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For most questions, tick answers which you think are ‘True’ or ‘Correct’. 
This may range from zero to all answers. Some cases will specify the number 
of answers, and some will ask you to pick out an incorrect statement. It is 
requested that you think carefully before looking up the answers. Please also 
be aware that in hydrology differences tend to be ‘shades of grey’ rather than 
black and white. We hope that you find such questions a useful vehicle for 
fruitful discussion with your lecturers rather than outrage that the authors 
are so incorrect. The answers provide a brief commentary on the logic.

Units
1. A megalitre denotes a million litres. Which abbreviation is 

correct for this amount of water?

A. ml

B. MLi

C. ML

D. mL

2. 20 ML ha-1, as rainfall, is the same as which of the below?

A. 1 mm of rain

B. 100 mm of rain

C. 1000 mm of rain

D. None of the above
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3. In the older unit of ‘points’ of rain, there are 100 points to the 
inch. One inch is 25.4 mm. Hence 20 points of rain is about 
equivalent to which of the answers below?

A. 1 mm

B. 5 mm

C. 100 mm

D. None of the above

Dimensions
4. A fundamental division in science is mass [M], length [L], 

and time [T]. Most (but not all) physical quantities can be 
ascribed dimensions such as force [MLT-2], representing the 
product of mass [M] by acceleration [LT-2]. Which of the fol-
lowing attribution of dimensions to hydrologic variables is 
correct?

A. Rainfall intensity [L3T-1]

B. Streamflow [L3T-1]

C. Rate of evaporation [L2T-1]

D. Volume of channel storage per unit length of channel [L3]

Strahler Ordering
5. One of the statements about Strahler order notation used 

for classifying waterways is incorrect. Which one?

A. The order assigned will depend on the diligence of map-makers 
in showing smaller streams

B. Major rivers such as the Mississippi, Danube, or the Amazon will 
be sixth-order or higher

C. Headwater streams originating on farms are going to be first or 
second-order

D. All water courses can be assigned a unique Strahler order
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6. Which two of the following statements are correct about 
Strahler ordering of watersheds?

A. When a lower-order stream joins a higher-order stream, the order 
of the resulting stream increases by one

B. When a lower-order stream joins a higher-order stream, the order 
of the resulting stream stays the same

C. When two streams of the same order join, the order of the resulting 
stream increases by one

D. By definition, streams of the same order cannot join

7. Using Strahler ordering, a third-order stream is joined by 
two second-order streams and three first-order streams. 
The new stream is then?

A. Second-order

B. Fourth-order

C. Third-order

D. Fifth-order

E. None of the above

Hydrographic Measurement
8. The functions of a weir pond behind a measurement section 

are which of the following?

A. To allow water to approach the measurement section with a 
minimum velocity

B. To conserve the biota of a stream

C. To reduce turbulence at the point of measurement

D. To reduce the noise of the water outflow

E. To give the water enough height to allow it to fall free of the 
measurement cross-section
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9. Measurement weirs are a favourite method of gauging small, 
upland streams. A ‘stream-rating’ is a 1 to 1 relation between 
flow through a measurement weir and height of water above 
the notch. Many factors may lead to a deviation from such a 
relationship. One in the list below should not affect the rating – 
which one?

A. Water temperature

B. Sediment in the water

C. Aeration status of the water

D. Changes in the weir pond

E. Changes in the stream channel below the weir

10. The concept of a ‘hydrologic year’ is sometimes used in 
hydrologic data analysis with the start of the year some-
where near the end of summer. Which listed advantages 
below are correct?

A. With this division of the year, there is less correlation between 
what happens in a given year with what happened in the preced-
ing year because the watershed soil moisture is usually close to 
minimum

B. It sits better with the annual political cycle of many countries

C. It allows a better pairing of annual rainfall with annual streamflow

D. It best matches the annual irrigation cycle in many countries

E. Judicious choice allows ‘meshing’ with the financial year of many 
countries

11. A diurnal variation is a characteristic stream flow variation 
with a 24-hour cycle. Which of the following statements are 
correct?

A. In a non-snow watershed, transpiration by trees will often give 
a diurnal variation with a day-time minimum and a night-time 
maximum

B. Diurnal variations are a major periodic component of the hydro-
logic cycle.
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C. In a watershed with snow cover, the melting of snow by the 
sun will give a diurnal variation with a day-time maximum and a 
night-time minimum

D. Diurnal variations in streamflows are often obscured by the 
bi-diurnal tidal cycle associated with the passage of the moon 
over the earth’s surface

E. Diurnal variations are only found in first and second-order 
streams

F. They are sometimes referred to as Diehl variations

12. Consider water travelling across the earth’s surface, with 
the lower part of the water body in contact with the earth 
and in equilibrium (i.e. not falling). What is about the fastest 
documented speed that the water will travel at?

A. 10 kph

B. 30 kph

C. 70 kph

D. 100 kph

E. 200 kph

13. Which three of the following are necessary to develop a 
stream rating for hydrographic purposes?

A. A method of accurately measuring the volumetric rate of flow of 
a stream at a given time

B. A good working knowledge of Manning’s Equation, its errors, 
and how it is applied

C. A local measure of water height based on a permanent and 
accessible reference point

D. A good working knowledge of Bernoulli’s Equation

E. A stable cross-section which does not have discontinuities 
in it

F. A method of smoothing the flow to avoid turbulence
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Soil Moisture and Vadose Zone
14. The soil wetness can be defined as

A. the ratio of the volume of water to the volume of pores in the 
sample

B. the ratio of the mass of water in the sample to the mass of the 
dry soil

C. the ratio of the volume of water in the sample to the volume of 
the sample

D. the ratio of the volume of air to the total volume of a sample

E. the ratio of the (volume of air + volume of water) to the volume 
of the sample

15. The energy (potential) of water in the soil is most com-
monly expressed as

A. energy per unit mass [L2T-2]

B. energy per unit weight [L]

C. energy per unit volume [ML-1T-1]

16. The Moisture Characteristic Curve is

A. the relationship between soil moisture and soil texture

B. the relationship between air temperature and humidity

C. the relationship between soil matric potential and soil moisture 
content

D. the relationship between hydraulic conductivity and soil moisture 
content

17. There is more plant available water in a clay loam than in a 
sand because

A. in a sand it drains away too quickly, while in the clay loam there 
is a large difference between wilting point and field capacity

B. the sand grains pack together tightly, so the pore space between 
them is minimal

C. plants are better adapted to grow in clays and make the water 
available using root exudates
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18. All of the following statements about the measurement of 
soil moisture levels are correct except for one. Select the 
incorrect one.

A. There are a variety of methods for soil moisture measurement in 
the top 300 mm of soil and all can be made to work satisfactorily 
or well

B. Whichever method is chosen, it is a straightforward task to gain 
a calibration by destructive sampling and drying to constant 
weight and comparing this result with the instrument reading

C. Time domain reflectometry (TDR) and neutron probe methods 
have their advantages and disadvantages and both can be 
made to work well for deeper measurements

D. The possibilities of automatic data logging for deep holes using 
TDR is extremely attractive

E. Neutron probes are slow, heavy, and cumbersome and, al-
though they can give good results, using them is something of a 
labour of love

19. This device requires an aluminium tube be inserted into the 
soil by drilling ahead of it and then hammering the tube 
in. The device is then placed on the tube and a part of it is 
lowered into the tube. The operator then takes a reading 
averaged over about a minute. Which of the following  
devices is it?

A. A radiosonde device to measure the porosity of the soil by 
sound transmission

B. A neutron probe to measure soil moisture

C. A TDR device to lower wave guides into the soil for a soil mois-
ture reading

D. A groundwater sampling device. Groundwater is accessed 
through small holes in the sides of the tubes

E. An ultrasonic density measurer. The waves are transmitted into 
the soil and the velocity of reflectance is proportional to the 
density of the soil material
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20. This device generates a short electromagnetic pulse in a 
wave guide and measures the elapsed travel time and pulse 
refection amplitude. This allows the dielectric constant to 
be measured, which is correlated with a change in the required 
quantity. Which two statements below are correct?

A. The dielectric constant is proportional to the salinity of the 
water in which the wave guide is embedded

B. The dielectric constant is proportional to the moisture content 
of the soil in which the wave guide is embedded

C. The dielectric constant is proportional to the pressure on the 
soil at the wave guide location

D. The method allows fast and automated measurement with 
results held in a data logger

E. The dielectric constant is proportional to various chemical 
contaminants in the soil

21. A neutron probe (as commercially purchased) has the following 
attributes

A. It gives a continuous monitoring of soil moisture as a function of 
time at multiple depths

B. Its low power usage means that it can be set up and left un-
attended for long periods of time

C. It gives a measure of the amount of hydrogen (and other small 
atoms) in a medium surrounding an access tube

D. Its specialised measuring of moisture in a very small element of 
soil requires careful placement

E. It allows mapping of the uniformity of the soil along the length of 
the access tube

22. The movement and storage of water in soils is strongly 
 dependent on the size distribution of the pores in the soil. 
Which of the following statements is NOT true?

A. Micropores are the finest pores, are mostly within individual 
soil aggregates, and hold the water that becomes available to 
plants

B. Mesopores hold the water that is available to plants
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C. Macropores drain quickly

D. Micropores hold water at suctions (negative pressures) greater 
than wilting point

23. In a wetting and drying soil, the concept of ‘hysteresis’ 
refers to

A. the water potential–soil wetness relation depends on the recent 
mechanical history of the soil

B. the water potential–soil wetness relation depends on the aeration 
status of the water and particularly whether bubbles form at 
low pressure

C. the water potential–soil wetness relation differs with the recent 
wetness history of the soil, and particularly whether the soil is 
wetting or drying

D. the water potential–soil wetness relation is particularly dependent 
on the osmotic properties of material in the soil

24. If a soil is saturated and allowed to drain freely for several 
days it will reach

A. wilting point

B. pore-filled water content

C. field capacity

D. equilibrium with the atmosphere

25. The vadose zone is usually taken as the soil area around 
streams. One of the statements below is incorrect; which one?

A. The vadose zone is the part of the soil between the phreatic 
(groundwater) surface and the land surface

B. Water is held by the soil at a negative pressure relative to free 
water at the same height

C. Vegetation always has trouble extracting water from the vadose zone 
because of the force with which the water is held by the soil matter

D. Water in the soil is slightly below the pressure of water in the 
nearby stream

E. Although it is sometimes referred to as the ‘unsaturated zone’, 
it is in fact a sub-set of the unsaturated zone
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26. The infiltration rate is initially high into a dry soil

A. because the saturated hydraulic conductivity is high

B. because the water table is low

C. because the matric potential gradient is high

D. because the soil is not water repellent

27. A soil is described as ‘having a saprolite layer at 2 m depth’. 
Which of the statements below is a correct description of 
‘saprolite’?

A. A layer of calcium carbonate material formed from limestone in 
the vicinity

B. A layer of highly-reduced organic compounds associated with 
the phreatic surface

C. A layer of oxidised and weathered rock with some elements of 
both soil and rock structure

D. A tough, impermeable layer of clay beneath the A and B horizons

E. An ironstone layer associated with alternate oxidation and 
reduction processes in the soil

Groundwater
28. The basis of hydraulics and groundwater flow are the ‘Navier–

Stokes’ equations of flow. Derived by mathematicians Navier and 
Stokes, these are partial-differential equations to describe the 
flow of incompressible, viscous fluids. Which two of the state-
ments below would be viewed as correct by most practitioners?

A. When combined with initial and boundary conditions, these 
break down into a system of equations which are easy to solve 
and provide real insight

B. These equations are difficult to solve except for special cases

C. Although acknowledged as underpinning the mathematics of much 
of watershed hydrology, these equations are not of much direct use 
for most situations because of the complexity of application

D. These equations have long been bypassed by more modern 
equations
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29. A piezometer measures which one of the following?

A. Groundwater temperature

B. Groundwater pressure

C. Groundwater velocity

D. Groundwater salinity

E. Groundwater movement direction

30. If you are concerned with land-use hydrology then the most 
common groundwater aquifer you are likely to encounter 
will be as follows.

A. A confined aquifer carrying water under pressure

B. A confined aquifer that is not carrying water under pressure (i.e. 
some of the aquifer has air at about atmospheric pressure)

C. A water-table aquifer in which the upper bounding surface is the 
water table

D. Groundwater is irrelevant – it is surface water

E. The soil water is held under suction and groundwater does not 
exist

31. The water table can be defined by which of the following?

A. Pressure of the water in the soil being at atmospheric pressure

B. The height of water in a hole in the soil sometime after digging

C. The pressure being measured by a piezometer inserted into 
the soil

D. The pressure being measured by a tensiometer in the soil

32. One of the statements below about confined aquifers is 
correct. Which one?

A. Have an overlying and underlying impervious layer

B. Always carry hot water

C. Are rare

D. Are confined to arid zones

E. Are associated with land settlement (‘deflation’) from pumping
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33. An aquiclude is a feature of confined aquifers. Which one of 
the statements below is correct?

A. Is the same as an aquitard

B. Forms the upper layer of a confined aquifer

C. Forms the lower layer of a phreatic aquifer

D. Is the conducting layer of an aquifer

E. Is the sealed lateral end of a confined aquifer

34. The product of the aquifer thickness times the hydraulic 
conductivity is sometimes called the aquifer transmissivity. 
One statement is ‘True’ while the others are generalisations 
which sometimes apply. Which one is true?

A. Is constant on a watershed slope

B. Has the dimensions of [L2T-1]

C. Is a simple and useful parameter for applied watershed 
studies

D. Is only valid for confined aquifers that are fully saturated

35. A phreatic or water-table aquifer is the common aquifer 
type sustaining headwater streams. Two statements below 
are incorrect; which ones?

A. The aquifer is bounded by an aquitard at the upper layer and an 
impervious bedrock at the lower layer

B. The most common point of intersection of the aquifer and the 
land surface is along streams

C. The upper ‘transmitting’ layer is bounded by the water table

D. Aquifer material below the level of the stream plays no role in 
transmission of water to the stream

36. Karst watersheds, in scientific hydrologic terms are famous 
for which of the following?

A. Their spectacular scenery

B. The hardness of the limestone rocks found in these spectacular 
landscapes
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C. The extraordinary physical purity of their water because of the 
filtering action of the limestone rocks

D. Their underground hydrology which, often, has little relation to 
the ridges and valleys on the surface of the watersheds

37. Caves and chambers in karst landscapes have been found 
with submerged depths in excess of 600 m. For comparison, 
this is well in excess of the ‘crush-depth’ of most submar-
ines. From the list below, suggest possible consequences 
of having groundwater at such high pressures.

A. Just the way it is, no practical consequences

B. Groundwater springs bubble to the surface with unusual force 
on hill slopes

C. Confined aquifers large distances away, in the absence of 
leakage, may be maintained at high pressure

D. Groundwater-dwelling bacteria in this circumstance are highly 
specialised for their cells to withstand such high pressures

E. Sudden reductions in hydrostatic pressures by draining may 
lead to destructive release of internal pressures within the aqui-
fers (landslips, slumping, etc.)

38. Deep groundwater is usually in a highly ‘reduced’ (i.e. low 
oxygen levels) state. Which one of the following statements 
is most usually true of shallow groundwater?

A. In an oxidised state because of proximity to the surface

B. In an oxidised state reflecting its rainfall origins

C. Impossible to be specific because of its variable origins

D. In a reduced state because of lack of oxygen at large soil depths

E. In an oxidised state because of the action of tree roots in adding oxygen

39. A quanat is a slightly sloping tunnel drilled from a valley 
into a hillside until it intersects water-bearing rocks. Which 
two of the following statements are false?

A. They are commonly encountered in Iran and water elaborate 
gardens

B. Of great antiquity, they were built by slave labour and cannot be rebuilt
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C. They form a self-flowing source of groundwater to sustain farms 
and gardens

D. At one stage they were viewed as an epitome of sustainability 
until the cost of building these in human lives was quantified

E. They are an applicable solution to many of the water issues of 
the Western world

Water Quality
40. Undisturbed forested natural upland landscapes usually 

produce high quality runoff water because

A. the vegetation protects the soil from erosive runoff and rainfall, 
which would otherwise mobilise sediment and pollutants

B. the soils are often highly permeable because of the biological 
activity and high soil carbon levels which create good structure 
and infiltration properties

C. water that does not become evapotranspiration travels to the 
stream via subsurface pathways through the soil, which slows 
the velocity of the flow and acts like a big filter

D. all the above answers are correct

41. Unsealed roads are a potential source of pollutants delivered 
to streams due to (choose the best answer)

A. high runoff generation, continuous disturbance by traffic, high 
connectivity to streams, permanent feature of the landscape

B. high runoff, efficient drainage into streams, the presence of 
toxic materials from vehicles such heavy metals, oils, etc., per-
manent feature of the landscape

C. the presence of contaminants in the materials imported to con-
struct the road surface

D. none of the other answers are true
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42. Which of the following could not be estimated from a linear 
relationship between total suspended sediment (TSS) and 
turbidity?

A. TSS load

B. Phosphorus concentration

C. Heavy metals attached to clay particles

43. The reasons wildfire can have such a significant impact on 
water quality and water supplies are

A. fires removes the protective vegetation and causes phosphorus 
to become more available on exchange sites

B. fires exposes very large areas of land, the smoke taints the water 
with hydro-fluorocarbons (HFCs), and fires burn right down to 
the stream edge, resulting in high connectivity

C. fires can increase water repellence and runoff, destroy root 
strength and make otherwise cohesive soil available for transport

D. fires heats the soil, baking the surface and preventing rainfall 
from infiltrating, increasing runoff

E. the heat of the fires can do unusual things to mineralised soil, 
allowing usually immobile minerals to dissolve

44. Suppose a ‘slug’ of water-miscible pollutant is tipped into 
an upland stream. The contaminant will

A. more or less travel with the current, being diluted by turbulence 
and diffusing into clear water

B. immediately disperse into the stream and travel downstream as 
effectively a band of pollutant

C. remain at the point of entry to the stream

D. travel along the bed of the stream as a large ‘bubble’ of pollu-
tant, slowly moving downstream

45. Conductivity of water is easily measured. This is commonly 
used as a surrogate for which water-related variables?

A. A measure of the ability of water to ionise under electrical 
current

B. A measure of the dissolved oxygen content of water
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C. The ability of a stream channel to carry boat traffic

D. A measure of the salt content of water

E. A measure of the temperature of water

46. A ‘conservative’ (or ‘extensive’) measure of water quality 
is one in which conservation of mass applies. Thus, if the 
volume of streamflow is known, an estimate of the quantity 
involved can be made. Which of the following measures of 
water quality are ‘conservative’?

A. Stream temperature (°C)

B. Stream turbidity (NTU)

C. Sediment concentration (mg L-1)

D. Presence/absence of various types of algae

E. Biomass of algae (mg L-1)

47. Which of the following water quality measures can be multi-
plied by a volume of water to give a mass of material?

A. Water colour (Hazen units)

B. Turbidity (NTU)

C. Iron (Fe++) concentration (mg L-1)

D. Iron (Fe+++) concentration (mg L-1)

E. pH level of water

48. Which of the following water quality measures can be 
used as an indicator of faecal pollution in a natural 
waterway?

A. Colour of water (Hazen units)

B. Turbidity of water (NTU)

C. Biological oxygen demand (BOD) (mg of oxygen consumed L-1)

D. Total cation content (mg L-1)

E. Total anion content (mg L-1)
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49. Turbidity is often used as a ‘catch-all’ measurement of water 
quality in natural streams. Which two of the following state-
ments about this are correct?

A. NTU stands for normalised turbidity units and refers to the 
self-calibration of the measuring device in use

B. NTU stands for nephelometric turbidity units and the measure-
ment device uses light scattering from particles (nephelometry)

C. NTU is measured with white light but sometimes infrared light is 
used and this is called FNU

D. In natural streams you don’t need a nephelometer at all; lowering 
a Secchi disk until the pattern disappears is a practical method

E. Turbidity is an excellent parameter because there is usually a 
good correlation with other important parameters such as 
sediment load

50. pH of water is a measure of the acidity or alkalinity of natural 
water. It is not always a satisfactory variable to measure in 
pure, natural waters. Which one of the statements below is 
correct?

A. The measurement is difficult and expensive

B. The buffering of natural water is so low that it is hard to get 
reproduceable results with different brands of instruments

C. The readings are influenced by air bubbles in the water

D. It does not give much information about the water

51. When relatively low populations of humans populate a 
watershed, which of the following statements about micro-
biological levels in the water is commonly correct?

A. There is a dramatic change in the species of bacteria and other 
organisms in the water

B. There is an immediate increase in bacterial populations of 
streams

C. Bacterial populations of streams remain relatively constant

D. Bacterial populations decrease because of human hygiene
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52. Human faecal contamination of waterways is a huge health 
issue for many countries of the world. One of the statements 
below is quite wrong, while others may be arguable; which 
one is wrong?

A. An investment in sewering cities and towns around the world 
would solve this

B. Methods using sewerage systems to dispose of ordure (aka 
faecal matter) use large volumes of water

C. There is probably not enough water in many countries of the 
world to use Western-world sewerage approaches

D. Chlorination of contaminated water supplies would resolve this 
issue

E. Young women are particularly affected by social issues of defae-
cation where toilet facilities are limited and this sometimes 
restricts their education

53. ‘Black water’ sometimes occurs when stream water flows 
through densely vegetated regions. The blackness indicates 
which of the following?

A. Masses of organic material on the stream bed which absorbs 
incident light

B. Large masses of sediment carried by the stream water

C. Dense filtering of light by overhead vegetation, making the 
stream look black

D. Tannin compounds leached from decaying vegetation

E. Large masses of particulate organic matter carried by the stream 
water

54. What is the most likely cause of the eutrophication of a 
lake?

A. Low pH

B. High sediment concentration

C. High nutrient concentration

D. Low dissolved oxygen
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55. The ‘bed-load’ of a stream refers to one of the list below. 
Which one?

A. The depth of particulate matter on a stream bed

B. Particulate matter that more-or-less rolls downstream along the 
bed of a stream

C. The weight of sediment per unit area (pressure) on a stream bed

D. The weight of sediment matter passing a stream cross-section

E. The downward force exerted on a lineal metre of stream bed by 
the weight of water

56. True story. A student came to see us worried that the long 
sequence of stream turbidity data sent to him by a govern-
ment agency was ‘funny’ – amongst other things it had a clear 
discontinuity in the middle. It turned out that two different 
recording instruments had been used. The first installer put a 
fixed probe into the stream which recorded a value of 1 NTU. 
This was checked with a handheld instrument which gave a 
value of 10 NTU. The installer of the fixed probe accounted 
for the discrepancy by manipulating the data from the fixed 
probe by adding 9 to every value (i.e. 1 + 9 = 10). A second in-
staller then installed a replacement fixed probe and found the 
same discrepancy between the fixed-probe and the hand-held 
probe values. This installer, however, decided to correct for 
the error by multiplying the fixed-probe value by 10 (i.e. 1x10 
= 10). Which of the following statements is correct?

A. Adding 9 to each value makes the recording instrument agree 
with the hand-held instrument and is correct

B. Multiplying each reading by 10 makes the recording instrument 
and the handheld instrument agree and is correct

C. Neither is correct. If you tick this answer, then what might the 
correct procedure be?

57. The beginnings of watershed management. In a survey in 2003 
by the magazine Hospital Doctor, Dr John Snow (1813–1858) 
was voted ‘the greatest doctor ever’. This particularly reflects

A. he was ‘up with the times’ using innovative techniques of anaes-
thesia (particularly chloroform) and intensive care medicine
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B. he observed (after much case-study) a link between water supply 
and the transmission of the dreaded disease cholera in London

C. he developed complex theories of epidemiology

D. he espoused a healthy lifestyle and good eating with what 
would now be viewed as a ‘vegan’ diet

About Water
58. One of the statements below concerning the fundamental 

properties of water is incorrect. Which one?

A. Water flowing in a stream exerts a strong shear stress on the 
stream bed, attempting to move it downstream

B. Water weighs about 1 tonne per cubic metre

C. Water wets many substances and this begins a process of 
chemical attack

D. Water sustains combustion and is rapidly oxidised under the 
right circumstances

E. Water containing sugar will attract pure water into itself

59. Water, the basic fluid of watershed management, is best 
described as

A. A ‘non-Newtonian’ fluid, in which shear stress is not propor-
tional to the rate of shear strain

B. A ‘Newtonian’ fluid in which shear stress is proportional to the 
rate of shear strain

C. A ‘plastic’ fluid (aka Bingham fluid) in which shear stress is  
proportional to the rate of shear strain after a threshold value 
allows initiation of movement

D. An ‘ideal’ fluid of constant density and zero viscosity

E. A ‘compressible’ fluid of variable density

60. Water is a substance whose solid state floats on the liquid state. 
Which two of the following statements about this are correct?

A. No big deal – many other substances share this property

B. If this was not the case, the water at the poles of the earth would 
freeze solid and polar life, as we know it, could not exist
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C. Molecules are more loosely packed in the liquid state than the 
solid state

D. It appears to be due to ‘hydrogen bonding’ in the water molecule

61. Water moves to achieve which of the following?

A. To minimise pressure on itself

B. To the point of lowest total energy it can achieve

C. To a point of zero pressure gradient

D. To the lowest height it can achieve

E. To the lowest velocity it can achieve

62. Select the one incorrect statement about water here.

A. Water aggressively attacks many solids found in nature

B. Water has an unusually high ability to store heat compared to 
other fluids

C. The hydrogen bonding found in water is often used to explain its 
anomalous behaviour relative to other fluids

D. As water forms from ice, its density decreases over the first few 
degrees

E. Water can exert negative pressure and hence be pulled along

About Precipitation and Rainfall Processes
63. Temperature and rainfall vary dramatically in characteristic 

ways at the global scale because

A. the uneven heating of the spherical earth sets up air currents to 
redistribute the atmospheric heat, and hotter air can hold more 
precipitable water

B. the cooling effect of the ice sheets at the poles makes it colder 
and wetter there

C. topography affects the air temperature and the amount of solar 
radiation reaching the earth

D. rainfall rates are different over and land compared to over 
the sea
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64. Rainfall associated with a cold front is caused by

A. advancing cold air behind a cold front forcing warm air to lift 
and as this moist air cools the moisture condenses as rain

B. advancing warm air lifts above stationary cold air and as it does 
the precipitatable water is released as rain

C. cold fronts produce a lot of rainfall because they carry water 
from the sea over the land

D. the cold air descends as it is more dense than hot air, and as it 
does so it warms and attracts moisture which falls as rain

65. Many hydrology studies have looked at snow precipitation as 
a part of the hydrologic cycle. Two of the following observations 
are incorrect or misleading; which ones?

A. Leonardo da Vinci commented that ‘floods occur at the time 
when the sun melts the snow on the high mountains’. 

B. The concept of snow ripening refers to a darkening of the snow-
pack due to accumulated dust and organic matter as it ages. 
This is very pronounced at lower altitudes and near urban areas.

C. Snow density varies from 0.06 gm cm-3 in calm conditions to 
0.34 gm cm-3 in gale-force winds. For most conditions a snow 
density of 0.1 gm cm-3 gives accurate results. 

D. Many factors influence snow deposition but snow particularly 
accumulates in small clearings. This is sometimes used to 
 enhance snow yields.

E. Rainfall falling on a fresh snowpack can generate hydrographs 
distinguished by the speed of the response and the height of 
the peak flow for the amount of rainfall. 

66. Which of the following best describes a Thiessen polygon?

A. A  Geographic Information System (GIS) term used as a basis of 
characterisation of closed and open forms

B. A method of weighting rain-gauge contributions in a watershed 
by imagining each gauge at the centre of a polygon surrounded 
by other gauges

C. A GIS model used to encompass spatial variation of hydrologic 
variables
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D. A metal form used to hold a hook gauge on a weir to measure 
water level

E. An early method of working out watershed boundaries before 
topographic maps were available

67. How does topography affect energy and rainfall inputs at 
the earth’s surface (choose the ‘best’ answer if there is one)?

A. Aspect affects the solar angle, altitude affects temperature, and 
topography can affect meso-scale rainfall patterns

B. Topography is a major driver of the global-scale air currents that 
redistribute heat from the equator towards the poles, which in 
turn affects the rainfall rate

C. Topography affects the local wind, which determines where 
clouds form and how much shading occurs over the landscape

D. Topography does not affect energy and rainfall inputs; these 
inputs are controlled at much larger scales by global circulation 
patterns and latitude of the location

68. Orographic rainfall occurs when

A. incoming clouds approach a mountain and result in rainfall on 
the downwind side of the mountain

B. an approaching warm front rides up over colder air, and as the 
air cools it forms rainfall

C. approaching moist air is forced upwards by a blocking 
mountain and the moisture in the air condenses as rain as 
the air cools

69. A unique property of cloud forests is

A. they are located only at high elevations above the clouds

B. they contribute to the formation of clouds via high levels of 
stomatal conductance

C. they are generally energy limited

D. they derive a substantial proportion of their water inputs via 
lateral interception of clouds or mist

E. that although they are often found at high elevations, there are 
exceptions, and they are not always energy limited
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70. Cloud forests are most likely to exhibit

A. high rates of throughfall and streamflow

B. high rates of ET and streamflow

C. high rates of interception and transpiration

D. high rates of fog drip and soil evaporation

71. Droughts tend to be an absence of precipitation. Which 
two of the following statements are untrue?

A. It can be difficult to define when a drought has started

B. Equally, it is often difficult to define when a drought has stopped

C. Droughts occur at regular and fixed intervals

D. What would be viewed as a drought in one area is viewed as 
‘normal’ in others

E. Droughts have been shown to be an unnatural consequence of 
climate change

72. Rainfall is commonly measured in millimetres (mm). Area is meas-
ured in hectares (ha). Water volume is often measured in megali-
tres (ML) (106 litres). Which line of arithmetic below is correct?

A. Rainfall of 20 mm in an hour adds 20 ML of water to a 15 ha 
watershed

B. Rainfall of 20 mm in an hour adds 3 ML of water to a 15 ha 
watershed

C. Rainfall of 20 mm in an hour adds 30 ML of water to a 15 ha 
watershed

73. Precipitation can fall as rainfall or as snow, and the pro-
portion of rain to snow is changing in many places. This is 
important because

A. snow is stored for longer at the surface, changing the timing 
and magnitude of streamflow events

B. snowpacks can impact on the infiltration rate of the soil, creating 
‘rain on snow’ events resulting in flooding

C. snow affects the albedo and rainfall does not

D. all of the above



Multiple Choice Questions

25

74. You are involved in a study of the rainfall on a forested 
watershed. Which of the following options would be the 
best location for a ‘representative’ rain gauge?

A. Under the forest canopy and make a 10% allowance for the inter-
ception loss

B. In a clearing in the forest such that there is a 60° from the horizontal 
cone of clearance

C. In a clearing in the forest such that there is a 30° from the 
horizontal cone of clearance

D. On a tower some metres above the forest canopy

75. When considering the effects of climate change on rainfall 
and evapotranspiration, the most correct statement would 
be

A. both rainfall and evapotranspiration are affected by climate 
change to different degrees in different places

B. both rainfall and evapotranspiration are increasing similarly 
around the globe

C. rainfall is increasing at the equator, and evapotranspiration is 
increasing everywhere

D. both rainfall and evapotranspiration are decreasing everywhere

Watershed and Water Balance Equations
76. What proportion of the sun’s incoming energy is absorbed by 

the combined atmosphere and land surface (land and sea)?

A. 75%

B. 50%

C. 25%

D. 15%
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77. The properties of annual rainfall distributions have come 
under renewed scrutiny as a result of climate change 
studies. When plotted as a histogram, a century or more 
of annual rainfall values commonly approximates a normal 
distribution. Two of the statements below are incorrect (or 
perhaps arguable); which two.

A. Given the good fit of a normal distribution, it follows that each 
year of rainfall is an independent event and is not influenced by 
the preceding year’s rainfall.

B. There is commonly some sort of ‘internal structure’ within such 
sequences suggesting that wet years are more likely to be fol-
lowed by wet years and dry years are more likely to be followed 
by dry years.

C. A common tool of analysis of Case B is called ‘crossing theory’ 
in which the number of times a cumulative plot of deviation of 
annual rainfall from the mean crosses zero is compared to that 
from a true normal distribution with the same mean and variance.

D. Although a normal (Gaussian) distribution may appear to give 
a reasonable fit, there are better distributions allowing more 
accurate prediction.

E. ‘The law of averages’ suggests that a wet year should be 
followed by a dry year to ‘maintain the average’.

78. How might a tree that is energy limited most of the year 
respond to seasonal water limitation?

A. Regulate stomata and drop leaves

B. Develop smaller xylem vessels

C. Store water in the root zone by reversing hydraulic gradients

D. All of the above

79. In very cold climates, trees need adaptations to deal with 
a range of temperature-related hydrology issues. Which of 
these options is most true?

A. Trees have structural and mechanical properties to minimise 
the breakage of branches laden with heavy snow

B. Trees have special adaptations to prevent damage due to water 
freezing in the xylem
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C. Trees have a range of strategies to prevent water from freezing 
within living cells

D All these are true

80. The Bowen Ratio is the ratio of

A. radiation to vapour pressure deficit

B. vapour pressure deficit to surface temperature

C. sensible heat exchange to latent heat exchange

D. sensible heat exchange to vapour pressure deficit

81. In 1948 Howard Penman published his seminal equation for 
evaporation from an open water body. Which of these were 
not variables in this equation?

A. Proportion of cloud cover

B. Wind speed

C. Vapour pressure deficit

D. Psychrometric constant

82. A plant is well supplied with water, but transpiration rates 
are low. Which is least likely to influence this?

A. A high vapour pressure deficit

B. A low vapour pressure deficit

C. A large storm event

D. It being a small plant

83. The ‘combination’ approach to estimating evaporation 
combines which two physical processes?

A. Evaporation from the soil and from the vegetation

B. Energy balance and mass transfer

C. Advection and latent heat exchange

D. Humidity profile and water supply rate
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84. Q.78 referred to a tree that is energy-limited most of the 
year responding to seasonal water limitation. In which of 
the following environments might you commonly find such 
a tree?

A. In very high latitude boreal forests

B. In high mountain forests in cool-temperate zones (e.g. Eastern 
Australia, Eastern USA)

C. In hot desert environments

D. In cold-desert environments

E. In coastal forests on the windward side

F. In coastal forests on the lee (downslope) side.

85. The second law of thermodynamics is relevant to understanding 
change in soil and water systems because

A. it is a fundamental physical law and it is important for all physical 
systems

B. it suggests that changes should only take place that lead to a 
net increase in entropy

C. it explains how energy in ecosystems can be converted from 
one form to another, but never destroyed

D. it describes the ‘change in heat’, or the thermal dynamics of 
ecosystems of soil and water as the short-wave radiation from 
the sun heats them up

86. The work of Mikhail Budyko (1920–2001) was concerned with

A. the mechanism of the passage of water through the xylem of 
trees during transpiration

B. the heat balance of the earth’s surface and the conversion of 
heat to evapotranspiration

C. the influence of the Coriolis force on air movement

D. the effect of air viscosity on movement of water through a mixed 
soil-water-air system

E. the influence of atmospheric turbulence on the formation of 
thunderstorms
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87. In 1965 John Monteith produced a crucial addition to the Penman 
Equation to enable evapotranspiration to be estimated. This was

A. the concept of potential evaporation

B. canopy and aerodynamic resistance terms

C. the Bowen Ratio

D. the Boltzmann Coefficient

88. In forming a watershed water balance, which two of the fol-
lowing would usually be directly measured (or perhaps, as-
sessed from available records)?

A. Streamflow

B. Rainfall

C. Evapotranspiration

D. Interception

89. The concept of a ‘sealed watershed’ is sometimes laid out 
as a criterion for watershed selection in hydrology research. 
Which two of the statements below explain this concept?

A. The measurement weir is well constructed so that all stream 
water at that cross-section passes through it

B. By routine measurements, a perfect water balance can be achieved

C. That water can only leave the watershed by evapotranspiration 
or by streamflow

D. That there is no subterranean ‘groundwater’ transfer to other basins

90. By the water balance of a watershed we mean

A. sum of inputs of water = sum of outputs of water

B. the streamflow emanating from the watershed

C. the evapotranspiration from the watershed

D. the deep seepage loss from the watershed

91. Evapotranspiration is

A. the water loss from bare soil to the atmosphere

B. the difference between rainfall and streamflow
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C. the water stored in plant leaves

D. none of the above

92. In which country was the concept that the rainfall has the 
capacity to sustain the flow of major rivers first demon-
strated to the satisfaction of scientists?

A. USA

B. UK

C. Germany

D. Austria

E. France

93. Given that P = annual precipitation depth, E = annual evapo-
transpiration, Q = annual streamflow, and Error = error  
(unmeasurable variables), the annual water balance for a 
small watershed is usually expressed as

A. P + E = Q - Error

B. P - E = Q + E + Error

C P = Q - E + Error

D. P = Q + E + Error

94. A trial watershed project routinely measures precipitation 
and streamflow. Which of the following statements are 
correct?

A. Evaporation is such a minor component of the water cycle, it is 
not worth measuring directly

B. Given that evaporation is not being measured, we really can’t 
say anything about it

C. The difference between rainfall (expressed in mm) and stream-
flow (expressed in mm) is a measure of the evaporation, deep 
seepage (watershed leakage), and measurement errors

D. Deep seepage and measurement error are usually so small that 
the difference between rainfall and runoff is a good measure of 
evaporation
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95. Thinning of forests is a classic way of ‘enhancing’ water 
yields from forested watersheds. Which one of the following 
statements about this is not correct?

A. Thinning reduces the water use of the forest by reducing the 
amount of sapwood which passes (transpired) water

B. In areas of lower rainfall, thinning does not give a marked response 
because the retained forest may still use most or all of the water 
available

C. An aggressive method of thinning is to cut strips through the 
forest. This works quite well but the appearance of the forest 
may not be acceptable on other grounds

D. The effects of thinning are evident in enhanced water yield from 
the forest for many, many years

E. After thinning the vegetation responds so that after a few years 
the water use of the forest returns to the pre-thinning level

96. A 100 ha watershed has an annual rainfall of 1500 mm, of 
which half appears as streamflow. Water in a nearby town 
is sold to consumers at $3 per KL. Which of the following 
statements are correct?

A. At 15 ML ha-1 rainfall, on 100 ha, then the watershed produces 
750 ML of water annually

B. Given the urban price of $3 KL-1, this water could be valued at 
$2.25 million by simple arithmetic

C. The valuation of this stream output is $2,250,000

D. Since the watershed has produced this amount of wealth, the 
watershed owner should be paid a proportion of this amount

97. In an undisturbed temperate forest landscape, which would 
we expect?

A. High evapotranspiration, good streamflow, low peak flows

B. Low evapotranspiration, low streamflow, high peak flows

C. Low evapotranspiration, high streamflow, low peak flows

D. High evapotranspiration, high streamflow, high peak flows
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Plant Evapotranspiration and SPAC
98. ‘SPAC’ (or ‘Surface-Plant-Atmosphere-Continuum’) is some-

times used to characterise the evapotranspiration concept 
in watershed hydrology. Which of the following statements 
about SPAC are correct?

A. SPAC shows an energy gradient in which the water at the top of 
a tree is at a much higher energy/pressure level than elsewhere 
because of the tree’s height

B. The continuum part means that the water being carried through 
SPAC always has an energy/pressure gradient (i.e. there are no 
discontinuities in water pressure until the water actually leaves 
the plant leaves)

C. The driving force of SPAC is the energy of the sun in keeping 
water in the atmosphere at a very low energy/pressure level

D. SPAC characterises very well the pumping and pulsing actions 
of tree roots in getting water to the top of tall trees

99. The potential evapotranspiration rate is

A. the rate that water evaporates from an open body of water

B. the rate of evapotranspiration from a well-watered field if wind 
speed, temperature, and relative humidity were at an optimum

C. the maximum rate of evapotranspiration possible for a par-
ticular temperature

D. the rate at which evaporation and transpiration would occur 
from a large area covered in growing vegetation with unlimited 
access to soil water

100. It is often hypothesised that leaf area index (LAI) of vegeta-
tion is correlated with evapotranspiration capacity. LAI is

A. ratio of winter leaf area to summer leaf area

B. ratio of leaf area to (horizontal) ground area

C. ratio of leaf area to stem cross-sectional area at ground level

D. ratio of upper canopy leaf area to lower canopy leaf area

E. probability that a vertical projection from the ground will pass 
through one or more leaves
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101. The leaf area index of a forest or crop can be measured by 
which of the following methods?

A. A specialised device called a porometer

B. Injecting radioactive tracers into tree stems and seeing which 
leaves show their presence

C. Harvesting leaves from crowns and measuring their area

D. By measuring the probability of raindrops passing through the 
forest canopy

E. Using a specialised device called a ceptometer which measures 
photosynthetically active radiation

F. Analysis of LIDAR (light detection and ranging) data

G. Analysis of hemispherical and crown cover photographs

102. Enhanced CO2 levels give a carbon fertilisation effect. This 
can lead to increased water use efficiency and faster plant 
growth, but this is not always the case, because

A. sometimes other factors are limiting water use and growth, 
such as nutrients

B. some plants are already growing at a maximum rate

C. water use efficiency will only increase where soil organic matter 
is not limiting

D. this effect does not occur in all geologies

103. Which list has the potential of water in the correct order, 
going from the least to the most negative?

A. Atmosphere, leaves, xylem in branches, xylem in stem, roots, 
soil moisture

B. Xylem in stem, soil moisture, leaves, atmosphere, xylem in branches

C. Soil moisture, roots, xylem in stem, xylem in branches, leaves, 
atmosphere

D. Soil moisture, xylem in stem, roots, xylem in branches, atmos-
phere, leaves

104. The reason plant water use efficiency has been found to 
increase with climate change is because
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A. the efficiency of rainfall is increasing with a warming atmos-
phere that can hold more water

B. the higher temperature means that plants can transpire more 
efficiently

C. the higher CO
2
 concentrations means that less water is lost from 

the stomata for every unit of carbon that enters

D. higher wind speeds mean that evaporation from stomata is 
more efficient

Satellite Imagery and Remote Sensing Hydrology
105. The acronym DEM refers to which of the following?

A. Differenced Energy Model

B. Discrete Evaporation Model

C. Digital Elevation Model

D. Direct Evapotranspiration Measurement

E. Domained Excel Model

106. ‘LandSat’ was an early satellite monitoring the earth’s surface. 
Which one of the following statements apply?

A. Images may be useful but are tightly held by military requirements

B. The satellite is viewed as a worthy but primitive venture into this area

C. This satellite and updates gives the longest continuous space-
based record of the earth’s surface and have been used in many 
hydrologic studies

D. The images were found to be of little use in hydrology

107. Which one statement about satellite imagery would be 
accepted by most scientists?

A. They have rendered ground-based hydrology monitoring obsolete

B. They allow direct and accurate measurement of evapotranspiration

C. They have provided complementary (but sometimes difficult) 
tools to supplement other methods
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D. They are not of much use in watershed hydrology because there 
is little ground penetration

E. They are enigmatic and require such specialised skills that they 
are of little use to anyone other than the military

108. NDVI is often computed for each pixel in satellite-based hydrology 
studies. Which of the following statements below about NDVI 
are correct?

A. It stands for ‘Nominal density value indicator’

B. It stands for ‘Normalised difference vegetation index’

C. It is calculated as the ratio (NIR-Red)/(NIR + Red) where NIR is 
near-infrared reflectance and Red is red reflectance

D. Because of the dominance of red in arid landscapes, it is 
particularly effective at indicating iron-dominated landscapes 
and hence widely used in mining evaluation

E. It is particularly effective at distinguishing healthy, green 
vegetation from other land covers

General Hydrology
109. One of the following attributes of big dams is incorrect; 

which one?

A. They provide regulation of flow (for better or worse)

B. They tend to make the water immediately below the dam free of 
sediment

C. They enhance the ‘natural values’ of rivers and streams

D. The obstruct fish passage on the river

E. They tend to be objects of pride for communities

110. ‘Imbrication’ of stream beds commonly refers to which of 
the list below?

A. The arrangement of stream-bed material in a riffle and pool 
sequence

B. The stream structure sometimes found due to fish burrowing in 
stream beds
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C. The overlapping structure (e.g. as found on roof tiles or weather-
boards) of components such that there is only a low resistance 
to downstream flow

D. The occurrence of ‘holes’ in the stream bed at the foot of plunge 
pools

E. The essentially random placement of components such that the 
stream bed is homogenous

111. In a flooding forest, a fundamental parameter is the hydroper-
iod. Which one of the definitions below defines this?

A. The months in which the forest is expected to be dry (unflooded)

B. The frequency with which the forest floods, expressed as the 
probability of flooding in a given year

C. The probability of flooding in a given year

D. The months of the year over which the forest is expected to be 
flooded

E. The number of months in a year in which the forest might 
reasonably be expected to be flooded

112. Which of the following statements about small coral islands 
of the South Pacific are correct?

A. Their heavy rainfall ensures that fresh water is plentiful

B. By the nature of such islands, the underlying rock is solid and 
impervious

C. The fresh groundwater is a ‘lens’ recharged from above, stored 
in porous aquifers, and effectively floating on underlying saline 
groundwater derived from the ocean

D. Fresh groundwater is usually both scarce and limited

E. Groundwater is not a concept that is applicable in such a 
situation

113. Arid zone vegetation often displays distinct patterns. What 
is the most likely reason?

A. Groundwater patterns

B. Variability in soil texture
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C. Preferential trapping of rainfall or dew by the vegetation

D. Ancient root systems from wetter periods

114. Older texts on hydrology sometimes appear obsessed with 
the concept of overland flow – water passing across the 
land surface to the enter a stream network. Which of the 
following statements are correct?

A. ‘Overland flow’ has been replaced by the concept of ‘near-surface 
flow’ in many books and papers

B. Many surfaces are too rough and the infiltration capacity too 
great to sustain true ‘overland flow’

C. Overland flow, when it occurs (usually in urban areas due to 
paving) can give spectacular flash flooding

D. A benefit of agricultural and forested land in watersheds is that 
it reduces the occurrence of overland flow

115. When a watershed is severely burnt, hydrographs may 
exhibit the following?

A. Loss of the diurnal variation due to death of the transpiring tissue

B. Enhanced soil water repellency

C. Stimulated plant growth because of the release of nitrogen

D. Drying up of the stream because of boiling-off of the water by 
the fire

E. Enhanced streamflow sometime after the fire because of the 
loss of transpiration

F. Extremely high and erosive ‘spike flows’

116. The Unit Hydrograph is the hydrograph generated

A. divided by the depth of rainfall

B. per unit of watershed area

C. by a unit amount of rainfall in unit time

D. by an ‘instantaneous spike’ of rainfall of unit quantity

E. by a unit volume of overland flow
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117. ‘Flood routing’ refers to

A. Using the square root of the flow velocity to compute flood 
wave speed

B. Estimating the probability of downstream erosion from a flood

C. Computing the time locus of floods along a channel network

D. Working out the channel network that floods will travel down

E. Evaluating the probability of downstream structures exceeding 
their maximum permissible flow

118. Many mountain streams show a systematic variation of 
longitudinal cross-sectional structure with deep, still water 
alternating with ‘rapids’ or ‘overflows’. This structure is

A. difficult for biota because of the low oxygen levels in the pools

B. a consequence of the accumulation of erosion debris and poor 
land management

C. a non-random, natural ‘pool-riffle’ structure with a reasonably 
consistent wavelength

D. due to erosion associated with removal of larger trees from the 
banks

E. formed by occasional, extremely high flows associated with 
pioneer activities upstream

119. Watershed evolution is the theory that long-term energy and 
water inputs leave an ‘evolutionary footprint’ on current- 
day hydrologic functioning. Why might this be useful to 21st 
century hydrologists? There may be more than one correct 
answer.

A. We can better understand the potential impact of climate change

B. We can forecast the effect of management practices on the 
system

C. We can use this knowledge to increase production

D. We can better understand what might occur when the system is 
subject to natural systems
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120. ‘Saltation’ is a hydraulic process described by which one 
from the list below?

A. The tendency of dry salt in arid lands to be blown by the wind

B. The accumulation of salt scalds at the toe of a slope

C. The ‘jumping’ of sediment particles along the bed of a stream

D. The tendency of heavier saline water to gravitate to the bottom 
of aquifers

E. The accumulation of more saline water in stratified pools in 
streams

121. Landslides are a well-explored hydrologic hazard. The lists 
below shows factors often associated with landslides involving 
movement of soils and underlying rock. One factor stands 
out as predisposing landslides – which one?

A. Heavy rain leading to wet hill slopes

B. Lack of tree roots binding the hill slope together

C. ‘Slippery’ layers in the rock or soil

D. Recent changes in the distribution of water on slopes (roading, 
etc.)

E. Additional weight placed on slopes (e.g. tree growth)

F. Removal of ‘toe support’ for the slope

G. Earthquakes or earth-tremors causing soil liquefaction

122. Throughout history there have been many ‘great’ (aka disastrous, 
killing, tragic) floods. Which one of the following has not, to the 
our knowledge, been associated with a ‘great flood’?

A. Torrential rainfall

B. A mountainside collapsing into a dam and displacing the water 
in the dam

C. An extremely rapid thaw of snow on a mountain

D. An earthquake liquefying soils and leading to release of water 
from the soil and catastrophic downstream flooding

E. A volcano ‘blowing up’ a lake, with the disruption flooding 
downstream
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123. Which of the descriptions below describes the geometry 
of a common rainbow formation as you stand looking at it, 
facing its centre?

A. Sun out and to your right

B. Sun out and at your back

C. Sun in and at your left

D. Sun out and at your left

E. No fixed geometry – to a first approximation, random in space

124. In ecohydrology, ‘optimality’ expresses the idea that

A. ecosystems are all optimised with respect to their surroundings

B. ecosystems have a theoretical optimal state, and the ecosystem 
is constantly adjusting its state on a trajectory to this optimum

C. ecosystems are never optimal because energy conversions  
between the trophic levels are inefficient

125. When rainfall leads to a moderate streamflow storm hydro-
graph, the water entering the stream from a forested water-
shed slope is mainly

A. the rainwater (‘new water’) falling on to the watershed

B. water stored in the slopes (and/or groundwater domain) from a 
previous storm (‘old water’)

C. rainwater from the storm that has passed through the water-
shed soil

D. rain water passing down the soil surface into the stream

126. Which of the following statements about the ‘variable 
source area concept’ in watershed science are true?

A. The concept was introduced because the dogma of overland 
flow contributing to forested streams was found to be mostly 
inapplicable

B. The concept goes back to the seminal writings of Leonardo da 
Vinci

C. The concept is that the parts of the watershed contributing 
water to the stream varies from storm to storm
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D. The concept was devised by US forest hydrologist John Hewlett

E. The concept is that, in a storm, the area of watershed contrib-
uting water to the stream expands over the course of the storm 
and contracts when the storm ends

127. Two of the following statements about the River Nile are 
incorrect; which two?

A. The Nile has been dammed by the Aswan Dam in Egypt, with 
generally beneficial effects

B. The Egyptians developed elaborate structures called ‘Nilometers’ 
to record the water levels

C. Because of modern technology the Nile River is far less im-
portant to Egypt than it used to be

D. The ability to predict the volume of coming inundations was 
part of the mystique of ancient Egyptian priesthoods

E. The origins of the Nile were unknown to European civilisation 
until the mid-19th century

128. The ‘Hurst Effect’ refers to

A. the tendency for water moving into the soil to ‘finger’ out

B. a small positive correlation between streamflow in successive 
years

C. the tendency for sediment to move to the centre of a vortex

D. the fractal nature of long-term streamflow records over time

E. the tendency for histograms of hydrologic data to be positively 
skewed

Modelling and Quantitative Hydrology
129. Occam’s razor is

A. a sharp tool used to cut back models

B. the original scooter used by the 14th-century philosopher 
William of Occam

C. the idea that models should be as simple as possible

D. the concept of making sure everything is included in a model
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130. A Monte Carlo simulation is a way of modelling that involves

A. running a model over and over using distributions of param-
eters as inputs

B. combining an empirical and a deterministic model to generate 
distributions of outputs

C. multiplying together input distributions to determine an output 
distribution

D. simulating the values of the input parameters using an empirical 
model

131. Three of the most important things to consider when 
constructing a model are

A. calibration, testing, model range

B. cost, time availability, skills

C. resolution, parameterisation, testing

D. purpose, resolution, resources

132. A physically based hydrologic ‘model’ usually consists of one 
or more equations, an initial state, boundary values (i.e. what 
is happening at the edge of our domain), and some input of 
change over time. Classify the statements below as ‘True’, 
‘Maybe True’, or ‘False’.

A. The watershed ridge is a boundary and there is usually no inflow 
from this unless water is being imported by a channel

B. The domain is always a rectangle of the land surface

C. For a physically based model, the parameters can, in principle at 
least, be measured by an appropriate laboratory or field setup

D. The initial values are usually obtained by field measurements

E. The spatial arrangement of components is not usually a factor in 
the model

133. ‘Topmodel’, developed in 1978, was considered to be a sig-
nificant advance in watershed modelling. Was it because it

A. considered the role of weathered rocks in storing water

B. considered the role of topography in routing water
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C. explicitly solved for stream routing during storms

D. it was an early computer model

134. Consider a paired watershed experiment of four basins 
measuring daily rainfall and water outflow, to last for 50 
years. Basin 1 will be left untouched, Basins 2 and 3 will 
have the same land-use treatment (‘Land-use 1’) applied 
after a 5-year ‘calibration period’. Basin 4 will have a se-
cond land use (‘Land-use 2’) imposed after the calibra-
tion period. Class the following statements as ‘Correct’, 
‘Maybe’, or ‘Incorrect’.

A. Such a design is at the highest levels of experimental method-
ology in science

B. Such a design is at the highest level of experimental method-
ology in watershed science

C. Basins 2 and 3 are replications of the treatment

D. Basin 1 forms a control for the treatments of Basins 2, 3, and 4

E. The control gives a classic ‘no change’ reference for the 50 years 
of experimentation

F. A ‘calibration period’ developed over the non-treatment 5 years, 
will greatly enhance the experimental analysis

Hint. To visualise such a project it is suggested that students 
sketch a diagram of such a project using watersheds each of about 
50 ha.)

135. Hydrologic data is often positively skewed. This means 
which of the following?

A. The mean and variance are close to those given by a normal 
distribution

B. There is a long ‘tail’ of data to the left of the mean

C. There is a long ‘tail’ of data to the right of the mean

D. The mean and variance are the same

E. Logarithmic transforms of the data are sometimes used to make 
the distribution closer to that of a normal distribution
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136. One of the most common empirical hydrologic models is 
called ‘The Rational Model’. It is embedded in many engin-
eering applications and is written as Q = KCIA in which A is 
watershed area [L2] and I is the rainfall intensity [LT-1]. C is the 
fraction of rainfall converted to streamflow and is dimen-
sionless. K is a unit converter to allow non-homogeneous  
but convenient units. Which two of the following state-
ments are correct?

A. If we use the model over long time sequences, C will be a func-
tion of time

B. If A is given in hectares, and I is in mm per hour. Then if we want 
to have Q in units of litres per hour, it follows that K would have 
to be 10

C. C is often taken as a function of I, with a large I implying a low C

D. For a given I, a forested watershed would have a low value of C 
while a paved watershed would have a high value of C

137. Suppose you have flow data from two watersheds, 1 and 2. 
Accumulation of data is making a running sum. Double-
mass plots were an older visual method of hydrologic 
data analysis and are still useful for visualising hydrologic 
change. A double-mass plot is which of the following?

A. Plot of flow from stream A as a function of flow from stream B

B. Plot of accumulated flow in stream A and B as a function of time

C. Plot of accumulated flow in stream A against flow in stream B

D. Plot of accumulated flow in stream A against accumulated flow 
in stream B

E. None of the above

138. Which watershed would produce the most flow after the 
same storm event?

A. A 5000 ha watershed with high drainage density

B. A 5000 ha watershed with high slope

C. A 5000 ha watershed with concrete channels

D. I need more information
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Urban Hydrology
139. The key hydrologic problem created by urbanisation is 

(choose the best answer)

A. an increase in the frequency and magnitude of peak flows, and 
a decrease in low flows or base flow, particularly in summer

B. an increase in the total amount of water coming out of the 
watershed

C. an increase in baseflow in winter, and decrease in baseflow in 
summer

D. an increase in water pollutants from fertilisers used in gardens

140. What commonly happens to baseflow as a result of 
 urbanisation?

A. It decreases because impervious surfaces prevent infiltration

B. It increases because of anthropogenic sources, over-irrigation 
and leakages

C. It increases because of a loss of vegetation and thus evapo-
transpiration

D. Any of these are possible, depending on the watershed context

141. What is the typical annual runoff coefficient (C) from an 
impervious area?

A. 0.2

B. 0.5

C. 0.9

D. 1.0

142. Which of the following are objectives of ‘Water Sensitive 
Urban Design’ or ‘Sustainable Urban Drainage Systems’?

A. Restore more natural flow regimes, by reducing peak flows, 
restoring more natural baseflow, reducing overall flow volume

B. Maximising the runoff coefficient of urban watershed

C. Reducing the loads and concentrations of pollutants

D. Evacuating water as quickly as possible from the landscape



Multiple Choice Questions

46

E. Maximising the amenity of the urban landscape using water to 
support vegetation

F. Reducing demand on potable water supplies

G. Decreasing the time of concentration of urban watersheds

143. Connectivity between impervious surfaces and the stream 
network is important because

A. for water quality, as disconnecting stormwater-producing 
surfaces allows infiltration, filtering and trapping of pollutants

B. for peak flow reduction, as infiltrating water into the soil slows 
down its transmission to the stream channel, and therefore 
reduces the peaks in the hydrograph

C. for flood protection; it is important to transmit as much of the 
stormwater to the stream as quickly as possible to maximise 
drainage and prevent flooding

D. all of these could be true, depending on your perspective and 
what you value and think is most important in urban hydrologic 
systems

144. A road-builder building an unsealed road in a forest near 
a pristine stream solves one problem, but creates another. 
This situation could best be described as

A. the road will bring traffic closer to the stream, increasing the 
potential for oils and other contaminants to reach the stream, 
contaminating it

B. the road-base is compacted to shed water and protect the 
bearing capacity of the road, but this generates high runoff 
rates that can carry sediment and contaminate the stream

C. the road will intercept groundwater and modify the hydrologic 
pathways in the watershed, affecting peak flows

D. the road-builder will import materials to construct the road-base, 
and these will ultimately end up in the stream, polluting it and 
impacting on the aquatic ecosystem
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Land-use Hydrology
145. A forest in a 700 mm rainfall zone is cleared for cropping. 

Could the crop have the same ET rate?

A. Yes, when averaged over a year and if supplied with water to 
ensure close to potential ET

B. No, the crop could not intercept or transpire at the same rates as the trees

C. Only if they were large plants such as watermelon

D. Yes if the soil water holding capacity was unchanged

146. The paired watershed experiment consists of changing the 
land use on one or more small watersheds and observing 
the change in comparison with a ‘control’ watershed which 
remains in the same state. Which of the answers below 
would be accepted by most hydrologists?

A. The development of paired watershed experiments was a major 
development in land-use hydrology

B. Although they are expensive to get established, their mainten-
ance is relatively inexpensive

C. These ‘experiments’ can last a long time so whether the 
‘control’ is really a control or a watershed on a journey to some-
where else is arguable

D. The experimental design would be greatly improved by replication

E. The experiments are crippled by not having a ‘double blind’ 
design in which the data analysts have no idea of the treatment 
or the experimental layout

147. A paired watershed experiment is conducted with a control 
watershed. The flow in the treated watershed was about the 
same as the control before treatment. After the treatment 
the flow increases by about 2 ML ha-1 for a few years and 
then, in the next 5 years or so declines to about the same 
flow as the control. Annual rainfall in the watershed is about 
800 mm per annum. The control and treatments were

A. native forest control and thinning of native forest on treated 
watershed

B. grassland control and planting up of grassland watershed on 
treated watershed
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C. grassland control and clearfall/regeneration of native forest on 
treated watershed

D. native forest control and clear fall logging of native forest on 
treated watershed

E. mature plantation control and logging and replanting of planta-
tion on treated watershed

148. A paired watershed experiment consists of two grassland 
watersheds in about 1000 mm per annum rainfall. One is then 
stripped of grass and planted with a pine plantation. Good weed 
control is implemented and the plantation becomes estab-
lished. Which of the following responses might you expect?

A. The flows from the two watersheds would be unchanged

B. The flow from the planted watershed would increase and then 
remain at a higher level permanently

C. The flow from the planted watershed would rapidly decrease 
until the stream flow completely stopped

D. The flow from the planted watershed would increase for some 
years then gradually decline over the next 30 years as the pines 
‘got a grip’. Flow would decrease by about 200 mm per annum

149. A paired watershed experiment consists of two watersheds 
carrying mature native forest in about 1000 mm per annum 
rainfall. One has the mature forest cleared, the debris burnt 
and is then planted with a pine plantation. Good weed 
control is given and the plantation becomes established. 
Which of the following responses might you expect?

A. The flows from the two watersheds would be unchanged

B. The flow from the planted watershed would increase by about 
300 mm per annum for some years and then progressively 
diminish but would always be higher (over the 30-year planta-
tion life) than that of the native forest control watershed
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C. The flow from the planted watershed would rapidly decrease 
until the stream flow completely stopped

D. The flow from the planted watershed would remain unchanged 
from the pretreatment case

150. A paired watershed experiment has heavy forest on both  
the control and the experimental basin. Both show a clear 
diurnal variation in flow in summer. The trees and understorey 
are removed for 50 m from either side of the stream as the 
treatment. Which of the following might reasonably be expected?

A. Flow in the stream would diminish and the amplitude of the 
diurnal variation in flow would decrease

B. Flow in the stream would diminish and the amplitude of the 
diurnal variation in flow would increase

C. Flow in the stream would increase and the diurnal variation 
would disappear

D. Flow in the stream would increase and the amplitude of the  
diurnal variation would increase

151. Fourier analysis allows a time-variant waveform such as a 
streamflow record to be broken into sinusoidal components 
of varying frequencies. Which of the following regular fre-
quencies might you expect to find in your long-term paired 
watershed data?

A. A bi-daily tidal cycle associated with passage of the moon

B. A diurnal cycle (day/night) associated with rotation of the earth

C. An annual cycle associated with the movement of the earth 
around the sun

D. A 21-year cycle associated with sun-spot growth and decay on 
the sun’s surface

E. A 150-year cycle associated with the joint proximity of Venus 
and Mars to the earth
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152. Suppose you had a 5-minute sampling frequency on your 
data logger, and you did a Fourier decomposition of the 
flow chart. This shows a spike in high frequency variations 
and the higher the sampling frequency becomes, the more 
intense the high-frequency Fourier spike becomes. Rank 
the likely causes from the list below.

A. Electronic problems causing transients

B. Inaccuracies/inadequacies of your flow transducer at a given 
water level

C. Tectonic vibration causing minute-by-minute changes in slope 
outflow

D. Water turbulence in your measurement structure causing your 
water level transducer to fluctuate

E. A watershed with very rapidly changing weather

153. John Hewlett’s (1922–2004) projects looked at the responses 
of streamflow from forested watersheds to periods of rain-
fall. These did show some interesting aspects of forest 
hydrology; which of the below are true?

A. Watersheds with thin soils would respond in a similar way to 
those with deep soils initially, but as soil capacity filled would 
show a ‘violent response’ to more water

B. Watersheds with strong native burrowing-animal activity were 
far less responsive than those without

C. There was little relationship between the peak flow achieved by 
a given rainfall and the maximum rainfall intensity in the rainfall

D. The streamflow at the start of the rainfall had a positive correl-
ation with the volume of stormflow and the peak streamflow 
achieved

E. Watersheds with very large trees had such a major interception 
loss that little water reached the ground, thereby making them 
unresponsive



Multiple Choice Questions

51

154. The most common pattern of response to clear falling and 
regeneration of forest on the slopes of a first-order water-
shed in temperate forest areas without major snow falls is

A. a dramatic increase in stream outflow which persists for many 
years. This can lead to sustained downstream erosion

B. no change in watershed outflow

C. an increase in watershed outflow for about 3 years, followed by 
a reversion to the historic outflow pattern

D. a dramatic decrease in streamflow that persists for many years

155. The long-held theory of the response of streams to insect 
attacks on forest in their watersheds is that streamflow 
increases, reflecting the reduction in ET. However, more recent 
work has indicated which of the following?

A. Streamflow decreases because of death of tree crowns led to 
increased sub-canopy evapotranspiration so that net streamflow 
decreased

B. Streamflow decreases because undergrowth stimulated by the 
increase in exposure transpired more than the trees

C. No change in streamflow

D. Streamflow increase

156. The ‘active layer’ of permafrost is

A. the soil rooting zone in cold climates

B. a layer of soil, rock or sediment that freezes and thaws annually 
above the permanently frozen zone

C. the zone from the lowest depth of annual thawing to the depth 
at which the geothermal temperature is above freezing

D. the upper boundary of the permafrost that is actively growing 
as new water infiltrating from above freezes and causes the 
permafrost to grow
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157. The ‘Dust-Bowl’ events of the 1930s in the US Southern 
Plains were caused by

A. desert sediments blown in by high winds

B. a combination of drought and the destruction of soil structure 
by tillage for cropping

C. widespread irrigation failure, leaving dry fields subject to erosion

D. crop disease that wiped out crops and led to erosion

158. Cumulative hydrology effects refer to

A. the use of accumulated or integral variables (e.g. double mass 
plots) in assessing hydrologic impacts

B. the net hydrologic effect of many land-use activities on a 
watershed

C. the accumulation of net financial benefits of land-use activities 
on a watershed

D. the accumulation of nutrients in a stream as a result of sub- 
surface drainage

159. ‘Cumulative hydrology effects’ are sometimes known as 
‘the aliens of hydrology’ because

A. they are so potentially damaging to the world

B. everyone knows they are there, but they are impossible to show

C. they don’t exist

D. they exist but in a form we can’t quantify

160. The first ‘paired watershed’ experiment in the world was

A. the start of the Coweeta Paired Watershed Experiments in North 
Carolina, USA (forestry impacts)

B. Wagon Wheel Gap experiment in Colorado, USA (deforestation 
impacts)

C. Emmental Project in Switzerland (land-use hydrology)

D. Croppers Creek experiment in Australia (plantation impacts)

E. Mokobulaan experiment in South Africa (plantation impacts)
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161. John Hewlett (1922–2004) was an American forest hydrologist 
noted for which two of the list below?

A. An adherence to the theory that overland flow was the dominant 
source of streamflow in forested watersheds

B. Development of the ‘variable source area model’ which argues 
that subsurface processes in a core area of watersheds near 
streams provide the storm rainfall response

C. Development of a finite-element approach to solving the 
fundamental equations of soil moisture movement in forested 
environments

D. Demonstrating the importance of unsaturated ‘interflow’ in 
 replenishing valley aquifers and maintaining streamflow

E. Quantifying the importance of snow in maintaining streamflow 
over summer periods
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Answers
1. C. Journalists often confuse ml (10-3 L) with ML, with ludicrous results.

2. D. 1 ML ha-1 is the same as 100 mm of rain. Hence 20 ML ha-1would 
correspond to 2000 mm of rainfall.

3. B. Close to 5 mm. Even in metricated countries, farmers some-
times still talk in points of rain.

4. B is the only one correct (e.g. flow is given in m3 per second). 
Rainfall intensity is LT-1 (e.g. mm/hour). Rate of evaporation is LT-1  
(e.g. mm/day). Volume of channel storage per unit length of 
channel is L2 [L3/L]. Effectively it is the area of cross-section.

5. D is incorrect. A. B, and C are correct. D is incorrect – the ordering 
system breaks down when streams disappear into the landscape, 
pass through large lakes, or become braided over a flat landscape. 
It is, at best, a useful simplification.

6. B and C are correct. A and D are false.

7. C. Third-order. When streams of lower-order join a stream, the 
order remains unchanged.

8. A, C, and E are correct. A weir will develop its own small eco-
system but it is different to that of the stream, so B is false. A weir 
is usually a noise emitter so D is false.

9. E. Changes in the stream channel below a weir should not impact 
on weir rating (if it does, the nappe is said to be ‘submerged’). 
A through D would all impact on the rating by changing the vis-
cosity of the water or impacting on the flow approach to the 
measurement section to some extent.

10. A and C (C is A restated) are correct. The idea is that major hydro-
logic events should not be split between 2 years. This still hap-
pens but judicious choice of months can minimise this.

11. A, C, and F are true. B is false – they are a relatively small compo-
nent and often obscured by larger variations such as rainfall, 
or hidden by insensitivity of measurement systems. D is false –  
although the moon does give a bi-diurnal variation in the oceans 
(‘tides’) there is no evidence that this is visible in stream systems. 
E is false – they occur in large and small hydrologic systems.
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12. C. The scientific literature is unspecific on this question, but when 
Malpasset Dam (France) suddenly had an abutment failure and 
collapsed in 1959, the 40 m high wall of water released was 
accurately clocked as travelling at about 70 kph for some kilometres. 
It was a huge disaster. Imagine trying to pedal your bike to try to 
keep ahead of it! Fortunately for us, most waves travel consider-
ably more slowly.

13. A, C, and E would provide a minimum for developing a flow rating. 
A number of rating points would be measured at different flows 
and a working relationship developed giving the flow through the 
cross-section as a function of stage level. This may take some 
months or years to develop. B and D may be desirable but are not 
necessary. F may be desirable to reduce error in any measurement 
but, for large rivers in particular, may not be possible.

14. B and C. B is called the mass wetness, and C is called the volu-
metric wetness. A is the degree of saturation. D is the air-filled 
porosity. E is the void ratio.

15. B. This is commonly referred to as ‘head’. This makes arithmetic 
simple and helps visualisation.

16. C. However, A and D are related to the curve parameters via 
relationships between soil texture, volumetric water content and 
matric potential. B is unrelated.

17. A. Water may bond to the clay particles better than the sand par-
ticles.

18. B is incorrect, particularly for deeper measurement. Problems 
usually lie in difficulties of sampling and dealing with inhomogen-
eous materials and macropores.

19. B. A neutron probe for soil moisture measurement. The source is 
lowered to the appropriate depth and a reading taken. By moving 
up and down the tube, the whole depth is ‘logged’. Sometimes a 
capacitance device is used similarly but the tube is not aluminium.

20. B and D. The method is Time Domain Reflectometry (TDR). It 
provides an alternative to the neutron probe for deep moisture 
measurement if (and it’s a big if) one can work out how to in-
sert the wave guides. The method does allow more-or-less con-
tinuous scanning.
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21. C. It gives a measure of the density of hydrogen in a diffuse sphere 
of about 150 mm around the access tube. Since water is com-
monly the main source of hydrogen, this is, de facto, a measure of 
the moisture content. Neutron probes cannot usually be used for 
continuous measurement and require an operator. Depths have 
to be logged sequentially so obtaining detailed readings along the 
cross-section can be a tedious process.

22. A. While it is true the micropores and the finest pores are mostly 
within soil aggregates, it is not true that they hold the water that 
becomes available for plants. In fact, the water in these fine pores 
is not available to plants because, due to capillary action, the soil 
holds on to this water tighter than the plant is able to extract it.

23. C. There is usually no ‘unique’ relation between the two variables, 
with the recent wetting and drying history a major variable. 
Measurement is time-consuming and difficult and this has restricted 
research into this area. Answers A, B, and D are ‘made-up’ but 
may well also be true.

24. C. It’s an old concept and somewhat vague, but still commonly used.

25. Answer C is incorrect because water in the vadose zone is usually 
held loosely. A is one definition of this zone, B and D follow from 
this definition. E follows from the common restriction of the term 
‘vadose zone’ to mean regions near streams.

26. C. Although A, B and D are conditions under which infiltration can 
take place, the actual process is matric potential gradients.

27. C. Literally ‘rotten rock’. Often minerals from the parent rock are 
easily extracted from such layers, so they are favoured by miners.

28. B and C. Solutions for flowing fluids are particularly bedevilled by 
turbulence but real advances have been made in recent years. 
It is arguable whether such advances will impinge on watershed 
science. A is untrue in that the equations are not easy to solve.  
D is untrue in that the equations are still at the heart of the discip-
line. Newer analytical packages are making solving these equations 
a more practical operation for the less-mathematically inclined.

29. B. Occasionally piezometers are used to facilitate access to 
measure other variables. A network of piezometers may allow 
estimates of the groundwater movement direction.
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30. C. The upper layers may approximate E but at some metres depth 
a water table is usually encountered. D. It’s a trick question. 
You won’t usually encounter any aquifers in land-use hydrology. 
Effects are due to surface runoff.

31. A and B are true. C and D are false. If the piezometer is substantially 
below the water table a piezometer may differ from the water table; 
if the intake is above the water table, it won’t show anything. A ten-
siometer usually measures soil tension above the water table.

32. A (this is the definition). B to D are untrue. Pumping from confined 
aquifers can lead to land settlement but this is not invariable; simi-
larly pumping from unconfined aquifers can also be associated 
with settlement. Hence E is false.

33. B. Aquitards tend to be lower-permeability layers found in such 
aquifers. The distinction between aquitards and aquicludes can 
be vague but the former is usually viewed as being found within a 
confined aquifer. C to E are just wrong.

34. B only. Transmissivity has the dimensions of [LT-1][L] = L2T-1. Phreatic 
and confined aquifers show spatial and temporal variation in 
thickness and conductivity that limit the utility of this parameter. 
Hence A, C, and D are viewed as generalisations.

35. A and D. A is incorrect and describes a confined aquifer; it is  
uncommon for these to intersect a land surface and supply water 
to streams. B is the usual mechanism of stream flow. C is implied 
by the term ‘phreatic aquifer’. Simulations and some field projects 
suggest that D is incorrect, with groundwater streamlines passing 
far below the level of the stream.

36. D. Answers A, B, and C may be true sometimes. Ramifying 
networks of flooded caves can give a complex and spectacular 
subsurface hydrologic network.

37. C and E. Cave-divers can easily exceed safe depths in such an  
environment. Groundwater bores and tunnels penetrating confining 
layers can experience very high pressures.

38. D. Often the groundwater has reached the phreatic surface by a 
long passage through highly reduced environments. With some 
exceptions, trees generally do not pass oxygen into the soil.
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39. B and E. Although the technology is old, they require constant 
maintenance if they are to survive. Building quanats has tradition-
ally been a well-paid job and has been handed down from father to 
son. Unless the work is done carefully there is a high risk of collapse 
or suffocation. Although used in many parts of the world, it is now 
easier to use a groundwater bore with a pump in most situations.

40. D. Additionally, the lack of disturbance activities (mining, timber 
harvesting, recreation activities) provides an extra protection for 
water quality.

41. A. Forest roads are not typically associated with toxic materials 
from vehicles because of the low traffic levels. However, urban 
roads are associated with toxic substances such as hydrocarbons 
and metals. Usually local materials are used in construction so the 
presence of contaminants in the construction material is unlikely.

42. A. You need flow data to compute the load.

43. C and (to a lesser extent) E.

44. A. This process is called longitudinal dilution and dispersion. 
There is a long ‘tail’ of polluted water but eventually the pollutant 
passes out of the system.

45. D. Conductivity is highly correlated with ionic content. In many 
countries Na+ and Cl- are the dominant ions so it is commonly 
used as a measure of salinity. Conductivity does vary with water 
temperature and many devices attempt to compensate for this.

46. C and E. The others would be viewed as ‘intensive measures’.

47. C and D. These are both concentrations (in mg L–1). Thus, multipli-
cation of the measured value by a volume gives the mass in mg.

48. C and to a lesser extent B. BOD is a measure of the amount of 
oxygen needed to remove waste organic matter by decompos-
ition. Turbidity is often associated with small particles of organic 
matter from faecal decomposition.

49. B and C are correct. A is incorrect. Use of Secchi disks is not feas-
ible in shallow streams, variable light conditions, and with clear 
but aerated water. Sometimes turbidity is correlated with other 
parameters, but the relationship derived tends to be specific for 
one location only and have a large scatter.
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50. B. Because of the purity of many natural streams, instruments 
‘drift’ and different instrument brands give quite different results, 
although this does not happen in more ‘buffered’ water. Thus, 
interstream comparisons can be misleading.

51. C. It would seem that animals tend to move out as humans move in 
and, for low human populations, not much in the bacterial flora of 
the stream changes. As populations increase, however, a threshold 
is passed and increasing population gives increasing bacterial levels.

52. D. To attempt to resolve the issue by chlorinating heavily contam-
inated water would make the water undrinkable, unusable, and 
probably toxic.

53. D. The tannin appears similar to weak tea. This can absorb oxygen 
from the water, which makes survival of oxygen-dependent fauna 
difficult. The name of a major tributary of the Amazon, the Rio 
Negro, reflects this behaviour.

54. C. A is acidification. B could be associated with eutrophication in 
that sediment can carry some nutrients (especially phosphorus) 
but is not the actual cause, D may cause hypoxia (‘dead’ water).

55. B. The particles move by both rolling and saltation.

56. C. The correct procedure would be to take enough independent 
measurements to build up a regression between a newly-installed 
 instruments and the hand-held ‘standard instrument’, then use this 
 regression for correction. This should be done as standard procedure 
at the time of each instrument installation. Ideally, the three instruments 
should give identical readings if they are measuring the same quantity. 
Our experience was always that it was difficult to make ‘instream tur-
bidimeters’ agree with laboratory or hand-held instruments because 
of a range of factors including the shallowness of natural streams, the 
irregular geometry of their bed, and air-bubbles in the water.

57. A and B, but particularly the latter. To say that it was brilliant intu-
ition belies the amount of dogged and discouraging research he 
did to make this jump. It was some decades later that scientists 
showed the mechanism of the link. However, after some resist-
ance there was a worldwide appreciation of the importance of 
good water supplies and sanitation. This, in turn, led to the search 
for ‘clean watersheds’ for cities in the second part of the 19th  
century – particularly in the relatively ‘new’ countries of the world. 
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It would be hard to overstate the importance of this intuitive leap 
in an age when the science of infection hardly existed.

58. D. Water cannot be oxidised under any naturally occurring situation.

59. B. Water obeys Newton’s Law of Viscosity well and is classed as a 
Newtonian fluid. For hydrology purposes, water is incompressible.

60. B and D are correct. A and C are incorrect – the property is rare 
and the reason that cans of drink break when frozen is that the 
molecules are more loosely packed in the frozen state. The ramifi-
cations of ‘hydrogen bonding’ is an area of chemical research.

61. B. Energy includes height energy, pressure energy, and velocity 
energy. In open channels this usually means the lowest height 
since pressure is constant and velocity is low.

62. D is incorrect. As ice turns to water its density increases. This 
means that the ice will float on the water. The chemical behaviour 
of water is viewed as ‘anomalous’ with water at low temperatures 
showing some behaviour akin to crystalline materials.

63. A. Note that the poles have no discernible rainfall.

64. A. This is a ‘classic’ rainfall mechanism.

65. B and E are incorrect. Answers A, C, and D are correct. B is incor-
rect because the concept of ‘snow ripening’ refers to when a snow-
pack can yield meltwater. This includes warming of the snowpack 
to 0°C, wetting of the snow, and coarsening of the snow texture. 
It is considered ‘ripe’ when it can hold all the water it can against 
gravity. E is because fresh snow is a porous media and will absorb 
large amounts of rainfall. This will, of course, facilitate the ‘ripening 
process’ but outflow will be delayed. The observation by da Vinci 
was a generalisation but correct. The observation on snow density 
comes from Russian literature, but 10% water content is usually 
used as an average for older snow. Small clearings and clear-cut 
areas become particularly distinct after snow because of the snow 
accumulation compared to surrounding forest.

66. B. The method lends itself well to graphic computations.

67. A. B, C and D may be locally evident – there is no ‘best answer’.

68. C. This can give some of the highest rainfalls on the earth’s surface.

69. D. Hence the name.
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70. A. Cloud forests tend to occur in tropical areas with orographic rainfall.

71. C and E are untrue. There is no evidence of cyclicity in droughts. 
Equally, there is no evidence that droughts are inevitable under  
climate change. Droughts have been known and feared since 
humans started paying attention to these things, but to date there 
is no generally accepted definition of what constitutes a ‘drought’.

72. B. 100 mm of rain is equivalent to 1ML ha-1. Hence 20 mm of rain 
is 0.2 ML ha-1. It then follows that the volume added to the water-
shed is 15 x 0.2 ML = 3 ML.

73. D. Such change is usually complex and can be difficult to interpret.

74. C would give the best result. Answer A would be unacceptable be-
cause of the random interception loss. B would have too great an inter-
ference from the canopy. C would have some interference but meets a 
commonly accepted standard. D would measure the rainfall in the air 
and it is hard to know how representative this is of the ground.

75. A. It has proven difficult to make generalisations about the  
influence of climate change on hydrologic parameters.

76. A. 75%. Roughly 25% is absorbed by the atmosphere (dust, water, 
ozone) and 50% by the earth’s surface (land and sea).

77. A and E are incorrect. Most data analyses suggest that statement 
A is incorrect – although the data may look to be normally dis-
tributed the sequential behaviour of data is not usually that of a 
normal distribution. Statement E is incorrect – there is no known 
‘self-correcting mechanism’ in annual rainfalls. Statements B, C, 
and D are borne out by many studies. In particular, Log-Pearson 
Type III distributions often fit annual data sequences better than a 
normal distribution. However this does not imply any physical law.  
The uncertainties expressed in this answer reflects difficulties in 
‘climate change’ research.

78. A. Wood is structurally fixed and trees appear to have no mech-
anism to reverse hydraulic gradients (although there is conjecture 
that some can).

79. D. All of A, B, and C. It’s a tough life for a tree living in very cold 
conditions.

80. C. The Bowen Ratio (BR) is used to characterise hydrologic environ-
ments (e.g. deserts have a BR often in excess of 10, semi-arid areas 
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have a BR between 2 and 6, temperate forests have a BR of between 
0.4 and 0.8, and tropical forests have a BR of between 0.1 and 0.3).

81. A. The effect of atmospheric drivers is mainly dealt with by the 
vapour pressure deficit and radiation terms.

82. A. High vapour pressure deficit is generally correlated with high rates 
of transpiration. The other answers could all play a role.

83. B. Some of C and D are captured in the energy balance and mass 
transfer.

84. B would be the usual place. A tends to be energy limited all the 
time. C is usually not energy limited. In D it would be rare to have 
seasonal limitations. E is usually not energy-limited and F would 
commonly experience water limitations at any time of the year.

85. B. The entropy will manifest itself in randomness and disorder.

86. B. This work has been very fruitful in giving a coherent view of 
world hydrology and can be viewed as ‘top-down’ hydrology (in 
contrast to field measurement approaches).

87. B. The concept of resistance represents the resistance to vapour 
flow through the soil and plant (xylem and stomata) and to flow 
upward from the plant, mainly friction.

88. A and B. They are relatively easy to measure. D can be measured 
with difficulty. C is often inferred by the difference between B and 
A but can also be directly measured at a plot level.

89. C or D is the concept of ‘sealed’. A and B are desirable but reflect 
the quality of the work, not whether the watershed is ‘sealed’.

90. A. All the others are components of the water balance.

91. D is correct. Transpiration includes both the evaporation from the 
earth’s surface and water passed into the atmosphere through plants. 
A is a component only. B may well be close to it but includes other 
quantities (deep seepage and error in measurements particularly).

92. E. Perrault demonstrated that the rainfall in its watershed was suf-
ficient to sustain the flow of the River Seine in about 1674. This 
was a revelation in science at the time.

93. D. Units are usually those of depth. Note that error can go on ei-
ther side of such an equation.
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94. C is true. A is false, the problem is that we don’t have a simple 
method. B is false since we can infer it from differencing rainfall and 
streamflow. D is sometimes assumed to be true for convenience, 
but is not always; every opportunity should be taken to check this.

95. D. The effect of thinning is not very long-lasting unless it is con-
tinually followed up by more thinning. This gets more difficult as 
the trees become larger.

96. A and B are correct and involve simple arithmetic (students to 
check). C is incorrect – it would be grossly optimistic to expect that 
the entire outflow could be sold to the town. In general, stream 
water will have many uses and these are sold to users at different 
prices or given away. A small portion of the water may find its way 
into an urban supply. Under most laws, water is a ‘common good’ 
and not owned by any person. Thus D is incorrect in most societies.

97. A. Streamflow is generated by sub-surface processes and tends 
to be a steady flow valued by catchment managers. Low evapo-
transpiration with forests hardly exists, ruling out B and C.  There’s 
not enough water for D to occur.

98. B and C are correct. SPAC characterises the energy level in water 
passing from the soil to the atmosphere. A is false (the water in 
the leaves is at a lower energy level usually, otherwise there would 
not be an hydraulic gradient taking water to the top of the trees). 
D is false (there is no evidence of pumping or pulsing by roots).

99. D. It’s a useful concept and often used in calculating aridity and 
classifying landscapes.

100. B. As a ratio it is dimensionless. Computations generally assume 
one-sided leaves. In application to specific forests there may be 
modifications to the definition.

101. C, E, F, and G. Method C is occasionally done but is very laborious. 
Instrument E requires specialised calibration. F and G are done 
using well-developed techniques. A porometer measures stomatal 
resistance of the leaves. B and D are flights of fancy of the authors.

102. A. It is usually complex and multi-factored.

103. C. This is the SPAC (Soil, Plant, Atmosphere, Continuum) concept.

104. C. Carbon is assimilated at higher rates for the same water cost.
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105. C. Also called ‘Digital Terrain Model (DTM)’. These have become 
a staple input for some forms of hydrologic modelling. LIDAR has 
greatly increased the detail available, too.

106. C. The length of record available from ‘LandSat’ satellites has 
been immensely valuable in hydrology studies.

107. C. Good ground work is critical to evaluation, interpretation, and 
successful use of satellite imagery.

108. B, C, and E are correct. Normalised difference vegetation index 
(NDVI) is not perfect but it is usually a good start in hydrology-based 
satellite imagery studies. The availability of drones has allowed sat-
ellite imagery to be paired with lower-level imagery too.

109. C. Big dams have many values but this is not one. However, it 
has been shown that once a dam has been there for more than a 
generation, it tends to become accepted as ‘natural’ and there 
is resistance to demolition or restoration.

110. C. It is a very non-random arrangement of components that  
reduces flow resistance.

111. E is correct. A is the inverse of D (i.e. subtract D from the months 
of the year and you get A). B would be called annual flooding fre-
quency. C might be computed from D.

112. C and D. Fresh water often limits the economy and must be harvested 
with care to avoid saltwater intrusion. Look up ‘Ghyben-Herzberg 
lenses’ for a description of this type of groundwater behaviour. A 
would be unusual. B is not the case for a coral island. E is not true.

113. C. While there is some possibility A and B could occur, it is gener-
ally believed that preferential trapping is the primary process.

114. A to C are all correct. There was widespread discussion on this 
point about 50 years ago, which led to many modifications of pub-
lished statements. It was usually difficult to demonstrate overland 
flow in forest situations. Because of compaction, agricultural land 
can have high overland flow.

115. A, B, F, occasionally E. At times of fires streamflow is often zero 
because of dry conditions.

116. C. However, there are always difficulties with which units to use 
and how to calculate it. The concept has become less popular in 
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recent years. It probably works best in arid watersheds subject to 
large, occasional storms.

117. C. The concern is that floods from various tributaries may ‘reinforce’ 
one another.

118. C. The structure accommodates a diverse range of biota because of 
the variety of in-stream habitat. Loss of the pool-riffle structure is a 
major degradation of the stream often associated with human man-
agement. The structure is usually consistent within a given landscape.

119. A, B and D are likely to be correct. By understanding how the system, 
in particular soils and vegetation, has developed we can better 
understand how the system may respond to stressors. C is possible, 
but usually higher production infers more intensive management.

120. C. From the Latin ‘saltus’ for leap, apparently. Can also occur in 
aeolian transport. Sediment particles move downstream in dis-
continuous ‘jumps’.

121. A. Usually it is a combination of many factors that combine but 
the rain exacerbates any weaknesses and the weight of the water 
dramatically increases the slope loading. Earthquakes can also 
generate many landslides but are less common.

122. D. Floods from A and C are common events. An example of B is the 
Vaiont Dam disaster. An example of E is the Mount St Helens dis-
aster. Wait long enough and D will probably happen somewhere.

123. B. Photographs of rainbows often include the shadow of the pho-
tographer pointed towards the centre.

124. B. The term ‘optimum’ implies a minimum extinction possibility.

125. Mainly B. This may have been stored in the slopes for years and is 
pushed out by the pressure of incoming rainfall infiltration. This is 
replaced by ‘new water’.

126. A, D, and E. The concept is that early in the storm the runoff is from areas 
close to the stream. As the storm continues this ‘source area’ expands.

127. A and C are incorrect. The Aswan Dam has been controversial 
and has delivered a wide range of both benefits and disbenefits. 
The flow from the Nile is no less important now than in ages past. 
Nilometers go back to Pharaonic times and have given some of 
the longest hydrographic records available.  The origins of the 
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River Nile were a major source of debate in Europe in the mid-19th 
century, with funded research expeditions to find this source.

128. B and D. This has been a pivotal piece of modern hydrology with 
the suggestion that we tend to get long ‘runs’ of good years fol-
lowed by bad years. It used a very long sequence of data from the 
flooding of the Nile River in Egypt.

129. C. The idea is attributed to English Franciscan friar William of 
Ockham (1287–1347).

130. A. It’s one approach to dealing with the complexities of nature.

131. D. The models always seem to take vastly longer than envisaged 
to get working.

132. A and C are true. D, and E may sometimes be true, B is false.

133. B. ‘Topmodel’ routed both surface and subsurface water from one 
grid cell to another based on a topographic index.

134. A is incorrect (in science, a ‘double-blind’ experiment with replica-
tion would occupy that hierarchy). B is correct. C is ‘Maybe’ – the 
inherent variability of watersheds means that a true replication of  
Land-use 1 probably can’t be obtained. D is correct. E is incorrect – 
any watershed is on a trajectory of change over time, so the con-
trol will also change. F is correct in that the calibration will allow 
gross differences in behaviour of the basins to be characterised.

135. C and E. Often the skewness of distributions of storms is so great 
that analysts hypothesise that large storms come from a separate 
distribution to that of small storms.

136. A and D are correct. B is incorrect in that, for that combination of units, 
K would be 104. (To convert A from hectares to m2, multiply by 104. 
Remembering that 1 mm depth of water on 1 m2 is 1 litre, then multi-
plying by 104 gives units of litres per hour.) C is incorrect in that although 
parameter C is a function of I, a large value of I implies a high C coefficient.

137. D. Usually some of the points would be labelled to show time.  
A change in the gradient indicates a change in the relationship 
between the two (e.g. deforestation). The method subordinates 
detail (by integration) to give an overview. It was a favourite form 
of graphical analysis in pre-computer days.

138. D. Although all of these could contribute to high flows, we would really 
need data such as land use, vegetation type, and soil properties.
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139. A. The effects can be very severe.

140. A. Base flow is viewed as a smooth, continuous outflow formed by 
groundwater processes contributing to stream channels.

141. C. 0.9. There is about a 10% loss due to wetting of surfaces, capil-
lary storage, and evaporation.

142. A, C, E, and F. There are usually many compromises inherent in 
such strategies.

143. D. In urban hydrology this leads to a range of infiltration structures 
and ‘trapping dams’.

144. B. Traffic continually mobilises sediment on the wet road surface, 
adding to the proclivity for pollution.

145. A. This assumes the crop had the physical structure to intercept 
the water and hold it in the root zone. Other hydrologic character-
istics would differ, however.

146. A, B, and C would be accepted. Because the experiment may go on 
for 50 years or more, the concept of a ‘stationary control’ becomes 
doubtful. Answers D and E come under the category of ‘wishful 
thinking’. Because each watershed is unique there is little possi-
bility of true ‘replication’, and usually the cost and area involved 
prohibit this. A ‘double-blind’ approach may be possible but to date 
the logistics and the analytical difficulties have precluded this.

147. D. The response is typical of this situation. Thinning (A) would give 
a somewhat similar response but the magnitude of the increase 
would be less.

148. D would be the usual response. The flow increase is usually asso-
ciated with site preparation killing off the pasture.

149. B is the likely response. As the pine ages its water use increases 
but it never matches the water use of the mature native forest.

150. C. This experiment has not often been done but the results are 
consistent and suggest that the trees along the streams do a dis-
proportionate share of the watershed’s transpiration.

151. B and C are relatively easy to show. We’ve never heard of anyone 
finding A, D, or E in upland watersheds.

152. D would be very likely, followed by B and A. Causes C and E would 
be most unlikely in usual circumstances. Turbulence-induced level 
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fluctuations in measurement structures is a major issue in hy-
drology measurement.

153. A, C, and D. The streamflow at the start of the storm is ‘antecedent 
flow’ and is an indicator of wet watersheds. The work showed that the 
wetter the watershed the greater the watershed response to a given 
period of rainfall. B is a figment of imagination (but may well be true, 
since this indicates a porous mantle). E is a figment of the imagination.

154. C. This reflects the diminution of evapotranspiration for a period, 
followed by the growth of understorey and canopy trees.

155. All of the above. In 1967 Alden Hibbert formulated three long-lived 
hypotheses: (1) reduction of forest cover increases water yield; (2) 
establishment of forest cover on sparsely vegetated land decreases 
water yield; and (3) response to treatment is highly variable and for 
the most part unpredictable. Examination of many studies suggest 
that the variation observed is covered by these hypotheses (par-
ticularly the third). The presence of snow in the areas particularly 
appears to increase the difficulty of making a correct prediction.

156. B. Liquid water cannot flow below this layer, so that permafrost 
environments tend to be very boggy in summer.

157. B. It’s a failure that has been repeated many times around the 
world since.

158. B. Most hydrologic change are cumulative effects, but scientific hydrology 
finds it difficult to deal with more than one or two  effects at a time.

159. B and perhaps D. This was the sub-title of a conference on cumu-
lative effects some years ago. In general, attempts to show the 
existence of cumulative effects in complex watersheds have not 
been markedly successful and have often been controversial.

160. B. The Wagon Wheel Gap (1910–1926) was the first such experiment 
and looked at the impact of deforestation. The Emmental paired 
watershed measurement project started in 1903 and continues today 
but did not have an experimental component and hence was not an 
‘experiment’. Coweeta, Croppers Creek, Mokobulaan, (and many 
others) followed the model of the early watershed experiments.

161. B and D. He was one of the first to question the role of ‘overland 
flow’ in forest environments, and did much experimental work.
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