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Abstract

Second Serien 1;25,000 scale maps are generally
found to show more Streams than their First
Series counterparts. A brief account of the
history of this map series is given, and a
single conversion factor for Second Series
junction counts is recommended that is
applicable to maps <f all regions.
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1 INTRODUCTION

Stream frequency (STMFRQ) is an index that attempts to quantify the density of
natural drainage in a catchment, and is derived by counting the number of stream
junctions within a catchment and diwviding by the catchment area in square kilocmetres.

The use of STMFRQ in the Flood Studies Report (NERC, 1975) was prompted by the

feeling that catchments having higher STMFRQ values would have larger floods, and

this is borne out by the success of the STMFRQ variable in flood prediction equations.
An example of these is the national equation for the estimation of the Mean Annual

Flood (MaF) from catchment characteristics:

n QA n_27 (AT N L .M AN
MAF = 0.040/ AREA STMFRY SLLOBD S01L RS5MD (1 + LAKE) (1)

For further information on the other catchment characteristics see the Flood Studies
Report or IH Report No 49 (Sutcliffe, 1978).

STMFRQ is also of use when estimating the Base Flow Index (BFI) of carboniferous

limestone catchments (Low Flow Studies, 1980). The following equation can be used
to estimate BFI for such catchments {Gustard, personal communication)

vBFI = 0.80 - 0.15 /STMFRQ (2)

'S'I'MFRQ values used in the Flood Studies Report and the Low Flow Studies are based

mainly on measurements taken from the First (Provisional) edition of the 1:25,000
topographic map series. In Ireland STMFRQ values were derived from one inch maps
and coaverted to o 1:25,000 evalvalant {sce Srrevak and Cochirane, 1928 . These
First Series maps are under active revision by the Ordnance Survey (0S) and the new
Second Series maps have been found generally to show more streams than the corres-—
ponding First Series maps. The background to 1:25,000 scale mapping, the procedure
for comparison of the two map editions and recommendations for adjusting Second

Series junction counts are given in the followlng sections.

2 HISTORY OF THE 1:25,000 MAP SERIES

The First Series 1:25,000 scale 0S maps are based on the nineteenth century

1l: 10,560 scale County Series (revised in places according to more recent data).
This Series is in turn based on various large scale surveys, typlcally at 1:2,500
in rural areas, but 1:10,560 in mountain and moorland areas. About 60% of the
Seconnd Series 1:25,000 (¢S maps are based on 1:12,500 and 1:2,500 mapping in urban
and rural areas, much of which is derived from post-war surveys, but some of which
is based on revisions of the old 1:2,500 series. The remaining 40% of the Second
Series has been surveyed by aerial photography at a base scale of 1:1C,000.

The Ordnance Survey now lays down stringent specifications for the mapping of streams
at various scales and for the reduction of blue line information from one scale to

another. While these specificati{bns apply to the recently surveyed components of the
Second Series, those controlling the mapping of the nineteenth century County Series

are unknown.



Thus t© summarise, there are three main y»oints to note vhen comparing the First and
second Sexies:

Blue line information of those Sec<c>md Series maps produced by revision of

(1)
County Series maps should compare wwell with corresponding First Series maps,
but unfortunately it is not possib X . to identify that subset of maps.

(2) The Second Series maps baged on po=st-var larga scale Burveys are likely to

represent rivers in a more consiste-mt namer than First Series equivalents.

The stream network on Second Serie=s maps derived from aerial photography may
d4 £fer to a greater or iesser extexxt from the corresponding County Series (and
8o the First Serles) and from the «<o>-+ther Second Series maps, but again it is

not practical to identify this subs=set of maps.

(3)

9 COMD>ARISON OF FIRST AND SECOND SERIES HAPS

3,1 Method

160 mapss from the Second Series were ava i lable for comparison with First Series maps
and thed r distribution in Britain is showex in Figure 1. Stream Junctions were

i

=]
B
=
B
r fovpad
I ,—ﬁ \\
a 2 10URE 1
=3 o —
(=]
[ e |
%E Ehtributiqn of 1:25,000 map peirs.
o A gtar indloates use tn the regional
] o e=ompariaon.
J Ll

ey

s

.VE.,‘...._._
——

[
Yo i

pam .
Caall o

fo
= ecowmy

.t

2
i
)
s

f‘
i

|

1

1

|

1

L2

counted con each map in a 20 cm x 20 cm square (equivaient to 25 km? on f.he ground)

positioned wherever possible in the north-west cornmer of each pair of maps. The FSR
definitions of natural streams was used, i.e. artificial channels and canals were

ignored, underground channels or those obscured by urban detail were sketched in and
tributaries to lakes and reservoirs were treated as having one junction each with the

notional main channel. :

3.2 A national compgriac;n

' The data extracted in the manner detailed above are listed in Appendix 1 and Figure

2 shows a scatter diagram of First Series against Second Series junction counts.
The figure shows that junction counts on the Second Series are generally higher than

. those on First Series maps and there is considerable scatter in the relationship when

the number of counts is high.
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Scattor diagram showing relation between sampled First and Second Series
junction counts

FIGURE 2

A tendency for more stream junctions to appear on the more recent Series means that
MAF estimates would be biased when based on Second Seriees maps. Hence a correction
factor is necessary but it is not immediately clear whether a single national
correction factor or local, map-specific or perhaps regional correction factors

i would be preferable. A national factor has the merit of being simple to derive



‘ The difference in the two regressior. Iines :

" based on non~+ransformed data, bu
junction counts of areas comparable to that used in calibrating the equations

and apply bui: 4t rigks obscuring significant detail, while regional or local
factors can imntroduce boundary anomal 1es.

"A simple linear regression of First Series Count (S1) on becond Series Count (S2)

 gives
| Si = ©0.098 .+ 0.757s2 '. 2 . 0.79: se = 10.41 (3)
while a régression of 52 on S1 gives |
82 = 5.92 4+ 1.04951 r' = Q.79; 8e = 12.25 (4)

suggests there are substantial errors in
the estimationr of both S1 and S2, which have the effect of underestimating the true
slope of the regression line. In . this sitvation it is arz:ropriate to fit a Struc~
tural Relaticon (Kendall and Stuart) to the data, whacn in this Case 18 a regression
line derived by ninimising the orthogonal sum of squares rather than the sum of

squares in thie x- or y-direction. The pattern of residuals of the simple least-

squares regression further suggests that a transformation of the data may be appro-

priatc.

The pPerformance of regressions on natural and on log-trarsformed data are compared
in Table 1 for five cases of differing restrictions on the data set.

REGRESSIONS ON NATURAL AND TTRANSFORMED DATA

TABLE 1
Farameters o the stroctoral rolations
Restrictions Natural data Log transformed data
Sl=a + bSZ sl = as2b
a b r2 a b r2
1 None -2.12 .83 0.79 1.02 0.91 0.86
Two outliers
excluded 0.05 0O.74 0.80 1.06 0.90 0.86
3 24 points e3xcluded
for which S1 < § -2.57 0.84 0.77 1.05 0.91 0.78
4 Rest;icticnns
2 + 3 0.35 0.73 0.77 1.16 0.88 0.77
5 None, forced
through origin (0) 0.74 (1) 0.92

The régressions based on log-transformed data explain more variance than those
t such equations should strictly be applied to

(25 km), It 4is noted that

(1) Summing Zjunction counts over larger areas and then converting to a First
Series walue via an exponential equation will lead to an underestimation of
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Second Series counts ({(a+h)X<a¥X4p¥).

(2) If "Second Series areas" are partitioned into units of 25 km? and an expo-
nential transform applied to each, the result tends towards that obtained by
applying a relationship based on natural data to the total junction count.

(3) The intercept of thg equation based on natural data and excluding two
cutliers is close to zero, so for practical purposes it is appropriate to
use the slope-only structural relation

S1 = 0.74 s2 (5)

3.3 A regional comparison
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gate regional effects. Thece maps are indicated by an asterisk in Figure 1. The

five areas were selected to be locally homogeneous and to span a range of catch-
ments consistent with the maps available.

A regression of Sl on S2 allowing a difierent slope for each region gives

S1 = 2.74 + cS2 H s.e. = 6.68 (6)

where ¢ takes the following values

Region

Deavon
Hampechire
SuuLh Walt:.’:‘.
North Wales
Pennines
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The decrease in the sum of squares obtained by the fitting of this more complex
model is not significant, suggesting local correction factors would not yield more
accurate STMFRQ values. This means that the large local variation in the rela-
tionship between S1 and S2 overwhelms any regional variation. While more Second
Series maps would help to improve the confidence of these results, it is likely that
when the series is complete the MAF eguations will be recalibrated using Second.

Series STMFRQ values.

3.4 The effect of altitude

It was felt that the policy of the 0S to use aerial surveys to supplement or replace
ground surveys in more re':.>te areas might be reflected in the mapping of streams.

It is not known which parts of which maps have been aerially surveyed but it is
reasonakle to assume that aerial surveys predominate in more mountainous or remote
areas. Hence an ~ve-estimate was made from a 1:625,000 topographic map of the
average altitude in the relevant 5 km square as an index of the likelihood of an
aerial survey having been used in the construction of the map. These estimates

varied from 80 to 1000 feet with a mean of 340 feet.

When tested in a regression equation it was found that the inclusion of an altitude
term did not improve the estimation of First Serles junction counts from Second
Series junction counts in either the national or the regional comparison. In both
cases the inclusion of an altitude term actually increased the mean residual sum of
squares of the model indicating that the altitude teim contained no addit:.onal

information whatsoever.
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As a Croag check the number of juction counts in areas lying exclusively above 100D
foat Was noted for five areas for which First and second Series maps were available,
and an egtimated First Series Count was made frcm equation (5).

The :esultg are shown in Table 2. In four of the five cages +I -~ agreement is good.
An inosection of the First Series version of the fifth map (SH77) shows a very large
nunber of streams mapped in a fairly small area suggesting an aberration of surveying
in the original survey. Hence it is concluded that equation (5) is acceptable even

at high altitude.

JUNCTION COUNTS FOR AREAS LYING ABOVE 1000 ft MEASURED ON FIRST AND

TABLE 2 5
SELO- ~“?E?-“E:" r: S& Qartor walue cpleomMlzotsd unizs ogusntion (B) o okown
for conparigob.

Map secondaG Series First serles Cotimated Fixst Sexies

So10 104 76 72

Sono 73 53 . 52

SH77 60 124 43

NTO1 259 217 166

NT12 417 250 257

——— SR

4 (ONCLUSIONS

# )

There a¥e gigni Ficantly more stream junctions on Second Series 1:25,000 OS maps
than on those of the First Series. Regional variations in mapping practice are not

large enough to justify regional correction factors. Hence the recommended
equation for ad-justing a count of stream Junctions on & Second Series map to a

Pirgt Series value ic

0.74 second Serieg No. Junctions

First Series No. Junctiom =

S AN EXAMPLE OF THE CALCULATION OF STMFRQ

The revised reéo'mmendationa for the calculation of STMFRQ are as follows:

(1) Obtaip 1:25,000 map(s) of the catchment. Larger catchments will usually
straddle inoxe than One map. When both First and Second Series maps can be

obtained, 4 ¢ is preferable to use the First Series.
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(2) Count the stream junctions within the catchment in accordance with the rules
of the Flood Studies Report. Keep a separate note of the total number
appearing on Second Series map(s).

(3) Scale the total obtained from Second Series map(s) by multiplying by 0.74
and add it to the total from First Series maps.

(4) Divide by the catchment area.

For example, suppcse that the catchment of the Megget at Henderland (in south-east
Scotland) is covered by two First Series maps (NT1l and NT12) and one Second
Series map (NT22). The calculation of STMFRQ is as follows:

Number of Junctions within the catchment on NT11l = 35
Number of Junctions within the catchment on NT12 = 113
Total number of junctions cn First Series maps = 148
Nunber of junctions within the catchment on NT22 = 69
Total number of junctions on Second Series maps = 69
AcCjusted Second Series total (0.74 x 69) = 51

C- +chment area = 56.7 km?

148 + 51
STMFRQ = — = 3.51
56.7
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APPEHNDIX 1

DATA USED AN MAP STUDY
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