


Introduction

Hydrologic cycle (HC) is a fundamental
concept in hydrology

Many cycle operate in nature — carbon cycle,
nitrogen cycle, bio-geo-chemical cycles

HC the pathway of water as it moves In Iits
various phases to the atmosphere, to the
earth, over and through the land, to the
ocean and back to the atmosphere

HC has no beginning or end



Hydrologic Cycle

HC Is also known as Water Cycle

It considers the process of motion, loss and
recharge of the earth’s water

It connects the atmosphere and two storages
of the earth system: the oceans, and the land
sphere

Water Is a very good solvent and
geochemistry is an integral part of the HC

HC Is the integrating process for the fluxes
of water, energy and the chemical elements






Periods of Water Resources renewal on Earth

Water of hydrosphere Period of renewal
World Ocean 2500 years
Ground water 1400 years
Polar ice 9700 years
Mountain glaciers 1600 years
Ground ice of permafrost zone 10000 years
Lakes 17 years
Soil moisture 1 year
Channel network 16 days
Atmospheric moisture 8 days

Biological water Several hours



Range of spatial and temporal dimensions of
some process related to HC
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Sub-systems of Hydrologic Cycle

HC can be sub-divided into three major
systems:

Oceans major reservoir and source
of water

Atmosphere  functioning as carrier
and deliverer of water

Land as the user of water



Components of Hydrologic Cycle

Major components of HC:
Precipitation
Interception
Depression storage
Evaporation
ranspiration
Infiltration
Percolation
Moisture storage In unsaturated zone
Runoff




Impacts of Climatic Change on HC

 Analysis of measured data series as well as paleo-
climatological records suggests that earth’s climate
may be undergoing a significant change
 Climatic change will have important impacts on
HC
« Change may be taking place due to natural and
human causes
 Major changes that could affect climate are
Changes In vegetation,
Increased withdrawal of water,
Burning of fossil fuels, and
Industrial activities



Role of Humans in Hydrologic Cycle

Natural Processes

AtMOos-
phere > Earth - Humans
Surface | :




Impacts of Climatic Change on HC

Incidence of global warming is likely to lead to

Higher evapotranspiration,

Changes In precipitation pattern,
Timing & distribution of precipitation,
Melting of polar ice caps, and
Recession of glaciers

Another possibility Is that increase In temperature
may mean more precipitation, some of which will

be In the form of snow at the poles, leading to an
additional accumulation of ice



Why study hydrology ?

rban Ares



Why study hydrology ?

To understand global fluxes
To understand global circulation patterns
To understand global climate trends

Conflict avoidance




Why study hydrology ? =

At Local Scale

Weather forecasting

Construction of WRD projects

Improved operation of projects

Utilization of water for societal needs: M & |,
Irrigation, Hydro-power, Recreation,
Protection & improvement of environment and

ecology
To understand impacts of climate change



Why study hydrology ?

At Local Scale
Mitigation of natural hazards: floods, droughts,
tsunami, avalanche, land-slide




Precipitation Gauges

Precipitation Is a primary input of fresh water.

Precipitation is measured using a gauge which
consists of a collector to delineate the area of
the sample and a funnel leading to a storage

device.
Two types of rain gauges:
Ordinary rain gauge,
Recording rain gauge



Precipitation Gauges



Precipitation Measurement by
Weather Radar

 Weather radars were
developed to overcome
drawbacks of the
conventional
measurement of rainfall

A radar Is calibrated
using the data of rain
gauges



Processing of Precipitation Data

« Validation and preliminary processing of the

precipitation data is essential before It is put
to further use

e ODbjectives:
* To find gaps and inconsistent values in raw
precipitation data

e To fill the gaps and correct/flag inconsistent
data

* To find average values — spatial, temporal



Spatial Interpolation of
Precipitation Data

Arithmetic Average
Normal Ratio Method
Thiessen Polygon
Isohyetal Method



Arithmetic Average

e Simplest technique - take an arithmetic average of
observed depths at gauges within the area for time
period of concern

 Weighted average precipitation Is:

° PiW |

P — =1

n

P Is the average catchment precipitation from the
data of n stations, P is the precipitation at stationi,
and W, is the weight of i" station



Normal Ratio Method

Rainfall P, at station A is:

" NR A & p
i-—1 NR; |
n

Pa=

P, Is rainfall at surrounding stations, NR, Is normal
monthly or seasonal rainfall at station A, NRIs
normal monthly or seasonal rainfall at station I, aad n
IS number of surrounding stations whose data are &%




Thiessen Polygon

e Weights are assigned to each station according tbd
area closest to that station
e This area is found by drawing perpendicular bisectos of
lines joining nearby stations so that the polygonare
formed around each station. The weighted average
precipitation Is:
n
P = PiW,
i=1
W, = A/A; A Is area represented

by station I; A Is total catchment
area



Isohyetal Method

 RF values are plotted at their respective stations
on a map

« Contours of equal rainfall, called isohyets are
drawn

e Total depth of precipitation is computed by
measuring area between successive isohyets,
multiplying this by the average of two ishohyets,
and summing



Isohyetal Method

Average depth of precipitation @,) over this area is
obtained by

Pi Ai

A, Is the area between
successive Isohyets



Monsoons



Monsoons

* In Indian sub-continent, winds generally blow from
the southwest during half of the year and from the
northeast during the other half

« Reversal of direction is due to the effects of
differential heating as the Himalayan plateau heats
up during the summer, causing the air to rise and
be replaced by the warm, moist air from over the
Indian Ocean.



Monsoons — normal dates of onset



Monsoons

Bay of Bengal i1s a source of cyclonic systems of
low pressure called ‘monsoon depressions’ during
this season

They form In the northern part of BoB with an
average frequency of about 2 to 3 per month.
During latter half of September, SW monsoon
begins withdrawing from the north-western parts
of India

It withdraws from almost whole country by end
of September and Is slowly replaced by a
northerly continental airflow.



Monsoons



Global rainfall patterns

Yellow indicates the lightest rainfall, red the heaiest.
http://csc.gallaudet.edu/monsoon/definition/globalD.html



Regional rainfall patterns

Yellow indicates the lightest rainfall, red the heaiest.
http://csc.gallaudet.edu/monsoon/definition/globalD.html



Evaporation

An important component of HC

Rate of evap. depends on climatic variables, sucls a
Incoming solar radiation, air and water temperature
wind speed, and saturation vapor pressure deficit.

Evaporation pan is commonly used to measure the
depth of evaporation



Evaporation

Amount of evaporation between two observations of
water level in the pan is:

E=PxDd
P - depth of precipitation during intervening period
[ - depth of water added (+) to or removed (-) from pa

Depth of evaporation from a lake or reservoir (mm/cy)
ER = KP Epan

K Is the pan coefficient

E .n - Pan evaporation (mm/day)



Streamflow

Streamflow data are analysed to determine
Magnitude
Variablility of surface waters

These records are utilized In
Planning
Design
Operation of surface water projects
Design of bridges and culverts
Flood forecasting systems
Flood plain delineation



Streamflow

e Sections where river measurements are carried out
are known as stream gauging stations

* A network of these stations is established to colle
data about surface water resources of a region

e Location of gauging sites Is dictated by the purp@s
of data collection



Measurement of Stage

o Stages are measured wrt a recognized datum:
mean sea level or an arbitrary datum
 |f a datum selected, it should be below elevationfo
zero flow (to eliminate possibility of -ve gauges)
o Gauge height is usually expressed in hundredths or
thousandths of a meter
« Water level Is measured using a Vvariety of
equipment:
Staff gauges,
Water level recorders
Chart
Digital



Measurement of Discharge

Discharge

* Volume of water passing through a certain
section in a unit time period

e Is commonly expressed in cubic metres per
second (n¥/s or cumec) or cusec

 Measurement technigues can be classified into
two categories:

e Direct determination
e |ndirect determination



Direct Determination of Discharge

e Either discharge is directly measured or some
variable on which discharge depends is measured
« Commonly used methods are:
Velocity-area methods
Dilution techniques
Electromagnetic method, and
Ultrasonic method



Velocity-Area Method

 Involves measuring the flow area and velocity and
these are multiplied to get discharge

* Velocity of flow at a cross-section varies laterafl and
with depth

o Width of stream is divided into a number of verticd
portions

* Velocity Is measured at one or more points along
depth in each part



Moving Boat Method of Discharge

Measurement
Pre-
Boat| 1 selected
boat path a
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Computation of Discharge

Total area is divided into (n-1) segments
Total discharge (Q) Is calculated by method of mid-
section n
Q = (vi ai)
i=1
a;, = Individual partial cross-section area
v, = mean velocity in that area



Hydrograph

» A streamflow hydrograph is a graph of the time
distribution of water discharge at a location

 Hydrograph is plotted with discharge on the ordinak
(Y-axis) and time on abscissa (x-axis)

* A hydrograph for a given storm reflects the influerce
of all the physical characteristics of the drainagéasin

 To some extent, it also reflects the characterisscof
storm causing hydrograph

e A hydrograph can be considered a thumbprint of the
drainage basin



Components of Streamflow




A typical streamflow hydrograph




Elements of the Hydrograph

The elements of the hydrograph are:

Rising Limb: As surface runoff reaches the gauge,
water begins to rise in the channel. It continuesot
rise until it reaches a maximum discharge and after
this stage, water begins to recede. Rising portioof
hydrograph is calledrising limb.

Crest: The time interval of the greatest dischargeat
the peak of hydrograph is called the crest.
Recession LimbThe portion of the hydrograph

after peak is thereceding limb, recession curve, or
falling limb .




Elements of the Hydrograph
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Hydrograph Time Characteristics

Time to peak— Time
from beginning of rising
limb to peak discharge.
Time of concentration—
Time needed by a drop of
water falling at remotest
nlace to reach outlet.

_ag time - Time elapsed
petween center of mass
of effective RF and
center of mass of DSRO.




Rainfall Runoff Modelling

Hydrological models are essentially mathematical
models where the physical processes of hydrologic
cycle are described by a set of mathematical
equations, logical statements, boundary conditions
and Initial conditions, expressing relationships
between Iinputs, variables and parameters.
Hydrological models may be broadly classified in
three groups:

(1) Black box models

(i) Conceptual models

(ln)Physically based models



Rainfall Runoff Models

Empirical or black box models are input output
based
Q =1lA, RE(t), RF(t-1)]

 Within range of calibration, these may be highly

successful
For extrapolation, use with caution

Conceptual models use conceptual elements
(storages) to represent components of HC
Parameters are calibrated using trial & error or
optimization

These occupy an Intermediate position between
physically based and empirical approach




Rainfall Runoff Models

Physically based models are based on our
understanding of physics of hydrologic processes
which control catchment response.

These use physically based equation to describe
catchment processes.

Such models can simulate complete runoff regime,
orovide multiple outputs (e.g. river discharge,
ohreatic surface level and evaporation loss).

Require special expertise to apply.

Can provide answers to many questions that other
models cannot.




Unit Hydrograph

A UH is a hydrograph of surface runoff resulting
at a given location on a stream from aunit rainfall
excessoccurring In unit time uniformly over the
catchment area up to that location

A UH iIs a hydrograph of direct surface runoff
(DSRO), not total runoff;

RF excess represents total RF minus losses
(abstractions);

During unit time period, RF excess Is assumed to
occur uniformly over catchment;

Typical unit times used in UH analyses are 1, 2, 3,
6, 8, and 12 hours. Beyond this, time period Is
generally taken as an integer multiple of 24 hours



More on UH

 UH concept Is based on linear system theory

e Shape of a UH depends on physiography of the
catchment, viz., shape, slope, vegetation, soll
type, etc.

o |If catchment size is > 5000 sg. km, it should be
sub-divided In smaller basins before UH Is
developed

« UH are widely used for design flood studies,
and RF-RO modelling

e Synthetic UH are developed where measured
data to develop UH are not available




Determination of UH

Example: A thunder-storm of 6-hr duration with
rainfall excess of 154 mm produces the following
surface runoff hydrograph:

Date June 15, 1988 June 16, 1988 June 17, 1988

Time (Hrs) | 0600 1200 1800 M.N.| 0600 1200 180ONM.| 0600 1200 1800 M.N.

DSRO (n/s) 10 500 1600 3500 5200 3100 1500 6%0250 0 0 O

Find the ordinates of 6 hr UH of unit volume equalto
100 mm



Determination of UH

Since PE = 154 mm and (), = 100 mm, ordinates of
UH are obtained by dividing DSRO ordinates by facto
F=154/100 = 1.54

Date Time Direct surface runoff | 6-hr 100 mm UH (ns)
(Hrs) (m*s) Q QIF
June 15 0600 10 7
1200 500 325
1800 1600 1039
2400 3500 2212
June 16 0600 5200 3377
1200 3100 2013
1800 1500 974
2400 650 422
June 17 0600 250 162
1200 0 0
1800 0 0




Water Balance

Quantities of water going through various
components of hydrologic cycle can be evaluated by

water balance equation:
|-Q =D6

| and Q = inflow and outflow of water to a given

area during any given time period
DS = change in storage of water in given area during

time period.



Water Balance

Water balance equation for a watershed
P+ Qg+ Qg -E-Qso-Qgo-D5-e=0

P = precipitation,

Qg, = surface inflow,

Qg = ground water inflow,

E = evaporation from the watershed,

Q<o = surface water outflow,

Qgo = ground water outflow,

DS = change in storage of water in watershed,

e= discrepancy term (because sum of all other
terms may not be O due to errors and/or assumptions

For large watersheds, Q, & Q ;o may be negligible



Global Water Balance

Land Surface

« Annual average depth of precipitation on land
surface is about 108*18km?

e About 61*10% km?3is returned to atmosphere as ET

RO from land to oceans is 47*1®km?

Water balance of oceans

e Depth of precipitation over them 410,000 kr#
RO from land 47,000 kn? of water

e Evaporation = 457,000 ki



Water on Earth

Total water 1,386 million km?®
Fresh water 35 million km3
Antarctica ice 21.6 million km3

Ground water - Fresh |10.53 million km3

Rivers 2.12 million km3




Water Balance of a basin

Year Rainfall (mm) | Runoff (mm) P E (mm) BF RO
(mm) | Coeff.
Mons | Non- | Mons| N- | Mons| N-Mon
Q3 (Qll Pl)
P, |[Mons| Q; | Mon | PE PE,
P2 QZ
1982-83 [918.9 |29.6 [436.2|15.3 |376.3 |632.9 |13.5 0.47
1983-84 |1221.5|107.5|598.6|55.5 |375.8 |649.9 |32.5 [0.49
1984.85 |1045.8 |84.9 |615.5|26.9 |339.6 |[666.7 |15.0 [0.59
1985-86 |1053.6 |122.3|736.8|27.2 |377.8 |617.5 [18.8 |[0.70
1986-87 |896.6 |223.21920.3|31.4 |385.4 |525.6 |18.9 [1.03
1987-88 |1262.0 | N.A. |828.5|N.A. |363.1 | N.A. N.A. | 0.66




Comparative description of 2 basins

Yellow River basin Indus - Garggbasin



Ganga basin

Ganga River (known as Ganga-Padma River In
Bangladesh) originates in Central Himalayas
Flows for 2,525 km to Bay of Bengal. It is 20th
longest river in Asia and 41st longest in world
Basin Is formed by a 200 to 300 km wide plain,
bordered by mountains and highlands on three
sides

Many tributaries join Ganga and drain
Northern part of India and Bangladesh

Major tributaries are Ghaghara, Yamuna, Son,
Gomti, and Chambal



Ganga basin



Ganga basin areas

Catchment of Ganga falls in 4 countries,
India, Nepal, China, and Bangladesh
Delta of Ganga (56,700 k) begins at
Farakka

Ganga basin covers an area of 1,086,000
km<. Drainage area in India is 862,769
km? (26.2% of geographical area of India)
Tributaries (Ghagra, Gandak, Kosi, ...)
drain 190,000 kntarea in Nepal



Indo-Ganga basin — mean annual RF



Ganga basin flows

Average annual discharge of Ganga,
Brahmaputra, and Meghna rivers is 16,650,
19,820, and 5,100 Afs

Average annual flow of Ganga at Farraka Is
about 5.25x10 Mm3

At Goalundo, average annual flow of Ganga Is
11,470 nd/s

Maximum and minimum flow at Goalundo is
70,934 and 1,161 rfs

Peak flow at Farakka in 1971 was estimated at
70,500 nd/s



Annual flow of Ganga at Farakka

Annual Volume (Kin
89 8 8§ g 8 8 H
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Indo-Ganga basin — canal irrigation



Indo-Ganga basin- Salinity and
Arsenic-affected groundwater



Water availability — Indus-Ganga Basin

Per capita water availability in Indo-Gangetic basinunder
projected water demand by 2025 will be reduced sudiat it will
become water stressed (per capita water availabijit< 1700 nJ)

Water resources potential and availability of IGB n India

Water Resources Indus Ganga |Total IGB
(India)

Average annual surface watef 73.3 523.0 596.3

potential (km?)

Estimated utilizable flow 46.0 250.0 296.0

excluding ground water (kmd)

Total replenishable ground |26.5 171.0 197.5

water resources (knj)

Per capita availability (m?) 2382 1951 2166.5




Yellow River Basin

Yellow River basin (YRB) has a drainage area
of 795,125 kmi situated in Central China
Yellow River originates in Qinghai and Sichuan
and flows through Gansu, Ningxia, Nel
Monggol (Inner Mongolia) and along
boundaries of Shanxi and Shaanxi and finally
through Henan &Shandong provinces before
joining Bohai Sea (Yellow Sea)

YRB stretches from BayankalaMountain in the
west to Bohal Sea In east, from Yinshan
mountain in north to Qinling mountain in south
YRB is home to over 171 million people, which
IS over 14 % of China’s total population



Yellow River Basin



Yellow River Basin

Yellow River basin (YRB) has a drainage area
of 795,125 km situated in Central China

Total renewable water resources for YRB are
estimated at 66.1 BCM

Upper, middle, and lower sub-basins contribute
33.5, 28.5 and 4.1 BCM, respectively

GW accounts for only 17.2 BCM

In year 2000, YRB had 48.4 BCM of utilizable
water: 35.0 BCM river water, 10.7 BCM GW,
and 2.7 BCM GW abstracted outside basin
Depletion from human withdrawal accounted
for 36.6 BCM or 76% of basin utilizable



Yellow River Basin - population



Yellow River Basin — land cover



Yellow River Basin

Agricultural sector dominates water use In
YRB, accounting for more than 80% of total
withdrawals in 2000.

As demand for industrial use increases, an
appreciation of environmental water needs
grows, and supplies reach their limit, there Is
Increasing pressure to reduce agricultural
water withdrawal and increase efficiency.
YRB has 46% of its arable lands irrigated,;

> 0.5 of It Is located In 4 large irrigation dists.
(Ningxia, Fenwel, Hanan, and Shandong).



Water Used(bcm)

Yellow River Basin — water use trend
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Adjustment of Data

The adjustment of data has two principal objectives

1. To make the record homogeneous with a given

environment
2. To eliminate or reduce extraneous influences by

correcting for change in gauge location or exposure

An adjustment for these errors is made bypouble Mass
Analysiswhich is a graphical method

slopeof laterperiod
slopeof earlierperiod

Adjustedprecipitaton = Rawprecipitaton*



