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GEO 196.2: PHYSICAL AND SOCIAL THEMATIC MAPPING

1 Morphometry and Drainage Network Analysis
5 Mapping of farming practices: Crop-combination, diversification and
cropping intensity.
3 Mapping of social vulnerability and social disparities, ethnic mapping.
4 Estimation and Mapping of Social Well-being, HDI, GDI, GEM.
5

Estimation of Human Poverty Index — (HPI-I and II) for developed and
developing countries.

Unit- 195.1: HYDROLOGICAL TECHNIQUES

1. POINT RAINFALL ANALYSIS:

Watershed (also called drainage basin or river basin) is the land area where rainfall runs off
into streams, rivers, lakes, and reservoirs. It is a land feature that can be identified by tracing
a line along the highest elevations between two areas on a map called ridge. From the ridge,
the direction of runoff flow when rain falls is opposite, that is, one is going outwards and the
other is inwards as indicated by the arrows in Figure 1. Hence, a watershed is also called
catchment area. With all other factors equal, the size of the river in the watershed is indicative
of the watershed area, that is, the larger the watershed, the wider or bigger the river is. In a
watershed, point rainfall analysis (PRA) is used to determine the mean amount of rainfall,
and the spatial or areal distribution of rainfall.

Station A
0.55"

Station C Sh::hor:: D
8 zx3" .90
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A single point rainfall measurement is often not representative of the amount of
rainfall falling over a very large catchment area. A network of rain gauges as shown
in Figure 2 can provide a better representation of the true amount over a given large
area. The data gathered in these various points are analyzed and converted to spatial
or areal estimates using any of the following PRA techniques, such as: (a) arithmetic
mean; (b) Isohyetal analysis; and (c) Thiessen polygon (NOAA, n.d).

a. Requirements:

1 pc Ball pen

1 pc scientific calculator
1 pair Scissors

2 pcs graphing paper
b. Procedure

Arithmetic Mean Method

This technique calculates areal rainfall using the arithmetic mean of all the points or areal

measurements considered in the analysis.

R = (ZR)/n
Where: R Mean rainfall
¥ Summation sign which means add all individual observations
Ri Rainfall observation at point i
n Total number of rain gage observations

To illustrate the calculation of mean rainfall using arithmetic mean method, let us consider
the gagged watershed in the above Figure. The step-by-step procedure is, as follows:

Step 1: Compute for the mean rainfall of the watershed in Figure 2 using Equation 1, thus:
R =(Rat R+ Rc+ Rp+ Rg)/n
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=(0.55"+0.87"+2.33” +5.40” + 1.89”)/5
= 2.21 inches x 25.4 mm/inch

=56.1m

Step 2: Interpret result

The interpretation would be “Therefore, the mean rainfall in the gagged 5,000 ha watershed
using arithmetic mean method is 56.1 mm.

Isohyetal Analysis Method

This is a graphical technique which involves drawing estimated lines of equal rainfall over an area
based on point measurements. The magnitude and extent of the resultant rainfall areas of coverage are
then considered versus the area in question in order to estimate the areal precipitation value.

To illustrate the calculation of mean rainfall using isohyetal analysis method, let us consider again the
gaged watershed in Figure 2 above. The step-by-step procedure is, as follows:

Step 1: trace on a graph paper the map of the watershed
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Step 2: Draw lines of equal rainfall.

The line of equal rainfall is called isohyets or isohyetal line, which is equivalent to a
contour line for equal slope. In Figure 3 above, the isohyetal lines are colored red with
corresponding rainfall magnitudes of 0.5 inch, 1 inch, 2 inches, 3 inches, 4 inches, and 5
inches. Note the distance of these isohyetal lines relative to the observed rainfall
magnitudes of two adjacent stations. Note also that with these isohyetal lines the whole
watershed is consequently sub-divided into several sub-areas.

Step 3:

For each sub-area, count the number of grid squares bounded by the isohyetal lines. For
our example, the results are shown in Table below.

sub-area (A) Boundary R e

Al Abave isohyetalline (1L 050 70
Az Between ILoso and ILico 22.0
Az Between IL1o0 and IL2oo 111
A4 Between ILzocand 1Lz 343
As Between ILago and IL4oo 10.5
As Between ILsoo and ILsoo 7.0
Az Right of ILsoo 15
As Below IL200 6.6

Total (Nx) 100.0

Step 4:

Determine the supposed area per grid square of the graphing paper by dividing the known
true area of the watershed by the total number of grid squares determined in Step 3, and

Compute the average precipitation using the given formula.

Ax = A1/Nx Here, At = 5,000 ha
Nx = 100.0 grid squares
Therefore, Ax= 5,000 ha/100.0 grid squares
= 50 ha/grid square of the graphing paper

Therefore, every grid square on the graphing paper is equivalent to 50.0 ha in actual area of
the watershed. With this information, we can now solve for the actual area of the sub-areas
A1 to As
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Step 5:

Determine the actual area of each sub-areas Ax to As using the following Equation,

Ai = (AX) (nx)
Where: Aj Actual area of sub-area i
Ax Supposed area per grid square of the graphing paper
nx  Number of grid squares bounded by the isohyetal lines

Table 2. Estimated actual area of sub-areas in Figure 3 and corresponding mean rainfall

Actual Area of Mean Rainfall in Sub-
Sub-area (Ax) Boundary Sub-areas in Figure 3 areas (R, in)
(Ai, ha)
Al Above isohyetal line (IL)o.so 350 0.50
Az Between lLoss and ILi oo 1,100 0.75
Az Between IL; o and Ilzgo 555 1.50
Az Between lLzocand ILzoo 1,715 2.50
As Between ILzoo and ILs.0o 525 3.50
As Between ILsoo and ILs.oo 350 4.50
A7 Right of ILs.oo 75 5.00
As Below IL2.00 330 2.00
Total (Ar) 5,000

Step 6: Estimate the mean rainfall in the watershed using following Equation.

R = [E(R) [A]]/AT

Where: R Mean rainfall in the watershed
Ri Mean rainfall in sub-area i
Ai Actual area of sub-area i

At Total area of the watershed

MIDNAPORE CITY COLLEGE 7



Geography Lab Manual Dept. of Pure & Applied Science

Using Equation 4:

[(Ri)(A1) + (R2) (A2) + (Rs)(As) + (Re) (As) + (Rs)(As] + (Re](As) + (R7) (A7) + (Re) (As)]

B =
Al

Substituting values from Table 2:
[(0.50")(350 ha) + (0.75")(1,100 ha) + (1.50™) (555 ha) + (2.50") (1,715 ha)

= + (3.50") (525 ha) + (4.50")(350 ha) + (5.00")(75 ha) + (2.00") (330 hal)]
R =

5,000 ha

=10,567.5 ha-inch/5,000 ha

= 2.11 inches x 25.4 mm/inch

=53.6 mm

Step 7: Interpret results.

“Therefore, the mean rainfall in the gagged 5,000 ha watershed using the isohyetal analysis

method is 53.6 mm
Thiessen Polygon Method

The Thiessen polygon method is another graphical technique which calculates station weights
based on the relative areas of each measurement station in the Thiessen polygon network.
The individual weights are multiplied by the station observation and the values are summed
to obtain the areal average precipitation. To illustrate the calculation of mean rainfall using
Thiessen polygon method, let us consider also the gagged watershed in above Figure. The

step-by-step procedure is, as follows:

Step 1
Construct polygons by drawing a line connecting all two adjacent rain gage stations.

These connecting lines are shown as dotted red line in the following Figure.

Step 2

Bisect the sides of the polygon. These bisecting lines are colored as blue in the following
Figure. Dotted red lines bisected by blue lines to form polygons covered by each station.

Step 3

MIDNAPORE CITY COLLEGE 8



Geography Lab Manual Dept. of Pure & Applied Science

Trace Figure b on a graphing paper. Then count the number of grid squares covered by each

polygon.
Table 3. Estimated number of grid squares per polygon in Figure é
Polygon (Px) Estimated No. of Grid Squares (nx)
Pa 17.6
Ps 22.8
Pc 24.2
Po 17.0
Pe 18.4
Total (Nx) 100.0
Step 4

Determine the supposed area per grid square of the graphing paper (Ax) using following
Equation.

Ax = At/Nx
Ax= 5,000 ha/100.0 grid squares
= 50 ha/grid square
Therefore, every grid square of the graphing paper is equivalent to 50.0 ha in actual area of
the watershed. With this information, we can now solve for the actual area of the polygons in
Figure.
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Step 5

Determine the actual area of each polygon Pa to Pe using following Equation,
Px= (AX) (nx)
Where: Px Actual area of polygon x
Ax Supposed area per grid square of the graphing paper
nx Number of grid squares of the polygon x

Table 4. Estimated actual area of polygons in Figure é and corresponding mean rainfall

Polygon Px) Actual Area (Ax) Mean Rainfall in Polygon (Rx)
Pa 880 0.55
Ps 1,140 0.87
Pc 1,210 2.33
Pp 850 5.40
Pe 920 1.89
Total(Ar) 5,000

Step 6

Estimate the mean rainfall in the watershed using following Equation

[ (Ra) (Aa) + (Rs) (Ae) + (Re) (Ac) + (Ro) (Ao) + (Re] (Ag) ]

R=
At
(Eq
Substituting values from Table 4:

_ [(0.55")(880 ha) + (0.87")(1,140 ha) + (2.33”)(1,210 ha) + (5.40")(850 ha) + (1.89")(920 hal)]
R =

5,000 ha
=10,623.9 ha-inch/5,000 ha

R = 2.12 inches x 25.4 mm/inch
=53.8 mm

Therefore, the mean rainfall in the watershed is 53.8 mm.
Step 7 Interpret result.

The interpretation would be “Therefore, the mean rainfall in the gaged 5,000 ha watershed in

the Thiessen polygon method is 53.8 mm.”
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2. Estimating infiltration using infiltrometer and other field techniques.

Drawing infiltration curve.

1.1 Infiltration:

Infiltration is the process by which water on the ground surface enters the soil surface.
Precipitation falling on the soil wets down and it starts penetrating into the soil. Water
restores to the formal level the soil moisture deficiency excess moving down by the gravity
force through percolation or seepage to build up the water table. The water is driven into the
porous soil by force of gravity. First the water wets soil grains and then the extra water moves

down due to gravitational force.

1.2 Infiltration Rate:

The infiltration rate is the velocity or speed at which water enters into the soil. It is usually
measured by the depth (in mm) of the water layer that can enter the soil in one hour. An
infiltration rate of 15 mm/hour means that a water layer of 15 mm on the soil surface will

take one hour to infiltrate.

In dry soil, water infiltrates rapidly. This is called the initial infiltration rate. As more water
replaces the air in the pores, the water from the soil surface infiltrates more slowly and
eventually reaches a steady rate. This is called the basic infiltration rate.

Table: Basic infiltration rates for various soil types.

Soil type Basic infiltration rate (mm/hour)
sand less than 30
sandy loam 20 - 30
loam 10- 20
clay loam 5-10
clay 1-5

The infiltration rate depends on soil texture (the size of the soil particles) and soil structure

and is a useful way of categorizing soils from an irrigation point of view.

1.3 Factors affecting Infiltration: Factors affecting infiltration depends on both

meteorological and many soil properties. These are
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Vi.

Vii.

viii.

Texture: The liquid moves very quickly in large pores of sandy soil than it does
through small pore in clayey soil. Texture plays main role in susceptible of soil
only when the organic matter is low.

Clay mineralogy: Some types of clay may develop cracks as they are dry. These
kinds of cracks may rapidly conduct water to the sub-surface once and the seal
shuts down once the soil becomes wet.

Vegetation: Soil covered with vegetation has grater infiltration than the barren
land. Because of the bacterial activities, dense forest may have good infiltration
rate than sparsely planted crops.

Physical Crusts: Physical crusts from when purely aggregated soil are subject to
the impact of raindrops and/or to ponding. Particles broken from weak aggregates
can clog pores and seal the surface, thus limiting water infiltration.

Soil Density: A compacted zone close to surface restricts the entry of water into
the soil and often results in Surface ponding. Increased bulk density reduces pore
space and thus the amount of water available for plant growth.

Biological crusts: Biological crusts can either increase or reduce the infiltration
rate. This affects the infiltration rate on many other factors, including soil texture.
Antecedent Moisture content: Infiltration mainly depends on the presence
moisture content in the soil. When compare to first day the second day will have
lesser infiltration rate because soil becomes saturated on the first day.

Human activities: When vegetation was done or a grass covering barren land has
the high infiltration rate. Whereas the other side the construction work, over
gazing of pastures and playgrounds reduce infiltration capacity of the area
considerably.

1.4 Methods of estimating infiltration:

The most common method to measure the infiltration rate is by a field test using a cylinder or

ring infiltrometer and by Ponding methods.

Techniques of uses ring infiltrometer:

a. Equipment requirements:

Shovel/hoe
Hammer (2 kg)
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iii. Watch or clock

iv. 5 liter bucket

V. Timber (75 x 75 x 400)

vi. Hessian (300 x 300) or jute cloth

vii. At least 100 liters of water

viii.  Ring infiltrometer of 30 cm diameter and 60 cm diameter. Instead of the outer
cylinder a bund could be made to prevent lateral water flow.

IX. Measuring rod graduated in mm. (e.g. 300 mm ruler)

b. Procedure:

Step 1:
Hammer the 30 cm diameter ring at least 15 cm into the soil. Use the timber to protect the
ring from damage during hammering. Keep the side of the ring vertical and drive the
measuring rod into the soil so that approximately 12 cm is left above the ground.

Step 2:
Hammer the 60 cm ring into the soil or construct an earth bund around the 30 cm ring to the
same height as the ring and place the hessian inside the infiltrometer to protect the soil
surface when pouring in the water.

Step 3:
Start the test by pouring water into the ring until the depth is approximately 70-100 mm. At
the same time, add water to the space between the two rings or the ring and the bund to the
same depth. Do this quickly.
The water in the bund or within the two rings is to prevent a lateral spread of water from the
infiltrometer.

Step 4:
Record the clock time when the test begins and note the water level on the measuring rod.

Step 5:
After 1-2 minutes, record the drop in water level in the inner ring on the measuring rod and
add water to bring the level back to approximately the original level at the start of the test.
Record the water level. Maintain the water level outside the ring similar to that inside.
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Step 6:
Continue the test until the drop in water level is the same over the same time interval. Take
readings frequently (e.g. every 1-2 minutes) at the beginning of the test, but extend the

interval between readings as the time goes on (e.g. every 20-30 minutes).

Note that at least two infiltration tests should be carried out at a site to make sure that the

correct results are obtained.

12 cm above soil surface

15 am into the soil

S

Figure: Infiltrometer

il. Ponding methods:

Procedure:

Ponds can be created using bunds or dykes around an area on the ground surface and operated

in the same manner and by using the same procedures discussed above for cylinders.

The ponding; method can be used in small basins and other larger ground surface areas to
evaluate the infiltration rates of a larger fraction of the field. The disadvantage of this

technique is that edge effects can be significant.

This problem can be overcome by giving special care to the sealing of the pond perimeter
with compacted clay or installing a plastic barrier. The operational and data gathering

procedures, including the forms for recording data, are the same as for cylinder infiltrometers.
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The application of the ponding; technique to furrows requires a slightly different infiltrometer
configuration. The total infiltration in a furrow consists of water moving laterally through the
furrow sides as well as vertically downward. Bondurant (1957) developed a 'blocked' furrow
infiltrometer which recognizes this special feature of furrows.

For silt and clay soils, the basic intake rate will generally be reached before the wetting fronts
of adjacent furrows meet in the soil between furrows and the buffering is probably not
necessary. In sandy soils, this may not be the case so the basic intake rate may be influenced
by the soil moisture distribution after the wetting fronts meet. Thus, the buffering would be

necessary to determine accurate readings.

Water Stage
Recorder

o -1

Valve - Reservoir

Sectl B -
ocHon B -B g tter
Wy, UTTOW

Buffer

VW’FWW

Measure
Furraw

Measure Furraow
»

1 -
T

Variable
fe———— 0.3 - 1.2 m —

Plan
Figure: Pond Methods

c. Data collection:

Table: data sheet for measurement of infiltration rate.

Water level
Reading on Time Cumulative reading Infiltration | Infiltration | Cumulative
the clock difference time Before | After | Infiltration rate rate infiltration
Filling | Filling
hr./min./sec. min. min. mm. mm. mm. mm/min mm/hour

MIDNAPORE CITY COLLEGE 15




Geography Lab Manual Dept. of Pure & Applied Science

Start =0 Start=0 Start=0

Column 1 indicates the readings on the clock in hours, minutes and seconds.

Column 2 indicates the difference in time (in minutes) between two readings.

Column 3 indicates the cumulative time (in minutes); this is the time (in minutes) since the

test started.

Column 4 indicates the water level readings (in mm) on the measuring rod: before and after

filling (see step 5).

Column 5 indicates the infiltration (in mm) between two readings; this is the difference in
the measured water levels between two readings. How the infiltration is calculated is

indicated in brackets.

Column 6 indicates the infiltration rate (in mm/minute); this is the infiltration (in mm;

column 5) divided by the difference in time (in minutes, column 2).

Column 7 indicates the infiltration rate (in mm/hour); this is the infiltration rate (in

mm/minute, column 6) multiplied by 60 (60 minutes in 1 hour).

Column 8 indicates the cumulative infiltration (in mm); this is the infiltration (in mm) since

the test started. How the cumulative infiltration is calculated is indicated in brackets.
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25. DRAWING OF INFILTRATION CURVE:

Dept. of Pure & Applied Science

Site location: Example Soil type: Loam Timedate....................
Water level
Reading on | Time Cumulative | reading Infiltration Infiltration | Cumulative
the clock difference | time Before | After | Infiltration | rate rate infiltration
Filling | Filling
hr. min. sec. min. min. mm. mm. mm. mm/min mm/hour | mm
Start =0 Start =0 Start=0
14 05 00 100 (100-92)
2 8 (8/2) =4.0 240
14 07 00 2 92 100 8
(100-93)
3 7 (713)=2.3 140
14 10 00 5 93 99 15
(99-89)
5 10 (10/5)=2.0 | 120
14 15 00 10 89 101 25
(101-84)
10 17 (17/10)=1.7 | 102
14 25 00 20 84 100 42
(100-89)
10 11 (11/10)=1.1 | 66
14 35 00 30 89 102 53
(102-95)
10 7 (7/10)=0.7 | 42
14 45 00 40 95 101 60
(101-92)
20 9 (9/20)=0.45 | 27
15 05 00 60 92 100 69
(100-91)
20 9 (9/20)=0.45 | 27
15 25 00 80 a1 8

Interpretation:

The basic infiltration rate can be determined from above Table. Column 7: the infiltration rate

in am/hour. Once the values of the Infiltration rate are constant, the basic infiltration rate has

been reached. In this example the basic infiltration rate is 27 mm/hour and was reached after

60 minutes. After 60 minutes the cumulative infiltration was 69 mm. After the first 60

minutes the infiltration rate is constant: 27 mm/hour. So after 120 minutes (2 hours) the

cumulative infiltration will be 69 + 27 = 96 mm (indicated on the graph with a dotted line).
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After 3 hours the cumulative Infiltration will be (96 + 27 =) 123 mm, etc. Once the curve has
been established it is possible to determine how long it will take to infiltrate a certain amount

of water. This is of course important to know when determining the irrigation time.

INFILTRATION CURVE

z

100

cumulative infiltration [mm)

23
$H s
3

cumulative time (min)

In the above Figure, the cumulative time (in minutes) is set out against the cumulative
infiltration (in mm) and a curve is formed. it can, for be observed that for the example soil
type takes 80 minutes to infiltrate approximately 78 mm of irrigation water.

3. Evaporation estimation: Use of evaporation pan and empirical equations using

climatic data.

1. Evaporation:

Evaporation is the process in which a liquid changes to the gaseous state as the free surface,
below its boiling point, through the transfer of energy.
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Evaporation is a cooling process- the latent heat of vaporization (~585 cal/g of evaporated

water) must be provided by the water body.

Rate of evaporation depends on- VVapour pressures at the water surface and the air above
Wind speed — Incident solar radiation

Atmospheric pressure — Quality of water

Air and water temperatures

Size of the water body

Vapour pressure — Rate of evaporation is proportional to the difference between the
saturation vapour pressure (SVP) at the water temperature and the actual vapour pressure in

the air

EL =C (ew _ea)
E, = rate of evaporation (mm / day)
C' =cons tan?

e, and e, are inmm of mercury

This equation is called Dalton’s Law of Evaporation

Temperature — Rate of evaporation increases with an increase in water temperature. Although
there is an increase in the rate of evaporation with increase in air temperature, a high
correlation does not exist between. For the same mean monthly temperature, evaporation

from a lake may be different in different months.

Wind — Wind helps to remove the evaporated water vapour from the zone of evaporation,

thereby creating greater scope for evaporation.

Rate of evaporation increases with increase in wind velocity up to some limit (critical wind
speed) and thereafter any further increase in wind velocity does not have any effect on the
evaporation rates. This critical wind speed value is a function of the size of the water surface
(large water bodies — high wind speeds)

Atmospheric Pressure — Other factors remaining the same, a decrease in atmospheric pressure
(as in high altitude areas) increases t evaporation rate.

Soluble salts — When a solute is dissolved in water, the vapour pressure of the solution is less
than that of pure water and hence it causes reduction in the rate of evaporation. The
percentage reduction in the evaporation rate approximately corresponds to the percentage
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increase in specific gravity. Under identical conditions evaporation from sea water is about 2-

3% less than that from fresh water

1.1. Estimation / Measurement of Evaporation

This is done by the following methods. Using evaporimeters, using empirical equation.

Types of Evaporators:

Evaporimeter:

These are pans containing water which are exposed to the atmosphere. Loss of water by
evaporation from these pans are measured a regular intervals (daily). Meteorological data
such as humidity, wind velocity, air and water temperatures, and precipitation are also

measured and noted along with evaporation.

An evaporation pan is used to hold water during observations for the determination of the
quantity of evaporation at a given location. Such pans are of varying sizes and shapes, the
most commonly used being circular or square. The best known of the pans are the "Class A"
evaporation pan and the "Sunken Colorado Pan". In Europe, India and South Africa, a
Symon's Pan (or sometimes Symon's Tank) is used. Often the evaporation pans are automated

with water level sensors and a small weather station is located nearby.
Procedures:

1. USWB Class A Evaporation Pan:

A pan of diameter 1210mm and depth 255mm. Depth of water is maintained between 18 and
20cm. The pan is made of unpainted GI sheet. The pan is placed on a wooden platform of
height 15cm above ground level to allow free air circulation below the pan. Evaporation is

measured by measuring the depth of water in a stilling well with a hook gauge.

2. 1Sl Standard Pan:

Specified by IS: 5973 and known as the modified Class a Pan. A pan of diameter 1220 mm
and depth is 255 mm. The pan is made of copper sheet 0.9mm thick, tinned inside and
painted white outside. The pan is placed on a square wooden platform of width 1225mm and
height 100mm above ground level to allow free air circulation below the pan. A fixed point
gauge indicates the level of water. Water is added to or removed from the pan to maintain the
water level at a fixed mark using a calibrated cylindrical measure. The top of the pan is
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covered with a hexagonal wire net of Gl to protect water in the pan from birds. Presence of
the wire mesh makes the temperature of water more uniform during the day and night.

Evaporation from this pan is about 14% lower as compared to that from an unscreened pan.

12200

Stitling well

1225 Sq

Figure: ISI Evaporation Pan

3. Colorado Sunken Pan:

920mm square pan made of unpainted GI sheet, 460mm deep, and buried into the ground
within 100mm of the top. Main advantage of this pan is its aerodynamic and radiation
characteristics are similar to that of a lake. Disadvantages are difficult to detect leaks,

expensive to install, extra care is needed to keep the surrounding area free from tall grass,
dust etc.

— Water level
‘ \ same as GL.
50 \ . GL
l 77RY Y — 772
S ' = y
460 4 .
: H
e ’
4 /
- 920 Sq -
Figure: Colorado Sunken Pan

4. USGS Floating Pan:

A square pan of 900 mm sides and 450 mm deep. Supported by drum oats in the middle of a
raft of size 4.25m x 4.87m, it is set afloat in a lake with a view to simulate the characteristics
of a large body of water. Water level in the pan is maintained at the same level as that in the
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lake; leaving a rim of 75mm. Diagonal bases are provided in the pan to reduce surging in the
pan due to wave action. Disadvantages — High cost of installation and maintenance, difficulty

in making measurements.

Water level in pan
N\
e i
' H 253
s 1
GL = 150
1210 Dia. __..4 \ r
Wooden
support (SQ)
Figure: USGS Class A Evaporation Pan

Pan Coefficient:

Evaporation pans are not exact models of large reservoirs. Their major drawbacks are the

following:

They differ from reservoirs in the heat storage capacity and heat transfer characteristics from
the sides and the bottom (sunken a floating pans aim to minimize this problem). Hence
evaporation from a pan depends to some extent on its size (Evaporation from a p of about 3m
diameter is almost the same as that from a large lake whereas that from a pan of about 1m
diameter is about 20% in excess of this). The height of the rim in an evaporation pan affects
wind action over the water surface in the pan. Also it casts a shadow of varying size on the
water surface. The heat transfer characteristics of the pan material are different from that of a
reservoir. Hence evaporation measured from a pan has to be corrected to get the evaporation

from a large lake under identical climatic and exposure conditions.
Lake Evaporation = Pan Coefficient x Pan Evaporation

Table: Values of Pan Coefficients

Sl No. Types of Pan Average Value Range

1 Class A Land Pan 070 0.60 - 0.80
2 ISI Pan (Modified Class A) 0.80 0.65- 110
3 Colorado Sunken Pan 078 075~ 0.86
1 USGS Floating Pan 0.80 070 - 0.82
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Evaporation pans are normally located at stations where other hydro-meteorological data are

collected.

1.3 Empirical equations:

Most of the available empirical equations for estimating lake evaporation are a Dalton type

equation of the general form

E; =K f(u)(e, —¢,)

E, = lake evaporation (mm [ day)

e, = saturation vapour pressure at the water surface
temperature (mm of merucry)

e, = actual vapour pressure of the overlying air
at a specified height (mm of merucry)

[ (u)= wind speed correction function

K = coefficient

e, is measured at the same height at which wind

speed (u)is measured
(1) Meyer’s Formula

E; =K = el
L u (e, ea)[ 16]

E; =lake evaporation (mm / day)
e, = saturation vapour pressure at the water surface

temperature (mm of merucry)
e, = actual vapour pressure of the overlying air

at a specified height (mm of merucry)
ug = monthly mean wind velocity (kmph) at a height of

9m abovethe ground
K, = coefficient accounting for other factors

(0.36 for larg e deep waters and0.50 for small shallow lakes)

(2) Rohwer’s Formula
Accounts for the effect of pressure in addition to the wind speed effect

E; =0.771(1.465-0.000732 p,)(0.44 + 0.0733u, ) (e, —¢,)
P, = mean barometric pressure (mm of mercury)
uy = mean wind velocity in kmph at ground level
(taken as the wind velocity at 0.6m height above the ground)
E;,e, , and e, are as mentioned earlier
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4. Runoff and discharge estimation: curve number methods for estimating
runoff: area-velocity method for discharge estimate

Area velocity method:

The velocity—area method for the determination of discharge in open channels consists of
measurements of stream velocity, depth of flow and distance across the channel between
observation verticals. The velocity is measured at one or more points in each vertical by
current meter and an average velocity determined in each vertical. The discharge is derived
from the sum of the product of mean velocity, depth and width between verticals. The
discharge so obtained is normally used to establish a relation between water level (stage) and
stream flow. Once established, this stage-discharge relation is used to derive discharge
values from records of stage at the gauging station

Procedure:

Step 1

Discharge, or the volume of water flowing in a stream ove