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Abstract       Accurate assessment on the morphometry of a torrential 
watershed is essential for estimating the concentration period and, eventually, 
the peak floods in a watershed. Because, in many situations, where 
appropriate digital models lack, the measurements are to be done on regular 
maps with contour lines the study was focused on finding out the effect 
brought about by the map scale on the magnitude of morphometric 
parameters.  
The measurements were carried out on the same watershed represented 
onto three different maps with contour lines corresponding to the three 
standard scales 1:5000, 1:25000 and 1:50000. Within the small Branistea 
watershed, stretching over 2175 hectares, as many as 12 sub-basins have 
been identified and all paramters were estimated for each sub-basin, in order 
to derive a meaningful set of data, taking into account sub-basins larger than 
25 hectares. After digitization and data processing for the whole basin and 
each sub-basin three different sets of morphometric parameters were 
produced and the expitistical analyses carried out have proved that, for some 
morphometric features, some correnctions are to be applied to a set of 
morphometric paramenters, when measurements are to be done on small-
scale maps, like 1:25000 and 1:50000, for sections not covered by 1:5000 
maps.   
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Whenever protection dams are designed in a 

torrential watersheds, the highest possible solid flows 

and waterflows are to estimated by indirect methods, 

based on a couple of morphometric and geo-

morphoogical parameters. These common parameters 

are as follows: the total chatchent area, average 

declivity across the whole catchment area, averge 

decilify of the main waterbed, decivities of the slopes, 

the length of the main waterbed, length of the total 

hydrological network. Currently all these paramters are 

measured on the maps provided that these maps have 

enough contour lines, and the scale is appropriate for 

precise measurements: 1:5000 or 1:25000 at the most. 

Other sources of information would be digital elevation 

models (DEMs) available in diffent forms (ASTER-

GDEM, SRTM-30) but, unfortunately for Romania, for 

small watersheds DEMs with an adequate resolution 

are quite rare and the main source of data remain the 

traditional maps, even though the scale is 1:50000, 

which is inappropriate for estimating morphometric 

parameters or producing adequate DEMs (Hutchinson 

and Gallant 1999). Such maps are attainable and, in 

spite of some distortions, may precisely render the 

surface structure if appropriate interpolation techniques 

are being used.  

Having known that topographic details are 

less and less visible when the catchment area is smaller 

(Hengl and Reuter 2009) a challenging problem is to 

evaluate the degree to which lower scale maps, like 

1:25000 or 1:50000, may alter the morphometric 

features of the smaller catchment areas that can be 

found in mountaineous areas. Eventually, these 

topographic details depend on the density of contour 

lines (Gallant and Hutchinson 1997) and 1:5000 is the 

benchmark scale according to Romanian standards, 

although plans at this scale may lack in some remote 

regions. Therefore we have initiated a particular 

analysis on this issue, somehow resuming a previous 

attempt carried out by Usul and Passaogullari (2004) 

who estimated the morphometric parameters for three 

watershed, using GIS DEMs at different scales and 

came to the conclusion that watershed parameters are 

influenced by the DEM resolution.  

Considering that maps at 1:5000 scale 

provide the most accurate and valuable details, even 

better that those provided by existing DEMs, the study 

has tried to evaluate the accuracy of the morphometric 

parameters of the same watershed, estimated on two 

lower scale alternative maps, at 1:25000 and 1:50000 

respectively.  
 

Materials and Methods 

 
The pilot area were the three maps were 

tested to appraise the accuracy of the morphometric 

parameters was the Branistea watershed, which is a 



 214 

right hand tributary of Suha Bucovineana river (Fig. 1). 

The morphometric parameters were estimated for all 12 

sub-basins identified in the watershed. Only sub-basins 

larger than 25 hectares were considered for further 

analyses.

  

 

 

 
 

Fig. 1. Location of pilot Study area 

 

 

As shown in Figure 1, the watershed is 

located in the Northern part of Stanisoara Mountains, 

on the Eastern branch of Carpathians, and has a high 

potential to produce flashfloods, confirmed by the 

numerous works already in place, meant to control the 

torrents.  It is worthwhile to remaind the torrential 

characteristic of the watershed is given by the 

magnitude of the water flow, on the one hand, and the 

sediment discharges (Gașpar 1967, Clinciu 2008, Niță 

et al. 2011), on the other hand, both parameters being 

indirectly appraised by different formulas, like the 

rational formula for the highest flow and the Gaspar-

Apostol method used to assess the sediment discharge; 

both methods are based on the morphometric features 

of the watershed.  

In order to get homogeneous and fully 

compatible data the maps have been scanned and geo-

referenced in Stereo 1970 system, and then digitized 

with ArcGIS, storing the same attributes for each layer, 

as shown in table 1. Indeed the following attributes 

have been recorded for each of the three scales: contour 

lines, peaks, hydrological network and cut-waters. 

Further, the morphometric parameters have been 

produced by inquiring the four layers, one set for each 

scale, as it is shown in Figure 2. 

 

Tabel 1  

Digital database 

Layer name Vector Type Format Attribute name 

Contour Polyline Shape/Coverage Elevation  with equidistance: 2,5 m (1/5K); 10m (1/25k); 20 

m(1/50k) 

Point elevation Point Shape/Coverage Elevation 

Stream Polyline Shape/Coverage Name, Length, Stream order (Strahler) 

Watershed divide Polygon Shape/Coverage ID, Area, Perimeter 
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Fig. 2. Technical flowchart 

 

Then three different sets of data have been 

produced, each set containing morphometric 

parameters for one specific scale (1:5000, 1:25000 or 

1:50000) across the whole basin and for each sub-basin 

within. Finally the expisitic variability of the 

morphometric and morpho-hydrological parameters 

was studied, across the three scales in order to test the 

null hypothesis according to which the scale of the map 

may not alter the accuracy of morphometric and 

hydrological parameters within the same watershed. 

 

Results  

 
For Braniste watershed as a whole and for 

each of the 12 sub-basins, considered representative 

(larger than 25 ha), the following paramters have been 

calculated, based on the coutour lines provided by the 

three digital maps: 

– Total area (S, in hectares); 

– Perimeter (Pb, in m); 

– Maximum length of the basin (Lmax in m): the 

length of the rectangle where the basin fits in; 

– Maximum width (Bmax in m): the width of the 

rectangle within the whole basin fites; 

– Average length (Lb, in m): the length of the 

rectangle with the same area and the same perimeter as 

the the watershed; 

– Gravelius coefficent (Gr, non-dimensional): 

the ratio between the perimeter of the basin and the 

perimeter of a circle with the same area; 

– Highest elevation (Hmax, in m): given by 

contour line interpolation; 

– Lowest elevation (Hmin, in m): given by 

contour line interpolation; 

– Average elevation (Hmed, in m): the avearage 

beteween the elevations of two succesinve contour 

lines weighed by the areas within them; 

– Total length of the coutour lines within (Lco, 

in m) 

– Aveage slant (Ib in %): the product between 

the total length of all contour lines within and the ratio 

between the contour interval and the total area; 

– Average length of slopes (Lv, in m): the ratio 

between the watershed area and the length of the 

hydrological network, multiplied by 5.5 (according to 

the Romanian technical standards); 

– The basin order (Ord, adimensional): the 

highest rank reached by a segment of the hydrological 

network (Strahler); 

– The total number of hydrological segments 

(Strahler) (Nrt)  

– Length of the hydrological network (Lr, in m): 

measured on the plan; 

– Density of hydrological network (Dr, mha
-1

): 

the ratio between the total length of hydrological 

network and the area of the watershed; 

– Length of the main channel (La, in m): 

measured on the map; 

– Rmax - Difference between the highest and the 

lowest elevation within the watershed; 

– Slope of the main channel (Ia, in %): the 

ration between the elevation range (difference between 

the highest and the lowest points of the channel) and 

the length of the channel; 

– Time of concentratin (Tc, in min) – the longest 

period of time within a storm runoff goes from the 

remotest point of drainage to the watershed outlet; a  

parameter calculated by three methods (Petrițan, 2008):  

– Tc1 given by the Kirpich method; 

– Tc2 based on the California Highways and 

Public Works method 

– Tc3, given by summation of the average times 

taken to flow along the slopes, on the one hand,  and 

along the main channel, on the other hand. 
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The effects of the scale on the size of the 

morphometric parameters have been analyzed by 

pairwise comparisons, for each parameter having a 

array of 13 values: 12 for the sub-basins and one for 

the whole basin. For each combination of scales the t 

test was applied to check out whether or not the small 

differences between average values are expistically 

meaningful; the results are presented in Table 2. In 

order to figure out the corrective coefficients needed  to 

aply on values based on smaller scales (1:25000 and 

1:50000) each parameter was represented in the same 

reference system, having on the abscise the value 

corresponding to the benchmark scale (1:5000) and on 

ordinate the value corresponding to any alternative 

scale (1:25000 and 1:50000). Doing so, the null 

hypothesis is confirmed if the points are not aligned 

along the bisector and the deviations from this line are 

biased.  

Further, a regression function without 

intercept was derived for each pairs of data in order to 

facilitate a straightforward assessment of the corrective 

coefficients afore mentioned. This second analysis was 

carried out on two combinations only: between the 

benchmark scale, and each of alternative scales 

available: 1:25000 and 1:50000 respectively.  

It was assumed the lines must go through the 

origin because when one parameter drops to zero on 

the abscise scale, it must eventually go to to zero on the 

other scale too. Then having only the slope of the 

regression line, it was easier to find out the adequate 

corrective coefficients, need to be applied to the 

parameters found to be significantly influenced by the 

map scale, as shown in Figure 5. Formulae (1) was 

used to derive these corrective coefficients.

 
Table 2  

T test expistics, correlations and regression analyses   

Parameter [Y] 

t-Test: Paired Two Sample for Means Correlation and regression 

Pairs of maps Y25k=β25k/5kˑY5k+0 Y25k=β50k/5kˑY5k+0 

5k-25k 5k-50k 25k-50k β25k/5k R
2
25k/5k β50k/5k R

2
50k/5k 

S[ha] texp<tcrit texp>tcrit texp>tcrit 0.9995 1.0000 0.9937 0.9999 

P[m] texp>tcrit texp>tcrit texp>tcrit 0.9870 0.9996 0.9784 0.9994 

Lmax [m] texp<tcrit texp<tcrit texp<tcrit 0.9984 0.9998 0.9913 0.9996 

Bmax [m] texp<tcrit texp<tcrit texp<tcrit 1.0030 0.9995 0.9857 0.9975 

Lmed [m] texp>tcrit texp>tcrit texp<tcrit 0.9719 0.9987 0.9588 0.9968 

Lco [m] texp<tcrit texp>tcrit texp>tcrit 0.2340 0.9999 0.1229 0.9999 

Ib [%] texp>tcrit texp<tcrit texp>tcrit 0.9692 0.8673 1.0219 0.8568 

Gr texp>tcrit texp<tcrit texp<tcrit 0.9849 0.8953 0.9820 0.3258 

Hmax [m] texp>tcrit texp>tcrit texp<tcrit 0.9938 0.9973 0.9914 0.9951 

Hmin [m] texp<tcrit texp>tcrit texp>tcrit 1.0012 0.9989 0.9943 0.9970 

Hmean [m] texp<tcrit texp>tcrit texp>tcrit 0.9986 0.9972 0.9961 0.9884 

Hmedian [m] texp<tcrit texp<tcrit texp<tcrit 0.9988 0.9987 0.9965 0.9817 

Rmax [m] texp>tcrit texp>tcrit texp<tcrit 0.9809 0.9973 0.9882 0.9942 

Ord texp>tcrit texp>tcrit texp<tcrit 0.6471 0.4674 0.6863 -0.0129 

Nr texp<tcrit texp<tcrit texp<tcrit 0.2157 0.9542 0.2214 0.9408 

Lr [m] texp<tcrit texp<tcrit texp<tcrit 0.4840 0.9858 0.4908 0.9789 

Dr [m/ha] texp>tcrit texp>tcrit texp<tcrit 0.5562 -0.3798 0.5965 -0.8815 

La [m] texp>tcrit texp>tcrit texp<tcrit 0.9311 0.9981 0.8893 0.9904 

Hob [m] texp>tcrit texp<tcrit texp<tcrit 0.9845 0.9163 0.9802 0.3930 

Hav [m] texp<tcrit texp>tcrit texp>tcrit 1.0012 0.9988 0.9943 0.9971 

Ia[%] texp<tcrit texp<tcrit texp<tcrit 1.0338 0.9638 1.0750 0.9251 

Lv [m] texp>tcrit texp>tcrit texp<tcrit 1.3969 -0.4298 1.2119 -1.3449 

Tc1 [min] texp>tcrit texp>tcrit texp<tcrit 0.9392 0.9989 0.9386 0.9947 

Tc2 [min] texp>tcrit texp>tcrit texp<tcrit 0.9392 0.9989 0.9386 0.9947 

Tc3 [min] texp>tcrit texp>tcrit texp<tcrit 1.0131 0.9894 1.0063 0.9908 

 
Applying the t test for each pair of samples 

(Horodnic 2008) it was found that estimating the 

morphometric parameters on maps with different scales 

brings about significant differences (texp>tcrit) for some 

parameters. Since the most accurate values are based 

on the most detailed maps (1:5000), when these maps 

lack and the information shall be collected from larger 

maps at lower scales (1:25000 and 1:50000), some of 

the morphometric parameters shall be adjusted.  

As anyone would expect, the effect of 

smaller scales on the area of the watershed is 

negligible. But the next parameter, which is 

significantly altered by the scales, is the total length of 

the contour lines, which has been systematically 
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underestimated on 1:50000 maps, compared with the 

benckmark scale (see Figure 4).  

The concentration time was assessed 

through three different indirect methods in order to 

better test the null hypothisys, which says that, given 

the calculation formulas, the concentration time may 

not be influenced by the map scale. The most 

singnificant differences have been found for the 

concentration time (Figure 5 and Figure 6), which is 

crucial for desiging the hydrological infrastructure 

downstream. This parameter (along with the watershed 

area) is taken into account when the flood flows are 

estimated through the indirect methods.

  

 

 
Fig. 3 Effect of scale on the total area of the watersheds  

 
Figure 4 Effect of scale on the total lengh of contour lines 

 
Figure 5 Effect of scale on the concentration time given 

by the Californian method 

 
Figure 6 Effect of scale on the concentration time given by 

summation of concentration times along the slopes and 

hydrological network 
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Discussions 

 

 

 
Fig. 7 Relative differences between some of the parameters estimated on maps at 1:25000 and 1:50000 against the 

benchmark map at 1:5000 

 
All results have been summarized in figure 

7, which shows the indicative values of the corrective 

coefficients needed to be applied when the basic 

measurements are to be done on inadequate maps: if 

the scale is 1:25000 the coefficeints recoded on the first 

row of the table beneath Figure 5 are to be used, if the 

scale is 1:50000 the coefficients are give by the next 

row of the same table.  

The significant differences recommend that, 

whenever the highest flood flows is to estimated 

through indirect methods, the scale reference shall be 

1:5000; moreover, irrespective to the size of the 

watershed, the scale 1:50000 is not recommended for 

assessing the watershed areas, concentration times and 

flows. Yet, lacking plans at 1:5000, less detailed plans 

can be used providing that a series of corrective 

coefficients are to applied to the estimated vales, as 

shoewn in the table beneath Figure 5. 

For most of the parameters the slope of the 

regression line (β) is slightly smaller than one as Tabel 

2 presents but there are some paramenters seriously 

affected, as the total number of hydrological segments, 

which can be better seen on 1:5000 maps. Another 

distorted to a high degree by the scale is the length of 

the main channel which seems to be shorter on larger 

maps (about 7% shorter on 1:25000 maps and 11% on 

1:50000 maps) and the total length of the coutour lines. 
 

Conclusions 

 
Even though the matter of this study might not 

be of interest for planners and researcher who have 

access to accurate DEMs or 1:5000 maps with contour 

lines, there are still enough ‘white spots’ in remote 

areas where regular maps are not at hand and, due to 

the high torrential risk, some new works are to be 

designed and put in place.   

For these situations, where planners have to 

use maps at much lower scales (1:25000 or 1:50000), 

the study has demonstrated that even o a small 

watershed, stretching over two thousand hectares, the 

distortion brought about by the map scale over the 

magnitude of some parameters are accountable and, 

very important, their effect on much larger areas may 

alter even more the accuracy of assessing the time of 

concentration.  

Callibrating parameters produced by different 

sources, compared in pairwise schemes like the one 

used in this study, seems to be a promising option in 

designing new tools to process data and information 

delivered by less reliable sources, whatever these 

resources might be.  
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