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Water flows through forests in many ways, so it is di�cult to

understand and predict where and when it will flow. Understanding

how water flows through forests is important, as it a�ects many of

the services that forests o�er to people, like lumber for houses and

cleaner air. Water scientists (called hydrologists) have away to reduce

the complex water flow of a forest into something we can explain

with simple math: they turn forests into buckets! In this article, we

describe a forest “water park,” where leafy and bark buckets fill and

empty into each other or onto the forest floor. These buckets help

us describe and predict water flows in forests using simple arithmetic

and statistics. We focus on the flow of rainwater as it drains through

the canopy to the ground, contributing water needed for tree growth

and filling the groundwater that we drink.
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WATER SCIENTISTS AND THEIR LOVE OF BUCKETS

Water is an important part of nature, our societies, and our individual
lives. It is cycling all the time—from land to the clouds; returning as
precipitation; filling rivers, lakes, and seas; recharging groundwater
aquifers; forming surface runo�; wetting fields and forests; and
watering plants and trees. This movement of water is called the water
cycle and it is studied by scientists called hydrologists. Hydrologists

HYDROLOGIST

Scientist, who studies
water and its
movement around
the planet.

observe the various water processes in nature, trying to understand
and predict them. Some water flows are hard to follow—for example,
it is hard to watch liquid water become an invisible gas through
evaporation. This makes the water cycle di�cult to understand and

EVAPORATION

A major process in the
water cycle that
happens when liquid
water turns into a gas.

evenmore di�cult to explain or predict. To think about these complex
processes, hydrologists imagine that all these processes act as one
big water park full of interconnected buckets. Some buckets are being
filled with rainfall, others with snow, and some are already full of water,
which starts to overflow.

This mental “model” of nature may sound crazy, but it is actually quite
useful in helping us understand and manage water. How? Well, let
us begin by admitting something obvious: nature is very complex, so
it can be hard to understand and predict. Even when we focus on
one important piece of the water cycle—like, “how does rain recharge
the soil in a forest?”—a lot of complexity remains [1]. For example,
to reach the soil, rainwater must pass through the forest’s canopy,
which has leaves and branches that stick out in all directions and angles
(Figure 1A). At any point during a storm, rainwater could be stuck or
moving or splashing anywhere throughout that forest canopy! How
can we keep track of all the water—at all times during the storm and at
all places in the canopy—to understand howmuch rain reaches the soil
(Figure 1B)? We cannot, at least not without enormous expense and
di�culty. But hydrologists using the “water park” approach investigate
this complex process using a scientific technique called reductionism,

REDUCTIONISM

Analyzing and
describing a complex
process in a simple
way, so that humans
can better understand a
process and
make predictions.

which is a way to describe something complex in a simple way. All
those branches and leaves can be thought of as buckets (Figure 1C)!
No matter where the rainwater is sitting in the forest’s canopy, it is
now simply sitting in a bucket. When a canopy bucket fills up, the
extra rainwater empties out onto the soil below. Another benefit of this
reduction (turning a canopy into a bucket) is that we can now usemath
to describe the evaporation (E) process, called rainfall interception,

RAINFALL

INTERCEPTION

The part of rain (or
snow) that does not
make it to the ground
beneath plants,
because some of it
evaporates while
passing through plants’
leaves and branches.

with some simple arithmetic:

E = R − RT − RS

In this equation, evaporation from rainfall interception (E) is really hard
to measure (in fact, hydrologists still have not figured out how to
measure this consistently [2]), but each of the letters on the right side
of the equation represent something we can measure directly. If we
measure the rain (R) falling in an open area next to trees, the rain that
drips to the ground beneath the trees as throughfall (RT), and the

THROUGHFALL

Rainwater that falls
through gaps in the
forest and that drips
from leaves and
branches to
the ground.
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Figure 1

Figure 1

(A) A complex forest
canopy. (B) In real life,
the flow of rainwater
through the canopy to
the ground is a messy
process. Blue arrows
show rainfall and red
arrows are evaporation.
(C) Using reductionism,
hydrologists can
create a simple bucket
model to make water
flow in the forest easier
to understand. This
allows us to use simple
math to describe the
process of rainfall
interception as the
filling and emptying of
the bucket. rain that drains down the tree trunks as stemflow (RS), then we can

STEMFLOW

Rainwater that drains
down the tree trunk to
the forest floor.

estimate E.

POKING HOLES IN HYDROLOGISTS’ BUCKETS

Most of a hydrologists’ buckets have a big hole at the top, so that
storms can fill the buckets and evaporation can empty them. This is
the case for a canopy bucket—the rain fills it up, while some water
is constantly evaporating back into the atmosphere. But, to make the
canopy bucket reduction more useful, we must poke two holes in it:
one for throughfall and another for stemflow. These holes need to
change based on how much water enters the canopy bucket over
time. And all canopy buckets are not the same because there aremany
di�erent kinds of trees.

Let us say that the bucket model is being used by hydrologists to
understand and predict stemflow. The amount and timing of stemflow
mostly depend on how much water the tree bucket can hold, how
well the tree can drain rainwater to the trunk, and how the storm
delivers the rainfall. All three of these categories are described by what
are called variables, describing characteristics or values that can be

VARIABLES

Characteristics,
number, or quantity
that can be measured
or counted.

measured or counted. For example, some trees have flat leaves, others
have needles, and the leaves of some trees fall o� during the winter.
Trees can have a lot of trunks and branches or only one main trunk,
and some trees have smooth bark while the others have thick, rough
bark. All of these are di�erent variables/tree properties that determine
the size of the bucket and how well the canopy will drain rainwater
to that bucket (Figure 2). That is a lot of properties, so let us reduce
them all to a single number that will adjust the rainfall amount by
the portion of rainfall that is captured by the canopy and drained to
the trunk. Hydrologists call this the trunk drainage coe�cient (pt),

TRUNK DRAINAGE

COEFFICIENT

The portion of rainfall
that is captured by the
canopy and drained to
the trunk.

and it can range from 0 to 100%! Thus, the bucket that overflows
to make stemflow only receives the rainfall (R) times this coe�cient,
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Figure 2

Figure 2

Di�erent types of trees
have di�erent canopy
properties that a�ect
the flow of rainwater to
the ground. (A) This
tree has a smaller water
storage bucket that
drains greater amounts
of rainwater to the
trunk, compared to the
tree in (B), which has a
larger water storage
bucket that poorly
drains rainwater to the
trunk.

and minus the evaporation. Since the amount of water in the bucket
(C) can sometimes be less than the total capacity of the bucket (S),
we can adjust the evaporation rate [3]. Using math, we can write it
like this:

RS = (R×pt) − (E× C/S)

To estimate the evaporation rate, we need also information about
the weather. Water will run down the trunk di�erently during a short,
intense summer rainstorm, a long winter rainstorm, or a gentle spring
drizzle. It is as if di�erent holes are poked in the bucket depending on
how much rain falls during the storm, how long it falls for, how much
wind is blowing, whether it is warm or cold, and whether raindrops are
large, small, numerous, or scattered. So, what is a useful way to deal
with all these interacting conditions?

STATISTICS: CRAFTING BUCKETS FOR ALLWEATHER AND

TREES

If we are not careful, all of these interacting forest and weather
variables can turn our simple bucket water park back into a complex
mess. Then, the equations we described above will seem too simple
to be useful. But this does not happen because hydrologists pair
these reductions with other mathematical methods, called statistics.
This field of math helps us to make sense of large amounts of data,
including its collection, organization, and analysis.

For example, hydrologists will often look to see if stemflow from
a certain tree has a relationship with one weather variable, like the
amount of rainfall. This relationship, called a correlation, can help us
calculate the size of the bucket, how well the canopy drains rainwater
to the trunk, and even how much evaporation occurs on the bark!
Figure 3A shows an example tree that required 10mm of rainfall to fill
the canopy bucket and to get the bark wet enough to start stemflow
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Figure 3

Figure 3

Statistical analysis of
stemflow data for an
example tree. (A) A
simple correlation plot
between rainfall and
stemflow that shows
how a bucket can be
sized (the lowest point
on the horizontal axis)
and the drainage
coe�cient estimated
(blue and red arrows).
(B) A simplification of a
more complex
statistical method,
showing consideration
of more variables in
determining the most
appropriate type of
bucket [4]. Using more
observations of
stemflow across more
types of storms, we can
discover what types of
buckets would be
better for windy or
calm conditions or for
storms of di�erent
durations (longer or
shorter).

flowing. Once stemflow began, the tree canopy could drain 1mm of
every additional 10mm of rain to the trunk as stemflow. So, we now
have the bucket size (10mm) and the stem drainage coe�cient (1/10
= 10%) for this tree!

This example uses only two variables, but we can look for correlations
between stemflow and all the tree and weather variables at the
same time, using more complex statistical methods. For example,
hydrologists can use statistics to represent a tree canopy as di�erent
types of buckets according to di�erent weather conditions (Figure 3B).
In thisway, hydrologists can still use the bucket concept even if the tree
canopy responds di�erently in big windy storms compared to small
windless storms. Using these methods, hydrologists can not only poke
the right kinds of holes in the bucket, but they can also understand
why some holes should be larger or why they should be positioned
di�erently. These methods transform the messy reality of nature into
the neat and orderly bucket water park.

THE IMPORTANCE OF HYDROLOGISTS’ BUCKETS

Water is needed for all life on Earth, so it is no wonder that there is
water all over our planet—including inside the Earth and inside us! It
is therefore di�cult to know where water is, how it moves around,
and when it is where. Still, it is important to follow, understand, and
predict the water cycle and how human actions will influence it. To
reduce this complex water cycle into something we humans can
follow, understand, and predict, the reductionist bucket approach is
very useful. In this article, we focused on one type of bucket (the forest
canopy) and one type of water flow that occurs during storms in the
forest (stemflow). The forest bucket and its water flows are extremely
important to understand because forests provide many services to
humanity—from producing lumber used to build houses to cooling
the air. Many of these services depend on the way water flows through
the forest “water park.” By reducing the complexity of the forest water
cycle, hydrologists can describe those complex processes usingmath,
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which you now know is simple enough to be learned by kids all over
the world!
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