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UNIT | HYDROLOGY AND WATER
RESOURCES

Lesson 1 The Hydrologic Cycle

Water on the earth is always changing. Its repeating changes make a cycle. As water goes
through its cycle, it can be a solid (ice), a liquid (water), or a gas (water vapor). Ice can
change to become water or water vapor. Water can change to become ice or water vapor. Water
vapor can change to become ice or water.

How do these changes happen? Adding or subtracting heat makes the cycle work. If heat
is added to ice, it melts or vapors. If heat is added to water, it evaporates.

If heat is taken away from water vapor, it condenses. Condensation turns water vapor into
a liquid. If heat is taken away from liquid water, it freezes to become ice.

In the hydrologic cycle, water from oceans, lakes, swamps, rivers, plants, and even you,
can turn into water vapor. Water vapor condenses into millions of tiny droplets that form
clouds. Clouds lose their water as rain or snow, which is called precipitation. Precipitation is
either absorbed into the ground or runs off into rivers. Water absorbed into the ground is taken
up by plants. Plants lose water from their surfaces as vapor back into the atmosphere. Water
that runs off into rivers flows into ponds, lakes, or oceans where it evaporates back into the
atmosphere. The cycle continues.

There are six important processes that make up the water cycle. These are:

1 Evaporation

Evaporation is the process where a liquid, in this case water, changes from its liquid state
to a gaseous state. Liquid water becomes water vapor. Although lower air pressure helps
promote evaporation, temperature is the primary factor. For example, all of the water in a pot
left on a table will eventually evaporate. It may take several weeks. But, if that same pot of
water is put on a stove and brought to a boiling temperature, the water will evaporate more
quickly.

During the water cycle some of the water in the oceans and freshwater bodies, such as
lakes and rivers, is warmed by the sun and evaporates. During the process of evaporation
impurities in the water are left behind. As a result, the water that goes into the atmosphere is

cleaner than it was on earth.
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2 Condensation

Condensation is the opposite of evaporation. Condensation occurs when a gas is changed
into a liquid. Condensation occurs when the temperature of the vapor decreases.

When the water droplets formed from condensation are very small, they remain suspended
in the atmosphere. These millions of droplets of suspended water form clouds in the sky or fog
at ground level. Water condenses into droplets only when there are small dust particles present

around which the droplet can form.
3 Precipitation

When the temperature and atmospheric pressure are right, the small droplets of water in
clouds form larger droplets and precipitation occurs. The raindrops fall to earth.
As a result of evaporation, condensation and precipitation, water travels from the surface

of the earth goes into the atmosphere, and returns to the earth again.
4  Surface Runoff

Much of the water that returns to the earth as precipitation runs off the surface of the land,
and flows down hill into streams, rivers, ponds and lakes. Small streams flow into larger
streams , then into rivers, and eventually the water flows into the ocean.

Surface runoff is an important part of the water cycle, because through surface runoff much

of the water returns again to the oceans, where a great deal of evaporation occurs.
5 Infiltration

Infiltration is an important process where rainwater soaks into the ground, through the soil
and underlying rock layers. Some of this water ultimately returns to the surface at springs or in
low spots downhill. Some of the water remains underground and is called groundwater.

As the water infiltrates through the soil and rock layers, many of the impurities in the

water are filtered out. This filtering process helps clean the water.
6 Transpiration

One final process is important in the water cycle. As plants absorb water from soil, the
water moves from the roots through the stems to the leaves. Once the water reaches the leaves,
some of it evaporates from the leaves, adding to the amount of water vapor in the air. This
process of evaporation through plant leaves is called transpiration. In large forests, an enormous

amount of water will transpire through leaves.
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New Words and Phrases

1. hydrologic  a. 7K LY 9. promote ut. fEHF, k37,18, 5T
2. subtract v I, ~ from 10. freshwater  n. JR7K , 7K
3. evaporation n. ZZ K (YEF) evaporate 11. impurity n. 2=, B34
(v.) 12. suspend vt. B, BIF
4. condensation n. Bt 4%, W 4 condense 13. particle  n. {3k, il &
(v.) 14. surface runoff #iF 2%
S5.swamp n. JHVE, M, REIZEBAKE 15. underlie wt. {3 F------ ZF. A
6. droplet n. /i Ay R A
7. absorb  vt. WAL, T 5] 16. transpiration n. Z2E &% (Y)) , 8K, EHE
8. gaseous . TIEM, AN YEA] transpire (v. )

Notes

1. Water absorbed into the ground is taken up by plants.

B 1607 WAL 7K 3 SREAB R AL

take up ML, P AR 5 o5 4 (Ot fa], 20 RE S48 ) s X A DG, IR S FRAE (LSS %)

How much water is needed to take up the salt? XIhF B4/ D/K A BeIA#?

Nearly the whole meeting was taken up with the discussion of that single problem. J| %%
A B IR ] A PR SR 7 AR A fRf 2R )

He has taken up photography as a hobby. fifBHE5 Y B CA—MELF .

The new president toock up office yesterday. Hi SIS VERFEL,

2. Water that runs off into rivers flows into ponds, lakes, or oceans where it evaporates
back into the atmosphere.

WAL K SCE AL TTE 2T | 7 el o 2 AR I 2R

‘aJH7 that runs off into rivers fX{EM Water ¥ £ 5 M\ 1] , where it evaporates back into the
atmosphere S8 i ponds, lakes, or oceans F%E 18 M A) , it F8 1% water,

3. As aresult, the water that goes into the atmosphere is cleaner than it was on the earth.

PRI, 76 & B RSP K LETEHLER E Y ST i

as a result 25 %

as a result of fEHy------ 4k R

The flight was delayed as a result of fog. FiPER KM S,

result in 255, § 3

What this will result in, only the future can tell. X{F3A4E A, RA KA FIE,

result from H§°----e- 1 B I SR

The damage resulted from his careless. B T {EHLC , S8 TR,
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4. Surface runoff is an important part of the water cycle, because through surface runoff
much of the water returns again to the oceans, where a great deal of evaporation occurs.

Mo SR AR R K SCHERR P BB B — 3R, R DA 3 s M R A2 Ui, RO 43 /K SR 1B )85 9, 78
W LSRR KRENER .

Reading Material World Water Balance

1 General Problems

World water balance should be considered as a quantitative expression of a great process
called the water -cycle which takes place on the earth. The two terms characterize different sides
of the same process. That is why the differentiation in the two concepts which some investigators
resorl to cannot be considered well grounded. In the past, the hydrological science was limited
by qualitative notions of water cycle but when, due 1o the progress in water resources use, the
hydrometric and atmospheric precipitation data became available, it became possible to com-
prehend this process qualitatively.

Water cycle, as it is known, connects together all parts of the hydrosphere; ocean and
water on land, i. e. surface, soil and ground waters; as well as water in other components of
nature, e. g. climate, soils, geological structure and biosphere. In the process of water cycle
erosion occurs; relief is formed; dissolved matters change place; large quantities of heat are
transferred and a most important biological process—transpiration—occurs.

One of the links in the water cycle is the important economic link wherein water is used to
meet man’ s needs.

The term *water balance’ cannot be considered literally as ‘ balancing’, i. e. equality
between income and output elements of water balance. It is obvious that in the studying of water
balance, it is indispensable to observe the law of matter conservation. The water cycle for the
whole world is not watertight and, therefore, a perfect balance is not possible, either on a
global basis or on a regional basis.

The study of world water balance, as a whole as well as separate continents and oceans,
depends on the state of knowledge of two major water balance elements—precipitation and river
runoff. It cannot be said that .present knowledge of these elements is quite perfect,
nevertheless, available data, even if insufficient, together with scientific theory make it
possible to solve a whole set of water balance problems as well as to estimate world water
balance, provided suitable methods for investigating are applied.

The importance of studying world water balance lies in the fact that the development of
knowledge of any processes occurring on the earth, including the water cycle, is a contribution
to general scientific and economic progress. It plays an important part in estimating the world

water resources, which are continuously being used within the process of water cycle. The level
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of our knowledge on the water cycle and world water balance also indicated the level of our
understanding of world water resources and, in this way, parily suggests the right ways of their

use.
2 Development of the Comprehension of World Water Balance

Already in ancient times, a certain notion of water cycle existed in a very crude form
which was far from reality. A better qualitative picture of water cycle appeared during the
renaissance period. Significant contributions to promote such knowledge were made in the 17 ~
18 th centuries by persons like P. Perrault, M. V. Lomonosov, Lh. Buffon, P. I. Ritchkov,
J. Dalton and others. But a lack of information on the form of discerned data made their
contributions less effective.

The present estimations of world water balance were initiated by E. Ya. Brikner of USSR
(1905). The method of estimating world water balance suggested by him has probably a greater
importance than the actual estimate of balance. The essence of the method lies in the following
equations,

(1) For the peripheral part of the land feeding the ocean with stream water:E =P ~R,

(2) For closed areas without runoff to the ocean: E, = P,

(3) For the Ocean: E_ =P, +R,

(4) For the Earth; E=E, +E_

Where: E,, evaporation from the peripheral part of the land; P, precipitation on the peripheral
part of the land; R, river runoff to the ocean; E, and P, evaporation and precipitation of
closed areas; £, and P, , evaporation and precipitation of the ocean; E, evaporation from the
surface of the land; E,,evaporation from the whole of the land.

The next step was made by R. Fritzsche (1906) , who was the first to obtain values of
river runoff close to the present ones. G. Wiist (1920), improved upon it by adding runoff
from Polar glaciers to river runoff. Both results of G. Wiist’ s estimation (1920 and 1936) of
the world water balance are characterized by low values of precipitation and evaporation of the
ocean. Attention was drawn to this by W. Meinardus (1934) who probably prepared the first
reliable map of atmospheric precipitation for the ocean.

A principal distinction of our world water balance investigations lies in the fact that they
are based on the first map of world river runoff ( Lvovitch, 1954) and on the fairly detailed map
of precipitation on the land, prepared by 0. A. Drosdov in 1939. My subsequent world water
balance estimations are based on making river runoff maps and data for the runoff of Polar
glaciers more accurate.

M. I Budiko (1965) and later F. Albrecht (1961 ) in their research estimated
evaporation from heat balance, and river runoff from the difference between precipitation and
evaporation.

Attention is drawn to the fact that world water balance elements have not substantially
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changed throughout the history of research in this field. This shows a great insight of our
predecessors in solving the problem on the basis of very poor information.

The results of the various estimations of separate water balance elements are basically
dependent on the accuracy of estimation for precipitation, especially in the ocean. Thus,
beginning from W. Meinardus (1934 ) precipitation on the ocean area (excluding G. Wiist’ s
estimation) is assumed to be more than 100 cm. Precipitation on the surface of the ocean
should be assumed not less than 114 cm provided corrections for gage records are applied. The
methods of correction have been developed by the Hydrometeorological Service of USSR (M. 1.
Budiko’ s paper for the present Symposium).

River-runoff value, as indicated above, has remained almost unchanged for the past fifty
years. This does not imply the lack of progress in the study of this world water balance
element. For instance, runoff data obtained from the first map of world river-runoff (1945)
differ from the results of Fritzsche Wiist’ s calculations (1906, 1920) for selected 10°—
latitude zones by 90% to 116% . For the world, as a whole, the resulis of both calculations
have agreed. Here the law of great numbers reveals itself, 1. e. compensation for errors for
large areas. However, the understanding of river-runoff distribution over the area has
substantially improved.

The same is true of the runoff from Polar glaciers into the ocean. According to the data of
different authors an annual runoff from Antarctica and Greenland is estimated.

The splendid results of international research of Aniarctica for the past one and a half
decades are oblained. Without claiming a full survey of world water balance estimations we
must mention the investigations of A. A. Kaminskiy (1925), W. Halbfass (1934), A. B.
Voznesenskiy (1938) and others on this problem.

In the last estimation a series of questions remains still unsolved. The inflow of ground-
water directly into the ocean by passing rivers is not yet known. R. Nace estimates this value at
5% of the runoff of world rivers, i. e. at 1 600 km’. I believe that this value does not appear to
be overestimated, and R. Nace himself considers it to be fairly approximate. The necessity of
searching for ways of determining the inflow of groundwater into the ocean is, therefore, a
mutual desire.

In terms of depth of runoff South America has a world lead, Europe occupies the second

place and next are Asia, Africa and Australia in descending order.
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Lesson 2 Floods

A flood is an overflow of water, an expanse of water submerging land, a deluge. The basic
cause is excessive runoff from catchments into river systems incapable of carrying this extra
volume. Most of the world’ s population and property are located on lands subject 1o the overflow
of rivers or seas. For example, flood-prone lands comprise about 5% of the area of the United

States, more than 10% of the Yellow River basin in China, and almost all of the Netherlands.
1 Types of Flood

1.1 River Flood

One major type of flood is river flood. Many cities, including Paris, Rome, and
Washington, occupy land subject to river floods.

The flow of a river usually is confined to a well-defined channel that meanders in the
course of time from one side of its valley to the other. However, when there is a heavy rainfall
or rapid snowmelt, the river overflows into a wide flat area adjacent to the channel. This area,
the natural floodway of the river, is called a floodplain, which is composed of sediments
deposited by the river. Typically, a river uses some portion of its floodplain about once in two or
three years. Once in a century a river may inundate its entire floodplain to a considerable depth.
1.2 Coastal Flood

A second major type of flood is coastal flood. Coastal lands, such as offshore bars formed
by sediments carried by coastal currents occupy a position relative to the sea that floodplains do
to rivers. Like floodplains, offshore bars and barrier beaches are the sites of many cities, for
example, Atlantic City, Lagos and Nigeria. All are subject to coastal floods.

1.3 Ice Jam Flood (

In northeast, north and northwest China, some rivers or river sections flow from lower
latitude to higher latitude, therefore, ice jam and ice dam often occur due to time difference of
freeze-up and melting between upstream and downstream in winter and spring, which causes
sudden rise of water level of rivers and flooding. The Ningxia — Inner Mongolia part and
Shandong part of Yellow River and Yilan part of Songhuajiang River are where ice jams happen

most seriously. The characteristics of ice jam flood are lower flow but higher water level.

2 Consequences of Flood

2.1 Human Beings

Floods will cause death and injuries. Floods often result in a loss of life especially in low-
lying areas and along river banks.

A torrential flood can sink and wash away homes as well as damage vhrious other properties

such as electrical goods, vehicles and the like. This is a loss for residents.
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The worst effect of floods is on one’ s health. Floods can cause the accumulation of human
waste in the flood water. These flood water can spread to other areas, resulting in diseases such
as cholera and malaria. Floods usually bring infectious diseases, e. g. military fever,
pneumonic, plague, dermatopathia, dysentery, common cold (type A), breakbone fever, etc.
2.2 Environment

Floods will lead to the damages of roads, collapse of bridges or traffic congestion, which
may affect the daily operation.

Floods disrupt normal drainage systems in cities and typically overwhelm sewer systems.
Thus, raw or partially raw sewage spills are common in flooded area. Additionally, if the flood
is severe enough, destruction of buildings that can contain a large array of toxic materials
( paints, pesticides, gasoline, etc. ) can cause the release of these materials into the local
environment, which leads to severe environment pollution.

2.3 Economy

Floods bring too much water which will cause damage to farmland. Crops die in the
prolonged accumulation of flood waters in the plantation areas. Rubber, cocoa, palm oil and
rice are among the agricultural crops which cannot survive in such conditions. Such damage is
a loss for farmers.

2.4 Government

Floods damage public property such as roads, buildings, and telephone and electrical
infrastructures. Floods can also bring about many kinds of diseases. The responsibility of
repairing the damages and subsidizing medical equipment must be borne by the government.
All these involve high maintenance costs. The government must also supply basic necessities
such as food, drinking water and medicine, and set up temporary shelters for flood victims.

A wise society would reap the benefits of floods and avoid many of the negatives if they
would choose to build cities in ways that can accommodate floods without trying to avoid it.

Attempling to go against nature is almost certainly a loosing prospect in the end.

New Words and Phrases

1. meander . WFHE T 7L 10. torrential a. ZFEFLH , 2

2. floodway n. 3yt 11.vehicle n. Z@ETE,

3. floodplain  n. {Z MR, 18 M 12. accumulation n. FIEE, HEFH

4. inundate . W, {F I 13. cholera n. &L

S. barrier beach VSR IO 14. malaria n. SE¥%

6.ice jam K3 15. infectious a. HIEY N, BEL5H
7.ice dam Pk : 16. miliary fever S (#4)

8. consequence n.ZER, FHEXER 17. pneumonic a. iy, &K

9. low-lying a. KB, 1EHLAY 18. plague n. JBR%
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19. dermatopathia n. F7 o5 28.toxic a. HEH, PEH

20. dysentery n. ¥ 29. pesticide n. 32 H 5]

21. common cold {53E 30. release wt. BEWL, WFH, BE

22. breakbone fever EHiL 31. plantation . #rH, FikEEE, Koz
23. collapse n. {3|35, AR 32. infrastructure n. [ &3¥IR:, Rl
24. congestion n. ${ZE, FIMM 33. responsibility n. F{E, BAE

25. disrupt o, {FPWT, BEER 34. subsidize v. %BY, 0

26. overwhelm . 1%, B 35. maintenance n. Z4E§, [F3F

27.sewage n. T/KIE, 75K
Notes

. Many cities, including Paris, Rome, and Washington, occupy land subject to river
floods.

WIS ER F R SR, #8242 2R T 0 1

sub}ect to 5’1 ...... R I% T eeennnn H&M:‘F ...... ,Xﬁ‘lhljﬁ: ......

He’s been subject to bouts of rheumatism for many years. b5 KJZJ% C 2 4F LET,

All citizens are subject to the laws of the land. A5/ REZ A EEREILAH

2. A torrential flood can sink and wash away homes as well as damage various other
properties such as electrical goods, vehicles and the like.

FERERIBKBEREME B  vhaE B3R, MRBARI IR 0 EL B8 | 4 3904 S (D) Py HLAt 45 U =

as well as - r-- BYGTINEE $7vel

I bought a map of the world as well as some picture books. FRIL T — skt K &, i 3L
TILAERHE,

as well [G]REHE 118

China not only possesses enormous quantities of coal and oil, but she is rich in other

minerals as well. "PEARNIAE KBHERN AW, Lo 0B EzE,

3. Attempting to go against nature is almost certainly a loosing prospect in the end.

ES R AR P BAEBRAFEN,

go against iHHF , R AFF , AEET

I don’ t know why everything seems to go against me. F&ANHIE A4 HERFRAEIR
BAEXT o

The decision went against me. X/ ECE X AF]

Reading Material The Development of Flood Control Projects

The development of flood control prajects in China is carried out in accordance with the

river-basin and regional planning of flood control, normally including construction of controlling



