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Abstract

Our objective is to characterize and assess upper division and graduate student think-
ing in hydrology. We accomplish this through development and testing of an assess-
ment tool for a physical hydrology class. Students were asked to respond to two ques-
tions that probed understanding and one question that assessed their ability to apply5

their knowledge. Student and expert responses to the questions were then used to de-
velop a rubric to score responses. Using the rubric, three researchers independently
blind-coded the full set of pre and post artifacts, resulting in 89 % inter-rater agreement
on the pre-tests and 83 % agreement on the post-tests. This result has limitations, in-
cluding the small number of participants who were all from one institution and the fact10

that the rubric was still under development. Nevertheless, the high inter-rater agree-
ment from a group of experts is significant; the rubric we developed is a potentially
useful tool for assessment of learning and understanding physical hydrology.

1 Introduction and objectives

Hydrology, as a field, has become increasingly interdisciplinary and technologically15

complex, and as a consequence there have been calls for examining, evaluating and
enhancing hydrology education at the upper division and graduate level (Bourget, 2006;
Ngambeki et al., 2012; Merwade and Ruddell, 2012). Hydrology education at this level
is primarily intended as preparation for either applied or research careers, although
not all students in these courses will become hydrologists. In an early step toward ex-20

amining the field, Groves and Moody (1992) performed an extensive survey of topics
covered in hydrology courses. The results were intended as a resource to the com-
munity, rather than an indication of what should be taught. More recently, Wagener
et al. (2007) called for the hydrology education community to “analyse, synthesize, and
unite hydrology education”. These authors surveyed university hydrology educators25

about current teaching methods and ways that curriculum and instructor preparation
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could be improved. They found identifying “common principles, core knowledge, and
approaches” to be a major challenge within the hydrology community.

The work described here was undertaken with a goal of contributing to the effort to
articulate this common knowledge base and identify effective instructional strategies to
help students develop it. Specifically, this study addresses the research question: how5

can we characterize and assess upper division and graduate student thinking about
physical hydrology?

This research is part of a larger effort to evaluate curriculum reform in physical hy-
drology. In order to assess the effectiveness of any curriculum development, it is first
necessary to identify the goals (desired learning outcomes) of the proposed instruc-10

tion, and then to determine a means of assessing whether those goals have been met.
Finally, it is also necessary to “identify any misconceptions, preconceptions, and diffi-
culties associated with the specific subject” prior to the curriculum development effort
(Ben-Zvi Assarf and Orion, 2005). Following these steps, we have proposed a set of
overarching goals and prototyped an instrument to assess them. After describing the15

research setting, we discuss the learning goals we have identified, as well as the war-
rants (justifications) for them. We then describe the development of our assessment
instrument and its accompanying rubric. Finally, we report and discuss assessment re-
sults from a control group of students, i.e. before the implementation of the curriculum
intervention, followed by the conclusions we draw from this work.20

2 Methodology

2.1 Setting and participants

The research we report here took place in two sections, one upper division under-
graduate and one graduate, of a physical hydrology course, taught by one of the au-
thors (MBC), at a large research university. Both sections met three hours per week,25

and there was no laboratory or field component. Students completed homework sets,
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typically involving calculations modeling processes with Excel spreadsheets, as well
as synthesis questions requiring students to describe processes or trends identified in
the quantitative exercises. In addition, students worked in groups to complete a project
requiring analysis of actual hydrological data to answer a question. All students were
given the opportunity to consent to participate in the research and 15 of the undergrad-5

uates and ten of the graduate students signed informed consent forms. The participants
were roughly equally split between male and female students.

2.2 Learning outcomes for physical hydrology

As a starting point, we reviewed the learning goals for the physical hydrology course
(identical for the undergraduate and graduate sections) as presented in the syllabus.10

These were:

– Quantitative process-based understanding of hydrologic processes,

– Experience with different methods in hydrology,

– Learning, problem solving, communication skills.

The first two goals clearly define outcomes related directly to hydrology, whereas the15

third bullet consists of what have been labeled “Twenty First Century Skills”; although
they are certainly critical outcomes in all STEM education, they are not unique to hy-
drology. We chose to focus on the hydrology goals in developing our assessment,
although it arguably also demands evidence of learning, problem solving and (given
that it was an open-ended assessment requiring students to represent their thoughts20

in words or illustrations) communication skills.
These first two goals might be translated as “knowing what hydrology as a commu-

nity has come to understand through its collective work” and “knowing how to apply
that knowledge to answer questions through hydrological research or solve problems
in hydrological practice”. As such they represent a logical parsing of the hydrological25
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enterprise, with the distinction of the focus on processes. This focus on process is sup-
ported in previous scholarship on hydrology education. For example, Nash et al. (1990)
listed “to develop and improve awareness of the totality of interconnected (mainly phys-
ical) processes involved in the hydrological cycle” first among the goals of hydrology
education (emphasis added).5

2.3 Key questions and tasks for the assessment tool

We then engaged in the process of “unpacking” these hydrology-specific goals and
converting them into measurable, i.e. performance related, objectives. In other words,
we considered the question: What should students who have achieved these goals
be able to do? We argue that an understanding of hydrological processes requires10

that students be able to do two things: (1) describe the significant processes in the
hydrological cycle in detail (and in their own words) and (2) describe (again in detail and
in their own words) the laws governing these processes, i.e. governing the existence
and movement of water in natural systems. We translated these two objectives into
equivalent open-ended questions:15

Q1. In your understanding, what are the most important processes involved in hy-
drology? Describe them in as much detail as you can.

Q2. What are the relevant physical laws that govern hydrology and how do these
laws determine hydrological processes? Describe them in as much detail as you can.

Appropriate responses to these questions might demonstrate familiarity with the20

scope of collective knowledge of the hydrology community, but still do not demonstrate
the ability to apply that understanding to answer questions or make quantitative pre-
dictions, as called for by Manduca et al. (2008). Dooge (1986) posits that hydrology in-
volves developing both explanatory theories (i.e. the relationship between the laws and
processes represented in the response to Q1 and Q2) and predictive models. To as-25

sess students’ ability to solve problems and make predictions (simultaneously demon-
strating experience with different methods in hydrology) we crafted a third question:
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Q3. You have been hired as a consultant by to (1) assess how urbanization and
the current drought have affected a local spring and (2) predict what the effects will be
in the future if the drought continues. What information would you need to gather? What
measurements would you make? What analyses would you perform? Be as specific as
you can; feel free to continue on the back of the page.5

These three questions were used on the pilot (control group) implementation of the
assessment. Student and expert responses to the assessment were then used to de-
velop a rubric to score the responses, as described in the next section, and several
modifications were proposed, based on student responses, to make the intended inter-
pretation more apparent.10

2.4 Rubric development

We used a rubric development process similar to the one used in Covitt et al. (2010).
All students in both sections of the physical hydrology course during one semester
completed the assessment described above as a pre-test on the first day of class.
In addition, one of the authors (MBC) and seven of his graduate research assistants15

provided expert responses against which to judge the student work. Responses from
the experts and those students who had given informed consent were then analyzed
using a grounded process (Corbin and Strauss, 1990), meaning that the artifacts were
reviewed without prior expectation as to what they should contain; that is, they were
not evaluated against any set of standards.20

In a first round of “open coding”, two of the authors (JAM and AJC) independently
reviewed the artifacts and created codes to describe responses. For example many
participants simply stated “the water cycle” or “hydrologic cycle” in response to Q1
about the most important processes in hydrology. These were grouped together under
a code of “water cycle”, indicating that respondents understood the significance of the25

hydrologic cycle, but had not demonstrated knowledge of the processes involved in it,
or how they would determine the location and flow of water. Other examples of codes
for responses to Q1 include “sun” (“heat pump generated by the sun”), “human activity”
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(“sustainable use of water”, “preparing water to be tap water”, “drilling”) and “filtering”
(“natural filtering”). A common response to Q2 was simply to list “Darcy’s Law”, with
no further description. This received a code of “name of law”. A common response to
Q3 was simply to state what likely outcomes of urbanization and drought would be,
with no explanation of how these would be determined (“I suppose that with a lack of5

water coming into the system one could expect the system to dry up.”). These received
a code of “statement of effects”.

The open codes were then compared and a common set of descriptive codes was
negotiated. The codes were then grouped by themes (such as “driving forces”, “com-
parisons”, “measurements”, etc.) to build a model of the phenomenon in question, i.e. to10

characterize student understanding of physical hydrology. The expert responses con-
stituted the “upper anchor” (the level of understanding at which students are ideally
intended to leave the course) for the progression of understanding. Pre-college stu-
dent conceptions of the water cycle, as reported in the literature, were taken as the
“lower anchor” (what students could be expected to bring to the course) (NRC, 2007).15

The responses were then assigned to four categories: no indication of understand-
ing (the “0” column on the rubric shown in Table 1), some recognition of concepts (“1”),
basic understanding (“2”), and full understanding (“3”). “Full understanding”, while not
really requiring the expertise of a working hydrologist, would be expected of an ad-
vanced graduate student. Descriptors for this category were developed based on grad-20

uate research assistant responses to the instrument. The “no understanding” category
was reserved for students who did not respond at all, responded with “I don’t know”
or the equivalent, or gave a completely unrelated response. “Some recognition” cate-
gorized responses that contained elements of a correct response, which might have
been encountered in previous course work, but were incomplete in some significant25

way. “Basic understanding” indicated signs of knowledge not likely to have been ob-
tained other than in a hydrology course. Students whose responses fell in this category
display a complete, if skeletal, response, for example, giving an exhaustive list of pro-
cesses in the hydrological cycle in response to the first question, but not describing
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how they related to the presence and movement of water. The descriptors for the “2”
category were developed from responses that were judged to have demonstrated this
basic understanding. The complete rubric is given in Table 1, followed by an exemplar
chart with a sample response for each cell.

A draft rubric was shared with the research team that had provided the expert codes5

(one of the authors (MBC) and his graduate research assistants) who then used the
rubric to code a sample of the artifacts from the first implementation and make sugges-
tions for revisions and clarifications. The resulting rubric was then used by two of the
authors (JAM and AJC) and five members of the research team independently to code
a subset of the artifacts. The team then met to negotiate a consensus score on each10

item; further clarifications of the rubric and revision of the assessment were made.
For example, some students appeared to have read the first question as asking them

to give the “most important process” rather than “processes” and struggled to decide
which element of the hydrological cycle was most important. Likewise, at least one
student seemed to interpret the phrase “in your understanding” (intended to make stu-15

dents understand that we were looking for their own formulation, rather than a set,
memorized response) to mean “in your opinion” or “in your own research area of in-
terest” and reported the process most relevant to her/his own research. This led to
a revision of the first question:

Q1. What are the important physical processes involved in hydrology? Describe how20

they affect hydrologic systems in as much detail as you can.
Finally, a subset of the team (three graduate researchers) independently coded the

full set of pre and post artifacts (blinded as to whether they were pre or post, graduate
or undergraduate), resulting in 89 % inter-rater agreement on the pre-tests and 83 %
agreement on the post-tests.25

10102

http://www.hydrol-earth-syst-sci-discuss.net
http://www.hydrol-earth-syst-sci-discuss.net/9/10095/2012/hessd-9-10095-2012-print.pdf
http://www.hydrol-earth-syst-sci-discuss.net/9/10095/2012/hessd-9-10095-2012-discussion.html
http://creativecommons.org/licenses/by/3.0/


HESSD
9, 10095–10113, 2012

Assessing student
understanding of

physical hydrology

J. A. Marshall et al.

Title Page

Abstract Introduction

Conclusions References

Tables Figures

J I

J I

Back Close

Full Screen / Esc

Printer-friendly Version

Interactive Discussion

D
iscussion

P
aper

|
D

iscussion
P

aper
|

D
iscussion

P
aper

|
D

iscussion
P

aper
|

3 Results of control course sample application

Here we present the responses of students from the control implementation, who did
not experience the proposed curriculum intervention, to illustrate the use of the rubric
and to characterize student thinking prior to and following a more traditional curriculum
implementation. When asked what were the “most important processes involved in5

hydrology”, most students interpreted Q1 in terms of physical processes affecting the
water cycle, the primary organizing framework for hydrology, as intended.

For the first category, students simply cited the water cycle or mentioned the sun,
precipitation and/or evaporation, with no mention of surface/groundwater interactions,
infiltration, transpiration, etc., displaying a lack of recognition of ground-water and bio-10

logical interactions common in novice students (Shepardson et al., 2009; Siegel, 2008).
Mention of changes of state was common, which is to be expected given that this

topic is emphasized at the pre-college level, e.g. in the draft next generation science
standards (Achieve, 2012) as well as many state standards. It was also common for stu-
dents to mention issues related to technology, such as drilling, or water management15

(Nash et al., 1990). Some respondents interpreted the question to broadly include the
activities of hydrologists as opposed to natural processes involved in the hydrological
science (leading to a debate about possible revision of Q1). For example one student
gave “to estimate the flow of subsurface water as accurately as possible” as an impor-
tant process.20

On the pre-test, one student scored “0”, indicating no response, on this question
(Fig. 1a). Twenty students scored “1”, indicating rudimentary understanding, four stu-
dents scored “2”, indicating a basic understanding, and no student scored “3”. This
indicates that, as might be expected prior to instruction, most students were solidly
positioned at the “lower anchor” of the learning trajectory for physical hydrology, that25

is, they entered the course with the understanding typically achievable in pre-college
education. An engineering-oriented interpretation of what was meant by “processes in
hydrology” may have led some students to focus on career aspects rather than the
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scientific basis for hydrology, an issue that has been raised previously in the literature
(Nash et al., 1990).

Student scores on this question improved on the post-test (Fig. 1b). On the 22 post-
tests that were blind scored, eleven students demonstrated some recognition of con-
cepts, nine students showed a basic understanding, and two students had a full under-5

standing of the processes linked to hydrology. Half the students had provided evidence
of the desired understanding (at the basic or full level); however, half still demonstrated
only a rudimentary understanding. It should be noted, however, that as the post-test
was ungraded, some students may not have devoted their full efforts to it, so these
results cannot be viewed as a definitive indication of student understanding.10

Results on Q2 (laws governing hydrology) showed the same pattern (see Fig. 1) On
the pre-test, two students scored “0” (no response), 21 students scored “1”, indicating
rudimentary understanding, two students scored “2”, and no student scored “3”. On the
post-test, again approximately half the students achieved the desired understanding:
nine students showed some recognition of concepts, 12 students demonstrated a ba-15

sic understanding, and one student exhibited full understanding of the laws linked to
hydrology.

On Q3, no students scored “0” (i.e. all were able to submit a relevant response),
eight students scored “1”, 16 students scored “2”, and one student scored “3”. On
the post-test, one student showed some recognition of concepts, 16 students demon-20

strated a basic understanding, and five students demonstrated a full understanding of
the methods linked to physical hydrology.

As can be seen in Fig. 1, students were significantly better at responding to Q3 (the
application) as opposed to Q1 and Q2, which were more abstract. Research has shown
(contrary to the beliefs of many instructors) that students are often better able to bring25

resources to bear to solve contextualized problems when they are unable to deal with
more abstract tasks (Nathan and Petrosino, 2003; Brown et al., 1989).
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4 Discussion

In the last two decades, there have been a limited number of studies of student un-
derstanding of hydrology and how it evolves over the course of schooling. These have
been concentrated primarily at the pre-college level (Dove et al., 1999; Shepardson
et al., 2005, 2007, 2009; Dickerson and Dawkins, 2004; Dickerson et al., 2005; Ben-5

Zvi Assarf and Orion, 2005; Covitt et al., 2010; Schwartz, 2011), with a smaller number
looking at introductory college courses (Dickerson et al., 2005; Smith et al., 2006; Sib-
ley et al., 2007; Rappaport, 2009; Fryar et al., 2010, Rathburn and Weinberg, 2011)
and a very limited number at the upper division undergraduate/graduate level (Dicker-
son et al., 2005).10

Understanding of the hydrologic cycle (water cycle), especially its physical drivers,
proved challenging for the participants in this study, as has been reported in previ-
ous studies. Difficulties included incorporating ground water (Dickerson and Dawkins,
2004; Dickerson et al., 2005; Shepardson et al., 2009), surface-ground water interac-
tions (Siegel, 2008), perceptions of the hydrological system as static, i.e. not relating15

processes and drivers to flow of water (Ben-Zvi Assarf and Orion, 2005), and a non-
systems approach, i.e. failure to articulate how the laws and processes related to each
other (Kali et al., 2003). Students also frequently either neglected, or exaggerated bio-
logical and human interactions with hydrological systems (Dove et al., 1999; Shepard-
son et al., 2009; Covitt et al., 2010). For example, on the pretest students rarely men-20

tioned evapotranspiration, in which vegetation plays a critical role, but cited “human
processes- such as filtering, preparing water to be tap water, or industrial processes”
as the most critical aspects of the hydrological cycle.

It should be noted that student results on standardized assessments often do not
parallel other assessments of course outcomes, most notably grades. Even students25

whose academic success has made them eligible for honors science coursework are
not always able to respond successfully to conceptual assessments of subject matter
(Thacker et al., 1994). On the one hand, this clearly indicates a limitation of this type
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of assessment. Students are not able to show the full range of what they know and
are able to do in a limited time and on only one type of assessment (Hake, 2011).
Education researchers, even those who argue the value of standardized assessments,
recognize the need for multiple forms of assessment for this very reason (Valenzuela,
2002). On the other hand, the results do give an indication of ways in which instruction5

might be redesigned to target particular difficulties, as recommended by Ben-Zvi Assarf
and Orion (2005), and emphasize important themes in a coherent manner.

5 Conclusions

In our small sample of students, the majority entered the upper division/graduate phys-
ical course with only a rudimentary understanding of the processes involved and the10

laws that govern how those processes relate to the presence and movement of water
through natural systems. Understanding was somewhat higher (more students in the
“basic” understanding category) in the “methods” dimension, but still not approaching
the “full” level. After instruction, as it has been traditionally implemented at our univer-
sity, student understanding increased as assessed by the rubric we have developed,15

with the majority of students falling into the “basic” or “full” categories.
It should be noted, of course, that this result has significant limitations, including the

small number of participants, who were all from one institution, and the fact that the
rubric was being piloted and still under development. Nevertheless, the fact that we
were able to get substantial inter-rater agreement among a group of experts from the20

discipline of hydrology, who were not themselves responsible for the development of
the rubric, is significant.

It may be premature to propose a standardized assessment for hydrology education,
given the “lack of current consensus on what constitutes hydrology knowledge and
levels of knowledge” (B. Ruddell, personal communication, 2012). We do not propose25

this instrument, and its accompanying rubric, as a definite means of assessing student
understanding of physical hydrology. Rather, we present it as a means of advancing the

10106

http://www.hydrol-earth-syst-sci-discuss.net
http://www.hydrol-earth-syst-sci-discuss.net/9/10095/2012/hessd-9-10095-2012-print.pdf
http://www.hydrol-earth-syst-sci-discuss.net/9/10095/2012/hessd-9-10095-2012-discussion.html
http://creativecommons.org/licenses/by/3.0/


HESSD
9, 10095–10113, 2012

Assessing student
understanding of

physical hydrology

J. A. Marshall et al.

Title Page

Abstract Introduction

Conclusions References

Tables Figures

J I

J I

Back Close

Full Screen / Esc

Printer-friendly Version

Interactive Discussion

D
iscussion

P
aper

|
D

iscussion
P

aper
|

D
iscussion

P
aper

|
D

iscussion
P

aper
|

conversation about what the goals of courses in this subject (and hydrology education
in general) should be. We intend for it to serve as a “strawman” proposal for the larger
community to critique: if we have not identified critical goals in hydrology education,
then what should be added, revised or deleted? Are there questions or tasks that could
be used in place of those we have chosen to demonstrate student achievement of the5

goals?
A well-designed pre and post assessment can be used to infer whether a given in-

structional intervention, e.g. a change toward a more student-centered and inductive
learning environment (Ngambeki et al., 2012), has caused a change in understanding
in a given group of students, but the results are not necessarily generalizable. Fur-10

ther, without broad consensus on the goals of hydrology education, the change might
not be one that is meaningful to the larger community, and, without common assess-
ment mechanisms, it will be impossible to calibrate and compare changes that result
from different curriculum interventions. Thus, we would expand the assertion of Wa-
gener et al. (2007) that “In the light of continuing changes within the field, discussions15

amongst hydrology educators regarding educational approaches and materials should
be an important activity” to include the necessary precursor discussions about goals
and assessment.

Acknowledgement. This research was supported by a US National Science Foundation CA-
REER Grant (EAR-0955750). We thank the graduate students and researchers who applied20
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Table 1. Rubric and rubric exemplars.

Understanding
of physical
hydrology

None Some recognition of
concepts

Basic understanding Full understanding

Processes “Water cycle” or water
cycle elements including
precipitation, evaporation,
sun, mention of human
influence.

Graphical illustration or exhaus-
tive list or linked list indicating
full scope of processes: precip-
itation, infiltration (rock/soil inter-
actions), transport, ground wa-
ter/surface water mixing, so-
lar heating, evapotranspiration,
(contamination/drawdown).

Precipitation, infiltration (rock/
soil interactions) transport,
ground water/surface water mix-
ing, evapotranspiration, solar
heating (drawdown, contamina-
tion) with some explanation of
how processes affect the water
in a natural system.

Laws
(Mathematical
models)

Names of relevant laws:
Darcy’s law, gravity.

Relation of drivers (gravity, ther-
modynamics), and/or resistive
elements to flow; OR Indication
of conservation/balance regulat-
ing flow; OR graphical organizer
of laws (e.g. with arrows) indicat-
ing relationship; OR statement
of equation with no description
of the meaning of the terms,
consequences of the
relationship.

Clear indication that drivers
(gravitational gradient, thermal-
solar energy, pressure gradient)
and resistance determine flux,
related to laws governing flow:
e.g. Darcy’s law + conservation
of mass, thermodynamics.

Methodology Statement that drought
and/or urbanization might
affect the spring.
Indication of drought/
non-drought comparison.

Some indication of relevant
measurements (discharge,
precipitation, water quality) and
comparison to long term
patterns or comparison of inputs
to outputs.

Detailed indication of current
and historical data needed:
precipitation, runoff, discharge,
land use, flow patterns, wa-
ter level/extent of watershed,
permeability- physical char-
acteristics of watershed, soil
moisture content, water contam-
inants (use of tracer).
Plan to develop or apply math-
ematical model based on in-
puts to make prediction. Sensi-
tivity analysis. (e.g. precipitation
– evapotranspiration = runoff).
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Table 1. Continued.

Understanding
of physical
hydrology

0 1: Some recognition of
concepts

2: Basic understanding 3: Full understanding

Processes The phase change, and mo-
tion of water. e.g. the con-
densation and precipitation
in the atmosphere, evapo-
transpiration from the Earth
surface, groundwater flow,
etc.

Precipitation, evapotranspiration,
incoming radiation, atmosphere
moisture redistribution, groundwater
flow/redistribution, snowmelt. All of
these are used to properly budget wa-
ter use for human consumption.

Precipitation: we need the water and
it’s brought to us through precipitation;
Recharge/infiltration: know how fast
water will infiltrate into the surface and
how it will recharge the aquifer is
important.
Discharge: how quickly water is mov-
ing/leaving a stream/river/aquifer;
Evapotranspiration: the amount of wa-
ter that is leaving the surface and
adding moisture to the atmosphere ul-
timately leads to the amount of precip-
itation we see.
Everything’s cyclical, so without one
process the others don’t really function
either.

Laws Darcy’s Law La’Place/Darcy’s Law → fluid flow

Penman Monteith Eqn → combination
of energy balance and resistivity anal-
ogy to predict evapotranspiration

Conservation of mass and energy
→ In – Out = ∆ storage

Fluid Dynamics (Conservation of mat-
ter and Newtonian mechanics) → de-
termines rates of flow and directions of
flow: Electromagnetics (radiation trans-
fer of energy) → transfer of heat to wa-
ter and causes evaporation or freez-
ing: Quantum mechanics (and physical
chemistry) → determines reactions of
H2O or surrounding media

Methodology Current water levels in
the springs compared to
previous years, measuring
amount of foreign materials
in the water that could be
there due to runoff from
urbanization of the city.

Historical precipitation and discharge
data in the area would be helpful.
Population changes in the area would
also be important when understanding
current conditions. Measurements like
gauge height, amount of precipitation
and water table height would give data
on the area. I would analyze historical
data and compare it to the present to
notice any trends. If there are common
trends throughout history, then there
should be a way to make decent
predictions.

Collect the meteorological data, e.g.
temperature, humidity, wind, precipita-
tion, and land data like soil and vegeta-
tion cover properties and hydrological
data like stream flow and water table
depth. To see the impact of urbaniza-
tion or drought, we need to isolate each
factor from other influences, so we
need to collect observational data be-
fore/after the urbanization or drought.
Also we can use hydrology models to
modify the factor to see the individual
effect. Finally the models could pro-
vide future projections if we assume
the drought will continue.
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Fig. 1. Results of pre (a) and post (b) tests.
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