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1. Introduction
Hydrology is a quantitative geoscience that describes and seeks to predict the
distribution, spatio-temporal variability and circulation of water. Hydrology was
born from the need to answer practical questions about water management and
water-related hazards. Hydrology has existed for thousands of years as early civ-
ilizations of the Indus in Pakistan, the Tigris and Euphrates in Mesopotamia, the
Hwang Ho in China and the Nile in Egypt were building hydraulic structures like
canals, levees and dams.

2. Conservation Equations
A model of a system is a conceptually defined region that receives inputs of a con-
servative quantity and discharges outputs of that quantity. The system may store
some amount of the quantity. We define a conservative quantity as one that cannot
be created or destroyed within the system. Mass [M ], momentum [MLT−1] and
energy [ML2T−2] are all conservative quantities.

The basic conservation equation states that the amount of the conservative
quantity entering a control volume, minus the amount leaving the volume during
the time period, equals the change in the amount of the quantity stored during the
time period.

Amount In - Amount Out = Change in Storage (1)

Another way to state this is:

I

∆t
− Q

∆t
= mI −mQ =

∆S

∆t
(2)

Where I is the amount of a conservative quantity entering a region in time period
∆t and Q is the amount of a conservative quantity leaving a region in time period
∆t and ∆S is the change in storage. By taking the limit as ∆t tends to zero
i = lim∆t→0

I
∆t

, q = lim∆t→0
Q
∆t

i(t)− q(t) =
dS

dt
(3)

All these conservation equations are the water balance equations and they
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can be applied to conservative quantities through various portions of the hydro-
logic cycle, from pore to global.

2a. Example of a linear reservoir

In a linear reservoir, discharge is proportional to the storage q(t) = KS(t) where
K is a proportionality constant that doesn’t depend on time.

i− q = i−KS =
dS

dt
(4)

we multiply by eKt

eKt dS

dt
+ eKtKS = ieKt (5)

d(SeKt)

dt
= ieKt (6)∫ t

0

d(SeKt) =

∫ t

0

ieKtdt (7)

SeKt − S0 =
i

K
(eKt − 1) (8)

S = S0e
−Kt +

i

K
(1− e−Kt) (9)

3. The Watershed
We often use the conservation equation above to describe the hydrologic charac-
teristics of a geographical region. Most commonly, this is a watershed (drainage
basin, river basin or catchment). Defined as ”the topographically-defined area
that contributes all the water that passes through a given cross section of a stream.
This is a natural unit for water-resource and land-use planning. Hydrologists usu-
ally delineate watersheds above stream-gaging stations or other important points
(reservoirs etc.) There are infiniete number of watersheds can be drawn for a
stream. Currently, topographic information is becoming available via digital ele-
vation models (DEMs) and computer programs can delineate watersheds.

• A watershed is divided from other watersheds through a watershed divide.
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• The watershed surface has 3-D topogrphy drained by a stream network.

• Contour lines are typically used to represent lines of constant elevation. A
stream is perpendicular to the contour lines.

Figure 1: Delineating a Watershed 1

We are part of the Colorado River Basin, which begins in the high mountains
of the Rockies in Colorado and Wyoming, and flows to the Gulf of California
in the Colorado River delta in Mexico. 75% of the river’s flow is supplied by
mountain headwaters but most of the basin is in the semiarid desert and at a mean
discharge of 40 m3/s is one of the driest in he world (compare to the 18,400 m3/s
in the Lower Mississippi). Nearly all tributaries in the lower basin are intermittent,
Tucson lies in the Santa Cruz river basin which is part of the Gila river basin.
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Figure 2: Delineating a Watershed 2
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Figure 3: Example Watershed Delineation
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Figure 4: Colorado and Gila River Basin
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4. Application of the Water-Balance Equation to the
Watershed

Figure 5: Figure 2-3 of Dingman

When looking at a time period of length ∆t, we can write the water balance
equation as:

P + Gin − (Q + ET + Gout) = ∆S (10)

Where P is precipitation, Gin is ground-water inflow, Q is stream outflow, ET
is evapotranspiration, Gout is ground-water outflow, and ∆S is the change in all
forms of storage over the time period. All dimensions are [L3]. Averaged over
many years the net change in storage is 0.The total amount of liquid water leaving
the region is called runoff. RO = Q + Gout, and it represents the water that
is available for human use and management. Closing the water balance entails
measurements of all the components in 10. It is difficult because we must:

• Define the control volume boundaries

• Estimate fluxes at the boundaries over space and time

• Know the system storage capacity

• Know the internal redistribution within the control volume

5. Spatio-Temporal Variability
Rates of input and output of hydrologic variables vary spatially and temporally.
As an example, topography and soil characteristics influence soil moisture distri-
bution. In particular during wet events (during or after storms).

In addition, S(x,t), I(x,t), Q(x,t) are functions of both space and time. For
example look at the rainfall (I) and discharge (Q) measurements in a research
watershed in North Carolina over 1983.
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Figure 6: Soil moisture measurements in a small basin in Tarrawarra, Australia
(From E. Vivoni)
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Figure 7: Temporal variability on hydrologic inputs and outputs for the Coweeta
Laboratory, basin W34 (From E. Vivoni)
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The temporal variability in the inputs and outputs is represented through a
time series. Notice that the amount of discharge leaving is not always the same
proportion to the rainfall received. The runoff coefficient is defined as:

r =
Q

I
(11)

Where the overbar implies a temporal average over a specified period. Notice
that the rainfall-runoff coefficient is also a timeseries, and that the transformation
is nonlinear implying that a unit amount of rainfall does not necessarily produce
a unit amount of discharge (linear reservoir approximation is limited. The im-
portance of time variability is evident when we think of streamflow available for
humans. We cannot rely on the mean flow to be available most of the time, so
we must know what streamflow rate is available a large percentage of the time.
The variability is related to seasonal and interannual variability and inversely pro-
portional to storage (variability is measured through the coefficient of variation or
ratio between quartiles). Storage also increases the persistence, or the tendency
for high values of a time-distributed variable to be followed by high values and
low values by low values (measured by autocorrelation coefficient).Humans in-
crease water availability by building storage reservoirs.

We can use the concept of residence time to understand these relations. Res-
idence time is a relative measure of the storage effect of a reservoir, equal to the
average length of time that a “parcel” of water spends in the reservoir. We calcu-
late the residence time by calculating the average mass of a substance of interest
in the reservoir by the average rate of outflow (Q or I). TR = S/Q = S/I For
linear reservoirs:

Figure 8: Figure 2-8 Dingman

6. Hydrologic Modeling
• The goal is to predict, forecast and gain understanding of processes. It em-

phasizes features appropriate for its purpose while omitting other features.

• Represents a portion of the world. Simplified for a specific purpose
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• Produces an output from an input

• It is constructed at a particular scale.

There are many different types of models and different ways to classify them.
We can divide them according to the way they represent the physical processes:

1. Physically based

2. Conceptual

3. Empirical/Regression

4. Stochastic time series

We can also classify them according to their spatial representation:

1. Lumped

2. Distributed

3. Coordinate System

12


