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Techniques for Morphologic Analyses 

To monitor river morphology and accurately quantify any changes in cross-section 
shape with time, it is necessary to have 2-dimensional (cross-section) or 3-dimensional 
(digital elevation) representations of the topography. Such data need to be reduced to a 
common datum and need to extend over a long time period if long-term trends are to 
be identified.  Although airborne laser survey data is becoming more common, the 
historic data consist of surveyed cross-sections. From these data it is necessary to 
extract parameters that portray river cross-sections in a way that is meaningful, 
measurable and unambiguous. 

Cross section parameters 

A schematic river cross-section is shown at the top of Figure A1. The Nominal Water 
Level (NWL) is a fixed reference datum that is assigned to each cross-section at a 
level above which no morphological change is expected. Typically the NWL could 
follow a .002 AEP flood level. In the case of very wide, unstable or perched rivers, 
two NWLs may be required. 

Cross–section area (A) is calculated by summing the elemental areas (xi+1- xi)*(NWL-
0.5( yi+1+ yi)) that lie between survey points (that define the cross-section shape) and 
the NWL. Section volume (V) is calculated by assuming that a cross-section’s area 
extends half the distance to the next upstream cross-section and half the distance to the 
next downstream cross-section. The Mean Bed Level (MBL) is the level of the base of 
a rectangle having the same NWL and the same cross-sectional area (below the NWL) 
as the surveyed cross-section. The Thalweg Level (TL) is the minimum level on a 
surveyed cross-section.  
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Figure : Schematic cross-sections showing Nominal Water Level, Mean Bed 
Level, Thalweg Level and Thalweg Index. 
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The ratio (MBL-TL)/(NWL-MBL) is an index of the thalweg significance at a section. 
The bottom of Figure A1 shows examples of the Thalweg Index (TI). This index is 
zero for a rectangular section and 1.0 for a triangular cross-section.  

Temporal and trend-line analyses of long sections of MBL, TL and TI will help 
identify morphologic trends and any movement of sediment slugs. 

V, A, MBL and TI all depend on where the NWL datum is placed, however, provided 
NWL is not varied over the years, these parameters provide valuable information on 
changes over time and changes between sections. These parameters are used in 
analysing historic surveys of the Waikato River (Smart, 1996). The volume parameter 
V, depends on inter cross-section spacing and care must be taken that comparisons of 
reach volume changes over time are based on the same set of reach cross-sections. 

 

 

Parameters from aerial imagery 

One recommendation to “quantify”  river morphology on an aerial basis is to use the 
Exposed Riverine Sediment (ERS) assessment methodology (Brewer et al., 2000). 

The ERS index is sensitive to the flow at the time of the assessment and to vegetative 
cover (vegetation can camouflage riverine sediment that would be exposed in a 
different season). Unless some conversion relation is available to adjust ERS 
according to the flow at the time of the survey, this parameter would not be 
comparable across different sites of interest or across time at a particular site. The 
problem could be reduced by flying the imagery used for ERS at similar times of the 
year and when there are similar flows in the rivers and streams of interest. However, it 
is still not clear how an ERS index for a large river could be compared with the index 
for a smaller river in order to make management decisions.   

Another approach advocated by Peter Taylor of Landcare for gravel bed rivers, is to 
count the number of pools per unit length of river. This is carried out using aerial 
photographs of suitable quality and scale. A standard number is assessed for each river 
in relation to its average channel width. For example: The length of a river managed 
by a flood control scheme is 20km. The number of pools counted from the aerial 
photography is 200, which means that there is 1 pool per 100m. The bed width is 
measured at regular intervals from the aerial photography, producing say, an average 
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bed width for the river of 50m. Therefore there is 1 pool every 2 times the average bed 
width. In locations where a ‘significant shortage’ of pools is identified, that will be 
included as a specific issue to be addressed in the next scheduled engineering review 
of the scheme concerned. 

If such a metric is applied, allowance should be made for the streamflow at the time of 
the measurements and any recent occurrence of floods (larger than a mean annual 
flood) which  have the potential to “reset” the riffle/pool sequences in a river. Care 
should also be taken that gravel extractors do not “engineer” a temporary sequence of 
short pools to satisfy a consent condition and have these pools wash out during the 
next flood event. 

A more robust approach is to measure the Water Surface Area (WSA) of rivers in 
reaches of interest. This should be carried out using geo-rectified photography or 
LiDAR at times when the streamflow is known.  

The WSA per unit length of channel is equal to the average width (W) of channel(s) 
in the river reach. Dividing the streamflow (Q) at the time of the WSA measurements 
by W will give an index known as the “discharge per unit width”. The advantage of 
this metric is that, in a natural river, discharge per unit width (q) is less sensitive to 
river flow and riparian vegetation than an ERS index or pool count (very 
approximately q depends on the log of Q). In addition, q is directly applicable to 
Habitat Assessment models.  
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