grid or Nil, that defines the impedance to move through
each cell. If weightGrid is set to Nil, then all cellswill have an equal impedance.

If upStream is TRUE, then flow length is calculated from each cell to the top of
the drainage divide. If upStreamis FALSE, then flow length is calculated for each
cell to asink or outlet.

Aswith watershed ddlinegtion, thisisagain alot to swalow. Try to read the help file
gyntax and make sense of the explanation. Thisisthe only way that you will be able to
learn more oncethis classisonly. The help files, once you get used to reading them are
actudly extremdy informative and ussful.

Asapractica matter, let usfirst use the above command to find flow lengths asthey are

defined above in the GIS definition. We might use the following syntax to completely
andyze aflow direction grid and generate agrid of flow lengths.
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Overhead Operations - Getting the View and Gids...
t heVi ew = av. Fi ndDoc(" Vi ewl")
t heshed = theVi ew. Fi ndThenme("A Watershed"). GetGrid
flowdir = theView FindTheme("Flow Direction").CGetGid

' Calculate the flow lengths within the grid in the
' downstream direction (stored in “downgrid”)

downgrid = flowdir.Flowiength (N L, FALSE)

Mask out only the flow |l engths within the watershed

downgrid = downgrid * theshed/theshed

Get flow length statistics. The first itemin the
" length_stat list is the m ninmum di stance, corresponding
' to the distance at the watershed outlet. W want to
" subtract off this distance.
l ength_stat = downgrid. GetStatistics
length_at outlet = length_stat. Get(0)
downgrid = downgrid - length_at outlet.AsGid

" Finally, we want to make and add the new Fl ow Length
" theme to the view.

t heGTheme = Grhene. Make(downgri d)
t heGThemne. Set Name(" Fl ow Lengt hs")
t heVi ew. AddThene(t heGThene)

There are three ways thet we might choose to look at travel timeswithin the GIS
environment:
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1. Asiso-digance (contour) lineswithin the view.
2. Asafrequency digtribution.
3. Asthelonges flow path within the watershed.

Item 1 isdirectly the output of the above script. The output grid theme cdled “FHow
Lengths’ will be avisua representation of the watershed shaded accordingly. By
adjugting the legend, we can precisely control the contours we wish to observe. A sample
is shown below:
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Item 2 is quickly done by clicking on the histogram tool ll_ with the flow direction
theme being the active theme. A sample higogram is shown below. Those of
you who have previoudy taken surface water hydrology will recognize the smilarities
between the frequency distribution idea and the concept of aunit hydrograph. The
frequency digtribution for the flow lengths shown in the above watershed is given below:

pgram o 0 eng - O =
Histogram of Flow Lengths:»alue

1600 1 O - 1916 451

1400 + 0 1916.451 - 3832.903
1200 + [0 3832203 - 5749.354
1000 + [ 5749.354 - 7665.606
800 T+ B 7555.50F - 9582257
BO0 4 B 9552257 - 11498.708
400 4 B 11493.708 - 1341516
500 + M 13415.16 - 15331.611

E| 4




Item 3 requires some crestivity to determine. Y ou will notice that the script provided
earlier usesthe option “FALSE” for the “upStream” parameter. This meansthat flow
lengths are caculated relative to the outlet (e.g. the flow length to the outlet pixel from
the outlet pixel iszero). This puts the maximum flow lengths towards the extreme edges
of the watershed, caled the watershed divide. We can cresate a second grid using the
opposite direction:

upgrid
upgrid

flowdir.FlowLength (NI L, TRUE)
upgrid * theshed/theshed

This grid will have many zero vaues dl dong the basn divides. A maximum vaue of
flow length will occur at the basin outlet. This maximum vaue will be exactly the same
as the maximum vaue held somewhere in the previous “downgrid” of flow lengths.
Adding together the upgrid and downgrid will produce a grid of augmented flow lengths
where each pixel contains the sum of the distance from itsdlf to the outlet and to the basin
divide. Therewill be many pixeswhich share the same maximum vaue as found in both
the “upgrid” and “downgrid’. These pixelslie dong the longest flow path in the basin.

augnent edgri d

max| engt h
t ol erance
| ong_path

upgrid + downgrid

| ength_stat = augnentedgrid. GetStatistics
| ength_stat. Get (1)

0.1~
augnment edgrid > (maxlength -

resol ution

tol erance). AsGid

The figure below shows the output grid from the above code, the longest flow path within

the basin.
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