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MESSAGE  
 

 

 

Dear Colleagues, 

 

 

Greetings!  

 

The Forest Management Bureau, the government agency mandated to provide support for 

the effective protection, development, occupancy management, conservation of forest lands 

and watersheds, presents this manual on Watershed Characterization and Vulnerability 

Assessment Using Geographic Information Systems and Remote Sensing.  

 

This manual, crafted in partnership with faculty members of the University of the Philippines  

Los Baños - College of Forestry and Natural Resources touches on the essential components 

of watershed characterization - from biophysical aspects such as climate, geology and 

vegetation to socioeconomic variables such as income, health and education. It aims to 

guide watershed managers and field implementers in the creation of a holistic watershed 

characterization plan and vulnerability assessment. It also provides descriptions of 

watershed parameters and instrumentation,  field methodologies and techniques in the 

floral, faunal and socio-economic characterization and a systematic guide on physical 

characterization using geographic information system and remote sensing. 

 

We hope that this manual would serve as our share in the betterment of our work in 

developing and conserving our watersheds.  

 

 

 

Dir. Ricardo L. Calderon, CESO III 

Forest Management Bureau 
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EXECUTIVE SUMMARY 
 

The preparation of a watershed characterization and vulnerability assessment is the first 

step in the sustainable management of our watershed resources. It provides watershed 
managers and decision-makers basis for development and conservation strategies to be 

implemented. With the advent of technologies like Geographic Information System (GIS) 
and Remote Sensing (RS), the preparation of these analyses has been made easier and 
more accurate.  

 
This manual is an output of the recently conducted Trainersô Training on Watershed 

Characterization and Vulnerability Assessment Using Geographic Information System and 
Remote Sensing. The training is aimed at capacitating FMB personnel in watershed 
management concepts, principles and the application of GIS in watershed delineation and 

characterization. It was facilitated by forestry and GIS -RS experts and professors from the 
University of the Philippines Los Baños ï College of Forestry and Natural Resources.  
 

The manual shows all the lecture materials during the traini ng. The first five topics discuss 
the physical, biological and social characterization of the watersheds. The succeeding topics 

show a methodical guide in the physical characterization of watersheds using GIS and RS 
methodologies in ArcGISTM software. The annexes show a methodical guide in the 
vulnerability assessment for landslide and flood using GIS and RS methodologies in 

ArcGISTM, HEC-RAS, HEC-HMS, HEC-GeoRAS and HEC-GeoHMS software.  
 

The physical characterization of watersheds is divided between discussions of the different 
geo-morphometric parameters and the instruments and methodologies used to describe 
these parameters and water quality as well. A table summarizes all the morphometric 

parameters that can be calculated for the physical characterization of watersheds. There is 
a detailed discussion on the computation and interpretation of the computed values for form 

factor, relief ratio, drainage, density and length of overland flow. The watershed 
instrumentation topic starts with a discussion on the hydrologic processes and water 
balance. The different instruments used for determining water yield are then enumerated 

and described. It is followed descriptions of the physical, chemical and biological 
components in determining water quality. Sample computations and exercises are provided 
for both topics.  

 
The biological characterization of watersheds is focused on the discussions on faunal and 

floral assessments. For the faunal assessment, key terms and definitions are provided. 
Methodologies in sampling mammals, birds, reptiles and amphibians are then enumerated 
and described. A sample wildlife/fauna survey form is also provided. For the floral 

assessment, the importance of vegetation in watershed vulnerability assessment is 
discussed followed by the vegetation and forest formations found in the Philippines. The 

different parameters in determining stand structure and b iodiversity assessment are also 
described. Sample computations and exercises are provided for both topics. 
 

The social characterization of watersheds discusses the different components of socio-
economic survey and demography and their variables and indicators. The methodologies for 
stakeholder analysis and vulnerability to climate change are also discussed. Sample tables 

for data collection of both analyses are also provided.  
 

The methodologies for GIS and RS cover topics ranging from basic concepts and processing 
to specific watershed applications. The software used in this manual is ArcGISTM version 
10.2 for both GIS and RS. ArcGISTM version 10.0 and 10.1 can also be used but may have 
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some differences in the interface. The Arc Hydro Tool extension is used for the watershed 
characterization part.  

 
The first topic discusses basic GIS processing in converting analogue maps into digital 

format i.e. georeferencing and projecting maps and creating vector shapefiles. It is followed 
by tools (i.e. Hydrology Tools and Arc Hydro Tool) specifically developed for watershed 
characterization. These are used to derive watershed boundaries, stream network and 

order, and compute morphometric parameters discussed in the physical characterization. 
The remote sensing part covers topics on satellite image pre-processing, derivation of 
vegetation indices, image classification by land cover type, and multi-temporal change 

detection.  
 

Two additional topics are included in this manual: vulnerability assessment to landslides and 
floods. These topics are complementary to the Ecosystems Research and Development 
Bureauôs (ERDB) Manual on Vulnerability Assessment of Watershed. The landslide 

vulnerability exercise uses a modified version of ERDBôs landslide vulnerability criteria and 
processed through ArcGISTM ModelBuilder. The flood vulnerability exercise uses the 

modeling approach and processed through ArcGISTM, HEC-HMS, HEC-RAS, HEC-GeoHMS, 
and HEC-GeoRAS. 
 

The methodologies in GIS present an advanced approach to delineation and 
characterization that was not used in previous characterization reports. For instance, 

watershed boundaries digitized manually from topographic maps before do not correspond 
to boundaries generated from Digital Elevation Models (DEM). The latter is presumed more 
accurate. A Digital Elevation Model (DEM) can also be used to generate stream networks 

and stream orders that are formerly done ma nually using topographic maps. Lastly, the 
topics in RS give additional information on the vegetative status of the watershed s.  
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PHYSICAL FEATURES 
 

 

INTRODUCTION  

 
Watershed is a land area drained by a stream or fixed body of water and its 
tributaries having a common outlet for surface runoff  (PD 705). Normally, its 

boundary or divide is delineated topographically, following the ridges in a landscape. 
However, its area can also be outlined based on the bedrock formation that impacts 
groundwater. This divide is called the phreatic. The difficul ty of groundwater study and the 

convenience of using a contour map to outline the watershed boundary resulted to the use 
of the topographic divide instead of the phreatic divide. Inside a watershed, water is 

channeled through a network of tributaries. Depending on its surface area, a watershed can 
be classified as either small, medium, or large. Those that cover a great extent are referred 
to as river basins. The Cagayan River Basin in the north and the Agusan River Basin in the 

South exemplify this type. Due to vast coverage of some of these watersheds, it is divided 
into sub-watersheds. This is basically a watershed within a bigger watershed, delineated by 

isolating a tributary or network of tributaries, similar to demarcating the whole watershed.  
 
The condition of the watershed is crucial in the overall health of ecosystems. In fact, even 

the economy is highly affected by whatôs going on within a watershed. It is for this reason 
that its management should be given emphasis. In order to do so, a thorough 

understanding of its features, components, and behavior should be achieved. Some 
literatures refer to the management of watershed as the ridge-to-reef approach. This 
underlines that a watershed is composed of various interacting ecosystems from the upland 

to the lowland. In the headwater area is the forest ecosystem, and the typical outlet leads 
to the coastal/marine ecosystem. Somewhere in the middle lie the agro - and urban 
ecosystems. The overall goal of watershed management is to harmonize these ecosystems 

for the continuous provision of goods and services. Flood incidences and siltation of bodies 
of water are typical indicators of improperly managed watersheds. This normally is a result 

of the degradation of the forest ecosystem.  
 
Managing watersheds is a difficult task. However, it is of help to know the very nature of 

the watershed that is to be managed. This is because watersheds behave differently and 
some of its behavior, e.g. peak flow, is just within its normal trend or pattern and not 

indicative of the alteration that is taking place within its area. This is similar to 
understanding baseline information prior to the application of a treatment in an experiment. 
In other words, not all flood incidences are the result of an impaired watershed condition.  

Similarly, not all landslides are due to lack of forest vegetation. These could be a result of 
the ruggedness of the watershed or an abnormal rain event.  
 

This handout covers the physical component of watershed characterization. The objective of 
which is to discuss each parameter and how it affects the general behavior of the 

watershed. Towards the end, an example on how each parameter is calculated is provided.  
An exercise designed for practice calculations is also provided.    
 

WATERSHED CHARACTERIZATIO N 
 

The characterization of watershed covers the physical, biological, social and economic 
component of the watershed, as well as the determination of issues, vulnerability, 
issues and opportunities for development interventions . In general, it describes th e 

very nature of the watershed and its components. The physical characterization typically 



P a g e |  6 

 

covers the morphometric features of the watershed, as well as the land use, geology, 
climate, hydrology and soils. The biological component pertains to the flora and  fauna in the 

area. The social and economic components are normally integrated under the banner socio-
economic, and provide details on demographic and other relevant information concerning 

the watershed occupants and other stakeholders. Only the physical characterization is 
covered in this module. The rest are discussed in separate modules.  
   

Components of Physical Characterization 
 
The Department of Environment and Natural Resources (DENR) issued Memorandum 

Circular 2008-05 (DENR MC 2008-05) identifying 10 components that should be described 
under the Physical Environment for watershed characterization. These are as follows: 

 
1. Geophysical location 
2. Topography/Geo-morphological features 

3. Geology 
4. Soil 

5. Land classification/legal status of land 
6. Land capability 
7. Land use 

8. Climate 
9. Hydrology 

10.  Infrastructure  
 
Of these components, the geomorphological features are given emphasis in this module, as 

it is normally whatôs lacking in numerous watershed management characterization/plan. 
Several literatures also call for the calculation of other morphometric parameters to describe 
the overall hydrologic features of the watershed. Besides, the other features are also easily 

incorporated through existing references and maps [e.g. Soil Survey Report from the 
Bureau of Soils and Water Management (BSWM) for the soil features and land capability]. 

The content of the description under each feature is also described in the DENR MC 2008-
05.   
 

Geo-morphometric  Parameters  
 

The geo-morphometric parameters describe the physical feature of the watershed, in terms 
of its ruggedness, overall shape, drainage qualities, and dissection. These features are 
included in the characterization since it impacts the quantity and rate of water coming out 

of the watershed. These are also indicative of the responsiveness of the watershed to rain 
events or its susceptibility to natural calamities like floods and erosion. Vincy, Rajan, and 
Pradeepkumar (2012) summarized the geo-morphometric parameters that can be calculated 

for a watershed (Table 1). It is ca tegorized into three aspects: Areal, Relief, Linear. 
 

It is important to note that not all of these parameters are calculated for a watershed, as 
some of these parameters are indicative of the same thing (e.g. circularity ratio vs. form 
factor, which both gives us information on the general shape of the watershed). It is 

however, a must that at least one of these similar indicative -parameters be reported in the 
watershed characterization. In general, the calculated parameters are the area, bifurcation 

ratio, form factor, relief ratio, slope, drainage density, and length of overland flow. These 
parameters are also the ones indicated in the DENR MC 2008-05. 
 

In terms of area, the following classification is used based on size:  
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Drainage/River basin >1,000 km 2   (> 100,000 ha)  

Large   500 to 1,000 km 2  (50,000 ï 100,000 ha) 
Medium   100 to 500 km2   (10,000 ï 50,000 ha) 

Small   10 to 100 km2   (1,000 ï 10,000 ha) 
Micro   < 10 km2   (<1,000 ha)  

  

Form factor indicates the compactness of the watershed. A higher for m factor means the 
watershed is circular in nature. A low form factor means it is elongated (Figure 1). A circular 
watershed means the rainwater received by the watershed will reach the outlet at the same 

time. In other words, it will bunch up at the outle t and could induce river swelling and 
eventually, flooding. An elongated watershed, on the other hand, will mean a longer time 

for rainwater to travel from the headwater to the outlet, allowing the tributaries to channel 
and release the water ñslowly.ò 
 

 
 

 
 
 

 
 

 
 
 

 
 
 

 
 

 
Figure 1. Sample form factor values and indicative basin shape. 

(Source: http://classes.warnercnr.colostate.edu/g454/files/2011/01/Lab -4-Basins.pdf) 

 
Relief ratio is the quotient of the basin relief (the difference in the highest and lowest 

elevation) and the watershed length. It indicates the slope of the watershed. A higher relief 
ratio means higher peak flow and faster movement of storm water  to the outlet.  
 

The drainage density is the ratio between the total length of the stream and the watershed 
area. It tells us the length of a stream on a per unit area basis. Low drainage densities are 
often associated with widely spaced streams due to the presence of less resistant materials 

(lithologies or rock types), or those with high infiltration capacities. A high drainage density 
indicates the watershed is heavily dissected. This could mean the watershed is prone to 

erosion. 
 
The length of overland flow in dicates the distance travelled by runoff water before it 

reaches a tributary or merges to gorm a concentrated flow. A longer overland flow means 
fewer propensities for flooding since it will take a long time for it to reach tributaries and 

cause it to swell. 
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Table 1. The geo-morphometric parameters that can be calculated for a watershed to describe its physical features (Modified from Vincy, 

Rajan, and Pradeepkumar, 2012). 
 

Morphometric parameter  Formula  Description  Units  

A. Linear aspects     
1. Stream order (u)   Hierarchical rank Dimensionless 

    
2. Stream length (Lu)  Length of the major stream  km 
    

3. Total stream length (TL u)  Sum of all Lu km 
    

4. Mean stream length (Lsm) Lsm = L u/Nu Lu = Total stream length of order óuô km 
  Nu = Total number of stream segments of order óuô  
    

5. Perimeter (P)   km 
    
6. Stream length ratio (R I) RI = L u/Lu-1 Lu = Total stream length of order óuô Dimensionless 

  Lu-1 = Total stream length of its next lower order   
    

7. Order length ratio (O L) OL = L u/Lu+1  Lu = Total stream length of order óuô Dimensionless 
  Lu+1  = Total stream length of its next higher order   
    

8. Bifurcation ratio (Rb) Rb = N u/Nu+1  Nu = Total number of stream segments of order óuô Dimensionless 
  Nu+1 = Number of stream segments of the next higher order   

    
9. Mean bifurcation ratio Rbm Average of bifurcation ratios of all orders  Dimensionless 
    

10. Basin length (Lb)   km 
    
11. Rho coefficient (ȍ) ȍ = Rl/Rb Ratio of stream length ratio and bifurcation ratio  Dimensionless 
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Morphometric parameter  Formula  Description  Units  

B. Relief aspects     
12. Basin relief (Bh)  Bh = H -h Vertical distance between the lowest and highest points  
    

13. Relief ratio (Rr) Rr = Bh/Lb Ratio of basin relief and length Dimensionless 
     

14. Ruggedness number (Rn) Rn = Bh x Dd Bh = Basin relief Dimensionless 
  Dd = Drainage density  
    

15. Meltonôs Ruggedness number (MRn) MRn = Bh/A
0.5 Bh = Basin relief Dimensionless 

  A = Area of watershed  

    
16. Slope (S) S = (ǧE/L)100% ǧE = Elevmax ï Elevmin along the principal flow path  % 
  L = Length of the watershed along the main stream (by 

measuring the valley length and not meandering curve)  

 

C. Areal aspects     
17. Area (A)   km2 

    
18. Drainage density (Dd) Dd = TLu/A Ratio of total stream length and area  km.km-2 

    
19. Constant of channel maintenance C = 1/D d Inverse of drainage density km.km-2 
    

20. Circularity ratio (Rc) Rc = (4ɸA)/P
2 A = Area of watershed  

  P = Perimeter Dimensionless 

    
21. Elongation ratio (Re)  Re = (2/L b)[(A/ɸ)

0.5]  A = Area of watershed Dimensionless 
  Lb = Basin length  

    
22. Compactness constant (Cc) Cc = P/(4ɸA)

0.5 A = Area of watershed km 
  P = Perimeter  
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Morphometric parameter  Formula  Description  Units  

23. Drainage texture (R t) Rt = D d x Fs The product of drainage density and stream frequency km 
    
24. Stream frequency (Fs) Fs = N/A  Ratio between the total number of streams and area  km-2 

     
25. Form factor (F f) Ff = A/L b

2 A = Area of watershed Dimensionless 

  Lb = Basin length  
    
26. Texture ratio (T)  T = N1/P  Ratio of the total number of 1 st order stream and perimeter km-1 

    
27. Shape index (Sw) Sw = L 2/A L = Length of the watershed along the main stream (by 

measuring the valley length and not meandering curve) 

Dimensionless 

    
28. Shape factor (Sf) Sf = 1/F f Reciprocal form factor Dimensionless 

    
29. Length of overland flow (L g) Lg = 1/(2D d)  Dd = Drainage density km 
    

30. Lemniscate ratio (K) K = Lb
2/4A Lb = Basin length Dimensionless 

  A = Area of watershed  
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SAMPLE DATA/CALCULATIONS  
 

1.  
 

 
Source: USGS 
 
 

A low bifurcation ratio means a higher risk of flooding. Values ranging from 3 to 5 indicate a 
natural drainage system that formed in a homogeneous rock.  
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2. The following information were derived by Eze and Efiong (2010) for the Calabar River 
Basin, Nigeria: 

 

Drainage basin parameter Value 

Basin order 5 
Total number of streams 223 
Total stream length 516.34 km 

Length of overland flow 1.47 m 
Axial width 43.00 km 
Axial length 62.00 km 

Basin area 1,514.00 km2 
Basin perimeter 235.00 km 

Relative perimeter 36.48 km 
Circularity ratio 0.34 
Elongation ratio 0.64 

Form factor 0.34 
Compaction coefficient 1.70 

Highest basin elevation 0.98 km 
Lowest basin elevation 0.015 km 
Relief ratio 0.014 

Average bifurcation ratio 3.57 
Drainage density 0.34 km-1 

Stream frequency 0.15 km-1 
Drainage intensity 0.05 
Longest dimension parallel to the principal drainage line 68.00 km 

 
 
3. The following information were  reported for the one of the Energy Development 

Corporation (EDC)-managed focus watersheds in Negros Occidental: 

Parameter Value 

Area 2,874 ha 
Elongation ratio 0.4 
Maximum elevation 1,798 m 

Minimum elevation 63 
Relief ratio 0.1 

Basin length 14,760 m 
Mean elevation 481 masl 
Mean slope 0.20 

Drainage density 10.1 m ha-1 
Stream density 0.01 ha-1 
Length of overland flow 0.05 m 
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EXERCISE 
 

1. Given the following information for a watershed (hypothetical):  
  

Area = 150 km 2 
Perimeter = 30 km  
Length of the watershed = 15 km  

Elevmax = 1,200 masl  
Elevmin = 5 masl  
No. of  1st order stream = 8,  2nd order stream = 3,  3rd order stream = 1  

Total stream length = 1 5 km 
 

Calculate: 
a. Shape factor      
b. Circularity ratio 

c. Elongation ratio 
d. Relief ratio 

e. Drainage density (in km/km 2) 
f. Bifurcation ratio  
g. Length of overland flow  

 
2. Using the figure below, determine the watershedôs bifurcation ratio and stream 

frequency. Assume an area of 1,000 km2. 
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SOLUTION  
 

1. a. Shape factor (Sf) = 1/F f, where Ff = A/L b
2 = 150 km 2/(15km) 2 = 0.67. Therefore, Sf = 

1/0.67 = 1.49  

 
b. Drainage density (Dd) = TL u/A = 15km/150km 2 = 0.1 km/km 2 

 

c. Circularity ratio (Rc) = (4ɸA)/P
2 = 4ɸ150km2/(30km) 2 = 2.09  

 
d. Elongation ratio (Re) = (2/L b)[(A/ɸ)

0.5] = (2/15)[(150km 2/ɸ)0.5] = 0.92  

 
e. Relief ratio (Rr) = B h/Lb = (1.2km -0.005km)/15km = 0.08  

 
f. Bifurcation ratio  = 8/3 = 2.7  
   = 3/1 = 3.0  

  Average 2.9 
 

g. Length of overland flow (L g) = 1/(2D d) = 1/(2x0.1) = 5 km  
 
2.  

 

 
 

1st order = 24    Bifurcation ratio  = 24/10 = 2.4  
2nd order = 10         = 10/1 = 10.0  
3rd order = 1         Average     6.2 
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WATERSHED INSTRUMENTATION 
 

 

INTRODUCTION  

 
Watersheds are primarily known for supplying water. However, it is important to point out 
that several goods and services may come out of it. Its headwater areas are normally 

occupied by forest vegetation that can be harvested sustainably. Similarly, mineral 
resources may be present that can be extracted responsibly without impairing the overall 
function of the watershed. Other than these, the land/soil in itself is a resource that should 

be given emphasis. Most of the problems we experienced right now are due to lack of 
concern to soil resources leading to its erosion. Not to be left behind are the other biological 

resources that can be found in a watershed. These could either be other plant forms or 
faunal component that play significant role in the overall health of various ecosystems.  
 

Unfortunately, majority of the watersheds in the country are impaired. Problems that are 
associated with this condition come in a cyclical pattern: flooding during rainy months, 

droughts during dry periods. This is coupled with other consequences we normally hear in 
news or read in the newspaper, like the loss of productivity of its land, difficulty in river 
navigation, siltation of dams, landslides, etc. These scenarios are most likely the result of 

poor watershed management that arises due to political scenarios, socio-economic 
conditions, and insufficient understanding of the watershed concept.   

 
Knowing how a watershed behaves is crucial to its management, especially if we want t o 
assess how it responds to alterations of its components (e.g. land use) or management 

strategy. For this purpose, we normally make use of the water yield and quality as 
indicators of this condition. Just like a doctor who typically asks for blood chemist ry when a 
patient comes in with a high fever, watershed managers can gauge watershed health 

through the symptoms indicated in its water component. This could either be a declining 
water yield or the deterioration of water quality. Thereafter, a causation a nalysis can be 

done to identify factors that contributed to the resulting condition, which eventually should 
lead to intervention. Again, this is very much similar to when a doctor prescribes a medicine 
to cure a condition that was diagnosed through its sy mptoms. 

 
How do we then determine water yield and quality from a watershed? When do we say that 

it actually changes through time as a result of the changing condition in the watershed? 
Both of these questions can be answered through watershed instrumentati on, where 
monitoring stations will be placed in strategic locations (normally the outlet/s) within the 

watershed. The earlier this can be done for a watershed, the better, as baseline 
information/trend should first be established. These data will be the ba ses of comparison for 
succeeding years. 

 
This handout/lecture material discusses the basic of watershed instrumentation. Some of 

the hydrologic processes intended to support the water balance concept is presented in the 
beginning. The middle part tackles t he different techniques by which water yield can be 
measured, while the latter part covers some of the water quality parameters that can be 

monitored to assess water health.   
 

HYDROLOGIC PROCESSES 
 
The hydrologic cycle is an integral part of understanding the watershed. Hydrologic cycle 

refers to the natural sequence through which water passes into the atmosphere as water 
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vapor, precipitates to the earth and returns to the atmosphere through evaporat ion. The 
amount of water that comes in and out of the watershed is a result of these processes.  

 
Precipitation  
Precipitation refers to any moisture that reaches the earth surface. This includes rain, snow, 
fog, dew, and hail. Obviously, the most common for m of precipitation in the country is rain. 
The amount of precipitation, measured using a rain gauge, is usually the one of interests to 

a hydrologist. Using this data and the area of the watershed, he/she can calculate the 
volume of water that should come out of the watershed.  
 

Infiltration  
Infiltration refers to the entry of water in the soil column. Once water is in the soil, the 

downward movement of water is referred to as percolation. This process is important in 
recharging groundwater. Groundwater feeds perennial rivers in a watershed. 
 

Runoff  
Runoff or overland flow refers to the component of the precipitation that flows on the land 

surface. It is produced when rainfall intensity exceeds the soil infiltration rate or when the 
soil becomes saturated with water (saturation overland flow) such that it can no longer 
absorb additional precipitation. The production of runoff in a watershed highly impacts its 

responsiveness to storm events as water travels faster to streams quicker than perhaps 
what it can channel out, causing the river to swell and overflow and eventually flooding 

nearby areas. 
 
Evapotranspiration  

Evapotranspiration refers to the combined evaporation and transpiration processes. Both 
refer to the loss of moisture in vapor form in the atmospher e, the former from any surface, 
while the latter through plant stomates or lenticels. This component of the precipitation is 

measured using established equations (e.g., Penman) or through instrumentation 
(evaporation pan).  

 
Water balance  
 

The term water ba lance simply refers to the partitioning of precipitation into its various 
components. It is simply determining how much of the precipitation actually became runoff, 

helps in the groundwater recharge, or evaporated through evapotranspiration. In equation 
form, it is presented as:  
 

P = Q + ET + ǧS 
 

Where: 

 P  = Precipitation  
 Q = Stream flow  

 ET  = Evapotranspiration 
 ǧS  = Change in soil or bedrock storage  
 

The water balance equation is useful in understanding the movement of water in a 
watershed. Similarly, learning how the precipitation is partitioned into the different 

components (e.g., % of water that becomes part of stream flow) in a watershed can tell us 
the characteristic of the watershed. How these components changes with the alteration of 
the land use or management strategy in a watershed will also tell us of its effectiveness.  
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Stream flow measurement/Stream gauging  
 

The determination of water yield from a watershed requires either an instantaneous 
measurement of stream flow from its main tributary or setting up instrumentation that will 

record and monitor stage height for long term purposes. Obviously, the data that will be 
gathered through this is also one of the inputs needed in the water balance equation.  
 

STREAM INSTRUMENTATION  
 
The choice for stream gauging is dependent on the size of the stream to be monitored. 

Some of the choices are as follows: 
 

 
 
a. Weir  

 
Weir is a structure that forces water to flow through and over a simple geometric cross -

section for which the flow hydraulics ar e known (Figure 1). The notch is either triangular (V -
notch) or rectangular in shape. A corresponding equation is used for each shape.  
 

 
 

Figure 1. A 90o V-notch weir installed in a gully to measure storm flow volume  
 during rain events. 

  
b. Flume  
 

Flume is similar to a weir in a way that it forces water in a geometric cross -section. 
However, this device has an extension that converts turbulent flow to laminar flow prior to 

passing in the geometric cross-section. Flumes also come in various shapes and sizes. The 
most popular are the H-flume and the Parshall flume (Figure 2).  
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      (a)           (b)  
 
 

Figure 2. An H flume (a) and Parshall flume (b), for streamflow measurement.   
(Source: Hudson, 1993) 

 

 
  

c. Stage height recorder  
 
Water level or stage height recorders are needed since water depth is one of the 

parameters needed to calculate watershed discharge. In some cases, a calibrated meter is 
placed in the side of weirs/flumes or any other device and a regular personnel records the 

stage height at various times in a day. Nowadays, sophisticated instruments with built -in 
recorders are placed beside these devices for continuous recording of stage height at 
certain time interval (Figure 3). Some of these instruments also have data transmittal 

capability to send data automatically to a base station for real -time monitoring of water 
level in a watershed. This is quite useful especially in areas that are prone to flashfloods, 
where a significant increase in stage height should trigger an early warning syst em/device 

to warn the populace.  
 

 
 
 

 
 

 
 
 

 
 
 

 
 

 
 
 

 
 

Figure 3. A pressure transducer for monitoring water level in a well or stream.  
(Source: http://www.inmtn.com/HOBO_Water_Level_Logger.html)  
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d. Flow meter  

 
A flow meter is a device that measures the rate  of water flow in a tributary. The flow rate, 

coupled with the stage height, determines stream discharge. The determination of the rate 
of water flow need not be sophisticated. It should however, be accurate. Some crude 
techniques for measuring flow rate include the use of a floating material, like a ñping pongò 

ball or a dye. In both techniques, a relative straight stream section of known distance is 
selected and the material is drop on the upstream end and timed until it reaches the other 
end in the downstream section. A more accurate method is the use of a flow meter (Figure 

4). If properly used and calibrated, it can give better stream flow rates. Old models make 
use of cups or propeller to measure rate. Nowadays, the Doppler technology is also used for 

measuring this value (Figure 5). During measurements, one reading is taken if the river is 
shallow. Two measurements, at the 0.2 and 0.8 section of the total depth, are determined 
for deep streams. 

 

 
 

Figure 4. Old types of flow meter for measuring stream flow rate. (Source: Hudson, 1993)  
 
 

 
 

 
 
 

 
 
 

 
 

 
 
 

 
 

 
Figure 5. Acoustic Doppler Velocimeter for measuring stream flow rate. (Source: 

http://water.usgs.gov/edu/images/streamflow2 -4.jpg)  
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Watershed Discharge 
 

A watershed discharge is calculated using the formula: 
 
Q = VA 

 
Where  Q = Discharge (m3 s-1) 
  A = Stream cross sectional area (m2) 

  V = Stream velocity (m s -1) 
 

 
 

Figure 6. Determination of stream discharge from a stream.  (Source: 
http://water.usgs.gov/edu/images/streamflow2 -1.gif)  

 
 
Rating Curve 
 

A rating curve is a graph showing the relationship between stage height and stream 
discharge (Figure 7). This graph is established so that the tedious measurement of stream 

flow rate is avoided. Using the prepared graph for a watershed, a discharge can be 
determined at a particular stage height, a parameter that is easy to measure from the 
stream. To develop a rating curve, several measurements of discharge (flow rate and stage 

height) have to be performed at various stage heights in order to develop the curve. The 
range should cover low flow and high flow volume. In some instances, even the sediment 

concentration at various water levels is incorporated in the rating curve (sediment rating 
curve). For ease of measurement and if applicable, it is recommended to install weirs or 
flume, where equations for determining stream discharge at different stages have been 

established.  
 
 



P a g e | 21 

 

 

 
 

 
 

 
 
 

 
 
 

 
 

 
 
 

 
 

Figure 7. An example of a rating curve, a graph showing the relationship between stage 
height and stream discharge. (Source: Hudson, 1993) 

 

 
WATER QUALITY  

 
Water quality refers to the overall characteristics of water, covering the biological, physical, 
and chemical properties. The state of water is very important in a watershed as it impacts 

its potential use, the biological resources that are dependent on it , and the amount of 
processing it needs to enhance its suitability for a certain use. The water quality is also 
indicative of the condition of the watershed. In some instances, contaminated water is a 

result of point sources of pollution, e.g., piggeries t hat directly dump its wastewater to the 
river. In other cases, the source of contamination is unknown, and is referred to as non -

point sources. Regardless, both conditions should raise a red flag that should alert 
watershed managers and put them into actio n.  
 

The following are the parameters that determine water quality:  
 
Physical components 
 
a. Total suspended solids (TSS)  - a measure of the concentration of suspended 

sediments in water. An indicator of the degree of erosion that is taking place or has 
taken place in the watershed. Measured through water sampling and filtration technique.  

b. Temperature  ï the hotness or coldness of water in the stream. It can affect biological 

organisms directly and indirectly. Some aquatic organisms are sensitive to temperature 
during the breeding stage. Temperature affects the amount of dissolved oxygen in water. 

Measured using portable multi-parameter instruments. 
c. Turbidity ï refers to the clarity of water. It impacts the amount of sunlight a stream 

receives. Similarly, it determines the depth the sunlight reaches. Turbidity is measured 

using a Secchi disk or a turbidity meter.  
  

Chemical components 
 
a. pH  ï a measure of the alkalinity or acidity of water. Highly impacts aquatic organisms 

and solubility of nutrients in water. Mea sured using a pH meter. 
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b. Dissolved oxygen (DO) ï amount of oxygen present in water. It affects aquatic 
organisms from micro to macro level. Measured using a DO meter. 

c. Biological oxygen demand (BOD)  ï a measure of the amount of oxygen bacteria will 
consume while decomposing organic matter under aerobic conditions. It affects the 

amount of DO in water. Measured by taking samples in the field and analyzed in the 
laboratory. 

d. Dissolved solids  ï refers to the amount of dissolved nutrients in water, as total 

dissolved solids (TDS). Measured using a conductivity meter. 
e. Nutrient concentration/toxins  ï refers to the presence or absence of a chemical 

contaminant, one that exceeds the safe level. It is of great significance in determining 

the usefulness of water and the  health of the aquatic ecosystem. Measured by taking 
samples in the field and analyzed in the laboratory.  

 
Biological components 
 
a. Pathogens  ï refers to the biological contaminant that poses serious health concern. 

Measured by analyzing fecal coliform count, specifically Escherichia coli species, from the 

water sample. 
b. Exotic species  ï refers to non-native aquatic organisms that were introduced in the 

river/lake system. Normally of concern since it creates havoc to the overall health of the 

aquatic ecosystem.  
 

Water samplers and water quality meters 
 
For long term watershed monitoring like a watershed experiment, automatic water samplers 

and water quality probes are installed. Popular brands include the ISCO and the Global 
Water samplers (Figure 8). These equipment are capable of collecting samples at the userôs 
preferred amount and time interval. Several water sample bottles are also built -in to 

facilitate collection. Normally, the user collects and replaces each bottle during site visit. 
Multi-parameter water quality probes and flow/stage height meter can also be attached to 

its data recorder for monitoring purposes. This device can also be set to collect data at a 
specified time interval. 

 

 
  

 
 
 

 
 
 

 
 

 
 
 

 
 

 
Figure 8. Examples of portable water samplers for watershed monitoring. 
(Sources: http://www.isco.com/products/products3.asp?PL=201101010, 

http://www.globalw.com/images/products/ws750.jpg)  










































































































































































































































































































































