AChiCVC For States, By States

Where Did the Water Go?: Watershed Studyi Middle School Sample
Classroom Task

Introduction

In this task, students will demonstrate their understanding of the water cycle by considaripgtand
outputs of water as it moves throughvatershed in New York state. The students start with a simple
model dominated by one input and one outBttdentdeginby calculating the volume of water enterin
a small watershed as precipitation over the course of one year and the amount of water that exited
watershed via the outflow stream over the same amount of fimeugh their calculatios, students find
thatt hat some of the water has gone fAmissingbo,
for the missing water by including outputs not initidttgludedin the starting model, such as loss of wa
to evapotranspiration

This task is adapted fromarth Science Puzzles: Making meaning from dayaKim Kastens and Margie Turrin,
2010, NSTA Press, pages 1P&3.

Standards Bundle

(Standards completely higblited in bold are fully addresség the task; where all parts tife standard are not addressey the task, boldig
represents the parts addressed

CCSSM

MP.1 Make sense of problems and persevere in solving them.
MP.2 Reason abgtactly and quantitatively.

MP.4 Model with mathematics.

6.RP.3.C  Find a percent of a quantity as a rate per 100 (e.g., 30% of a quantity means 30/100
times the quantity); solve problems involving finding the whole, given a part and the
percent.

6.EE.B.9  Use variables to represent two quantities in a realorld problem that change in
relationship to one another; write an equation to express one quantity, thought oka
the dependent variable., in terms of the other quantity, thought of as the independent|
variable. Analyze the relationship between the dependent and independent variableq
graphs and tables, and relate these to the equation.

6.G.A.l1 Find the area of right triangles, other triangles, special quadrilaterals and polygons by
composing into rectangles or decomposing into triangles and other shapes; apply the
techniques in the context of solving realvorld and mathematical problems.

7.G.B.6 Solve realworld and mathematical problems involving area, volumend surface areat
two- and three-dimensional objects composed of trianglegjuadrilaterals, polygons,
cubes, and right prisms.

8.G.9 Know the formulas for the volumes ofconescylinders and sphereand use them to
solve reatworld and mathematical problems.

8.SP.A.1  Construct and interpret scatterplots for bivariate measurement data to inestigate
patterns of association between two quantitie®escribe patterns such as clustering,
outliers, positive or negative association, linear association, and nonlinear associatior

8.SPA.2 Know that straight lines are widely used to model relationships between two
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guantitative variables. For scatterplots that suggest a linear association, informally fit &
straight line, and informally assess the model fit by judging the closenigb®e data points
to the line

NGSS

MS-ESS24 Develop a model to describ¢éhe cycling of water through Earth's systemairiven by
energyfrom the sun and the force of gravity.

CCSSELA/Literacy

W.8.1 Write arguments to support claims with clear reasons and relevant evidence.

W.8.1l.a Introduce claim(s), acknowledge and distinguish the claim(s) from alternate or
opposing claims, and organize the reasons amdidence logically

W.8.1.b Support claim(s) with logical reasoning and relevant evidenaesing accurate, credible
sourcesand demonstrating an understanding of the topior text.

W.8.1.c, Use words, phrases, and clauses to craatkesion and clarify the relationships among

claim(s), counterclaims, reasons, and evidence
WHST.6-8.1 Write arguments focused omliscipline-specific content
WHST.6-8.1.a Introduce claim(s) about a topic or issue, acknowledge and distinguish the clain(s
from alternate or opposing claims, and organize the reasons and evidence logically.
WHST.6-8.1.b Support claim(s) with logical reasoning and relevant, accurate data and evidence th
demonstrate an understanding of the topior text, using credible sowes.
WHST.6-8.1.cUse words, phrases, and clauses to create cohesion and clarify the relationships
among claim(s), counterclaims, reasons, and evidence.

Information for Classroom Use

Connections to Instruction

Thistaskis intendedor students at the 8th grade level in math and would best fit withimsguctional
unit on the water cycle and/or on rivers (particularly in a place in the unit where students have alre
some instruction on the components and procesgbg water cycle). The tagkvolvesmaterial covered
in 6th and 7th grade math standatul# also ddressesome material covered in the 8th grade standar
such as the more advanced plotting standards. Task Componeng@CRouldbe simplified for
students in lower levels of the grade range by not having students calculate relief and slope and ng
them create thscatterplotbut teachers should be aware that with such changes the task may no lorj
fully addresshe NGSS performance expectation of #SS24. In a blended math/science course or i
setting where there is collaboration between teachers of different classes, the students could
mathematically model the area and create the plots within afowathel component of the class and the
follow with the water cycle model development and other related parts of the task as part of the sci
unit.

Because the interpretation of the data is essential for the development and explanation of the wate
mocel, Task Components throughG are best used akecks for understanding (i.e., formative
assessmentyvhile the final watershed model of Task H usedechanism for students to apply the
previously developed understandingsamtext

Althoughstudents are asked to compose explanations in this task, overall the writing focus most cl
aligns with the ELA/Literacy standards on writing argument. Writing argument is not introduced unt
6" grade in the ELA/Literacy standards; and whilelseunt s ar e asked to ack
opposi ng Edraae, cosnte@laimsrand The relationship between claims and counterclaims
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introduced until 8 grade. Consequently, this task aligns best with thgr&e ELA/Literacy standds

Approximate Duration for the Task

The entire task could take betwetO class periods (450 minutes eachgpread out over the course of]

an instructional unjtwith the divisions listed below:

Task Component A: 1 class period

Task Components BndC: 1-2 class periods

Task Component D: up to 1 class period, or used as homework

Task Component E: up to 1 class period, or used as homework

Task Component F: -2 class periods, depending on whether the explanation is used as homework

TaskComponent G: R class periods, depending on whether the evaluation is used as homework

Task Component H: up to 1 class period,-@ dass perioslif used in conjunction with the explanation
in Task Component D.

Note that this timeline only refers toe approximate time a student may spend engaging in the task
components, and does not reflect any instructional time that may be interwoven with this task.

Assumptions
Students need to know or be familiar with the following:

What a watershed is and where the watershed fits within the model of the water cycle.
How to read a topographic map and how to use a map scale and compass rose.

A basic knowledge of topography and topographic contours and know how symbols are usg
topagraphic maps.

Th e A r ul Twpogrdphicvesntour lines crossing a stream valley form a sharp pointed V
shape, with the stream channel passing through the point of the V. The V points in the ups
direction.

0 A model of the water cycle as a systenflafvs or pathways by which water moves through thd
Earth system.

O« O« O

O«

Materials Needed

It might be helpful for students who live outsiafiethe northeastern United States to see photographs
terrain, environmet, and climatic conditions of soutlitern New York state. The siised in the tasis
located at coordinates (LAT: 41.394816, LON®4.0062516), which can be used on terrain imaging
programs (e.g. GoogleEa). Alternatively, this taskan beeasily altered to include more local
watersteds.

Supplementary Resources
Seehttp://techalive.mtu.edu/meec/module0l/whatiswatersheddrtangood aimation to illustrate the
concept of a watershed and the parts of the water cycle.

Accommodations for Instruction and ClassroomTasks

To accurately measure three dimensional learning of the NGSS along with CCSS for
mathematicsmodifications antbr accommodationshould be provided during instruction and assessn
for students with disabilities, English language learnersstautkents who are speakers of social or regi
varieties of Engl i sh nhdn8tandaadEerglisg.ener al |l y r ef 4
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ClassroomTask

Context
Cascade Brook is an important watershed in its local environment, providing water supplies to neig
communities. For several years, the downstream neighboring community, whégeisdent on this
watershed for water, has been carefully monitoring and recording rainfall within the watershed. Re
local research scientists installed a stream station on Cascade Brook in order to measure lobtheu
waterthat enters the watghed as rainfalk actuallyflowing downstream to the neighboring community
Now that there is a stream station installed, the commuaitydetermingvhetherthe rainfall numbers
they have been collectimgatch thestreamflownumbers at the gauging stat. There is a concern that
water supplies might run short if too little of the rainfall water is flowing through the gauging station
find out where the water is going.

Task Components

A. Use the provided topographic map (Attachment 1) to viseidfie watershed. Describe the geometi
of the watershed in terms of (1) the amount of relief in the watershed, (2) the steepness of the g
over which the stream is flowing, and (3) the directiostodamflow Use the scale provided to
estimate the @agal measurements. Show your work and include units in your answer.

B. Estimatethe twadimensional mapped area (in square meters) of the watershed that feeds into th
stream monitoring statioConsider various models you have experience withexample, yu may
want to consider modeling the area as a combination of smaller shapes (circles, squares, recta
and/or triangle) and adding those segments in order to find the total area. Each square in the gr,
the map represents 100 m by 100Cuansider each square that is more than 50% inside the water
Show your work and include units in your answer.

C. Using the area you found in Tas&r@ponenB, write an equation that would allow you to calculiie
volume of water in cubic meters liag within this area. Once you have your equation, calculate th
volume of water that fell into the watershed during a year in which the region recedtatbf 129
cm of precipitation. Show your work and include units in your answer.

D. Using tte volume of water falling on the watershed that you calculatédsk Component Gnake a
prediction for how much of that water will flow out of the watershed in the stream during the san
year, as measured by the stream monitoring stalomsidera way to represent the Cascade Brook
watershed on paper. Draw and label your model with arrows to show the ways that the water €
and leaves the watershed (inputs and outpaits) where the water goes while it is in the watershed
(including storage in #gnwatershed)Be sure to consider any changes or differences in the state a
behavior of the watdrom seasorno seasonLabel your diagram to show what stafematterthe water
is in as it moveto, through and oubf the Cascade Brook watershél$e labels or arrow®
indicate what is driving the movement of the wated any water transformatiarenergy from gravity
and/or energy from the sufY.ou may use a single model, @sseries of model® show the differences
across seasgmver time Use this model as evidencespportyour prediction for the volume of
water that will leave the watershed in the stream.

E. Calculate the total annual volume of water that flowed through Cascade Brook at the stream mg
station over the entire year using the data table provided (AttachraedB82 Compare this number
with the annual volume of water entering the watted as precipitation that you calculated in Task
ComponenD, and express the difference as a percentage. Based on what you learned from thg
comparisons, make revisions to your model of the Cascade Brook watershed as you think of ot
pathways for wateto move through the different parts of the watersBedsure to use arrows and
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labels to show any additional water movement, states, and processes that may be part of your
model.

F. Using the equation you made in Task Component C and the average precipitation values for sd
New York in thegivendata tablgAttachment 3), calculate the volume of water that would be ente
the watershed from precipitation for each montthefyear. Compare that number with the total
amount of water leaving the watershed every mongitraamflowby calculating a percentage for the
amount of water from precipitation leaving the watershed in the stream. Completctable in
Attachment3, and use the data to create the following graphs:

(a) a line graph showing the water volume per month, with one set of points showing the
AVol ume of Water Passing TsheoulybnEShoealri
set of poi ntommesohVdatei Entgring the &Vatérshed from Precipitation pe
Mont ho (Attachment 4)

(b) a I'ine graph showing the fAPercent of
Streamo (Attachment 5)

Use these graphs and your watershed model to conatrgctplanation for why you think the
percentage of water from precipitation leaving the watershed in the stream is so different from n
month. Take into account the climate of New York, including seasonal changes, and the enviro
around the seam. In your exanation, consider

(a) the statde.qg., liquid vs. gaghewateris in as it enters, travels through, is stored in, and ¢
the watershed;

(b) what drives the movement of water; and

(c) how the inputs and outputs of the watershed might chiaogemonthto-month.

G. Use the data iAttachment 3o create the following plots:
(a) a bar graph or line graph showihg mean temperature per mor{thttachment 6)
(b) a bar graph or line graph showing the avertagal precipitation per montpAttachment 7)
(c) ascatterplocomparing the average total monthly precipitatiersushe monthly mean
temperature (Attachment 8). Draw a trendline (a line of best fit) that represents the
relationship between precipitation and temperature.
Use these graphs and tbeatterploae s evi dence to evaluate the
percentage of precipitation leaving the watershed in the stream from month to month because t
climate is hot and v er \erdvisigns fothe expglaeatios yoon aoastruct
in Task Component F if you feel that yaxplanatiorhas changed in light of the new evidence
provided by the temperature and precipitation plots.

H. Redraw your water cycle sketch for the Cascade Brotdrslzed taking into account the calculatiof
and plots you have made. Label your model with arrows to show the ways that the water enter
leaves the watershed (inputs and outputs) and where the water goes while it is in the watersheq
your diagam to show what stafe.g., liquid)the water is in as it moves into, through, and out of th
Cascade Brook watershed and to indicate what is driving the movement of the water: gravity an
energy from the sunincludeand describall inputs, outputsand processes that might occur at any
time during the year.

Use the revised model to evaluate the cl ai
precipitation is pulled downhil/ by grawit
evaluation, create and explaiour ownevidencebasedlaim for how and why water moves through
the watershed, including whstiate (e.g., liquidhe water is and what is driving the movement (gra
and/or energy from the sun). Use the providecenajcle diagram to inform your ideas (Attachmer
9).
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Alignment and Connections of Task Components to the Standards Bundle

Task Components A, Band C ask students tquantitatively describe the watershed and to calculate
volume of precipitation oveahe year using area estimates of the watershed. Thagsonentpartially
addresghe CCS8M content standards 6£G.A.1,7.G.B.6 and8.G.9 andthe CCSSM practicesVIP.1,
MP.2,andMP.4. By creating an equation for calculating the volume of water entering the watershe
studentgartially addresthe CCSSM content standards 6fEE.B.9, 7.G.B.6and8.G.9 By usingthe
topographic map and modelgdometry of thevatershedo estimate the precipitation input to the
watershed over a yeatudentsaddressparts (individual bullets from Appendix @f the NGSS
crosscutting concept &ystems and Systems ModelBy describing aspects of the wateidhe
mathematically (e.gusingslope), by quantitatively estimating the area of the watershed, and by
calculating the volume of water entering the watershed within a year, stadardemonstrate their
understandig of parts ofthe NGSS practice ddsing Mathematics ard Computational Thinking, which
enhancestudent understandirgj parts ofthe NGSS core idea ®8SS2.CRol es of Wat er
Surface Processess it relates toMS-ESS24. In this task component, making and supporting a
prediction also aligns with making and supporting a claim iretb&/Literacy standarddVv.8.1, W.8.1.a,
W.8.1.b,WHST.8.1, WHST.8.1.a andWHST.8.1.b.

Task Component Dasks students to develop their own mddethe cycling of water through the
watershed and to use that model to support a prediction they make for how much water will flow th
stream monitoring station located in the watershed. This task compaltrassethe NGSS performand
expectatn of MS-ESS24. By developing and using their own model to explain their prediction, stud
partially addresparts ofthe NGSS practice developing and Using Modelss it relates toMS-ESS24
andparts ofthe crosscutting concept &ystemsand Systems Models By labeling the state of and
movement of water in the model and labeling where gravity and solar energy play a role in that wa
movement, the studentan demonsate their understandiraf the NGSS core idea &SS2.CRoles of
Wat er i n urfaee Prodessesndfarts ofthe crosscutting concept Bhergy and Matter, as they
relate to MSESS24. In this task component, making and supporting a prediction also aligns with m
and supporting a claim in tl€LA/Literacy standardVv.8.1, W.8.1.aW.8.1.b,WHST.8.1, WHST.8.1.4
andWHST.8.1.b.

Task Component Easks students to calculate the total volume of water leaving the watershed as
streamflow andomparehat number to (a) the volume of water entering as precipitation and to (b) th
predicted amount of water leaving as streamfl@is allows stdents to dmonstrateheir understandig
of CCSSM practicedvP.1, MP.2, andMP.4. By considering factors that might account for the
difference in the predictecevsusactual numbers and by revising their model in light of new data, stug
arepartially addressingarts ofthe NGSS core idea &8S2.CRol es of Water i n
Processess it relates toMS-ESS24 throughparts ofthe NGSS practices @feveloping and Using
Models andUsing Mathematics and Computational Thinkingas it applies tparts ofthe crosscutting
concepts oBystems and Systems ModendEnergy and Matter as it relates taiMS-ESS24. When
students comare data and their predictions and use reasoning to consider factors that might accou
differences that occur, they caddressparts ofELA/Literacy standarddV.8.1 andWHST.8.1,
specifically on the related performance indicattt$.1.cand WHST.8.1.¢ clarifying the relationships
among claim(s), reasons, and evidence.

Task Components Fand G ask students to use monthly streamflow, temperature, and precipitation
to determine the percentage of precipitation leaving the vietigrss streamflow; to create graphs and
scatterplad of the data; and to interpret the data in the context of the seasonal effects on the water
which addresse®.RP.3.C By constructing acatterplotby determining a trendline (a line of best &f)
the data, and by interpreting the data, the studentaddresshe CCSSM content standards &SP.A.1
and8.SP.A.2 and the CCS# practicesMP.1 andMP.2, with the science context enhancing assessi
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of the math standards. By using the equation for calculating the volume of water entering the wate
developed in Task Component C, studeats further check their undéssdingon the CCS9 content
standard 06.EE.B.9 By using the data to construct and reevaluate an explanation that accounts fg
variations in the volume of streamflow from month to month and to assess the inputs, outputs, and
drivers of their watershed model, students are partatiressinghe NGSS the core idea Rbles of
Water i n Eart hod qESSAQ, vViadSESSZRY); theccrssautting concepts 8fstems
and Systems ModelsandEnergy and Matter (MS-ESS24); and the practices @onstructing
Explanations, Developing and Using Mvdels,andAnalyzing and Interpreting Data. By using the
graphs andcatterploto evaluate the claim in Task Component G, students are additionally partially
addessinghe NGSS practice &@ngaging in Argument from Evidence This task component paatily
addresseshe NGSS performance expectatiorMB-ESS24, and the mathematical interpretation of the
plots enhancegnderstandin@f the associated NGSS the core idea and pracBge=xplaining their
reasoning in Task Component F and evaluatiolgian in Task component G, students damonstrate
their understanding d&LA/Literacy standard$v.8.1, W.8.1.a, W.8.1.bWHST.8.1, WHST.8.1.3 and
WHST.8.1.b.

Task Component Hasks students to redraw their water cycle diagram in light of the data calculatiof
plots made in Task Components EaRdG. By using data and plots for evaluating system inputs ang
outputs, by revising their water cycle model, and by using the Inmdealuate a claim and produce a
counterclaim, students angarially addressinghe NGSS the coreidealBfo | es of Wat er
Surface ProcessefESS2.C, via MSESS24), the crosscutting concept Bhergy and Matter (MS-
ESS24), the NGSS practas ofDeveloping and Using Model§MS-ESS24) andEngaging in
Argument from Evidence, and the CCS®/ practicesMP.1 and MP.2In addition, by asking students t
evaluate a claim, as well as to create and explain an evitbeaisee counter claim, this taskngoonent
partially addresseELA/Literacy standardgv.8.1, W.8.1.a, W.8.1.b, W.8.1.c, WHST.8,.WHST.8.1.3
WHST.8.1.b, and WHST.8.1.c.

Together,Task Components D, E, F, Gand H addressethe NGSS performance expectatiorv-
ESS24. The task componentsldresshe core idea dESS2.C:Rd es of Water i n B
Processesnd the crosscutting conceptkrfiergy and Matter through the practicBeveloping and

Using Modelsby asking for the production of a visual model of tretevshed that identifies the directio
of water movement into, within, and out of the watershed with arrowghanidicludes labels for the statd
that the water is in asiinoves and for what is drivingater movement (gravity or energy from the sun)
By creating and labeling this model and by using it to evaluate and discuss the movement of water
the watershed and the types and nature of the outputs, students completing the task components §
integrating the disciplinary core idea with the coogng concept and the practice.

Evidence Statements

Task Component A
0 Students calculate
0 A topographic relief valuby using elevation numbers from contour lines.
0 Avalue for the gradient of the stredoyusing elevation numbers from contour ling
on the map and distance numbers from the map scale.
0 Students identifylte stream as flowing fromorthwestto southeast

Task Component B
0 Studentsnathematicallynodel he watershed as a composite of simensional shapes
that completely cover the mapped area (minus any lbaeardess than 50% within the
watershed) without significant overlap
0 Students usénhe formulas for the area of each shtapealculate a combied area estimate
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for the watershed.

Task Component C
0 Students use volume equations as the basis for construwtieguation for calculating
the volume of water enteri{input) the watershed from precipitatioandinclude the
amount of precipitationsa t he fAhei ght o6 variabl e.

0 Students use their produced equation to calculatediinene of precipitation in cubic
meters for 129cm of precipitation.

Task Component D
0 Students createvasual model of the watersheidcluding

2 Labeing with arrowsaccurately depidhe direction of water movement into, withi

and out of the watersheldabeled componentd the model should include

Yy the inputs of water into the watershethcluding theentry of water from the
atmosphere as precipitation

Yy the flow of water within the watershed over landhe downbhill directiorto
the stream,

y  the flow of water in the stream the downbhill directiorwithin the watershed,
and

Yy  any output(s) of water from the watershed, includosg of water from the
stream as streamflow.

3 Labelingthe state the water is in as it enters, moves through, and leaves the
watershed.Labeled components of the model should inclingestate of the water &
vapor in the atmosphere, liquid water (rain) or frozen water (snow/ice) as
precipitation, and liquid water as water in the ground, in the surface of the land
and/or in the stream.

2 Labeingthe source(s) of energy (gravity arexgy from the sun) that is driving
water movement into, within, and out of the watershed.

3 A description of the relationships between components of the model (including
gravity or energy from the sun), including that gravity is the driver as water
condemses and falls to the land as precipitation, and gravity is the driver when |
flows across the land, into the rivers, and out of the watershed via the river.

0 Students may also label other components of the model, including:

3 Arrows showing thetorageof water bymovement of water into or out of a pile(s)
ice/snowor into or out of the ground as groundwatand additional outputs, e.g., t
movement of watefrom the land or water surface to the atmosphere, and the lo
water from the ground through the plants to the atmosphere.

3 Energy from the sun driving the change in water state as it moves from storagsg
snow/ice to liquid ground water, rwoff, or stream waterenergy from the sun
driving the change in water state form liquid to vapor as it moves from the land
surface to the air during evaporation and transpiration; and gravity if showing t
movement of groundwater.

0 Students form arediction for he amount of water leaving the watershetd describe
their reasoning for why the amount of water leaving the wateishesther equal to or
less than the amount of water entering the watershed as precipitation.

0 Studentsupportther predictionusng the mode] eitherciting the output of allvater as
streamflow or cinhg more than one output, with the additional oufplaiccounting for the
predicted Al osso of streamfl ow.
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Task Component E

o

w

o

Task Component F

o

O«

O¢ O«

O«

Task Component G

O« O

O«

Students total the monthly values to calculated@nnual @lume of water leaving the
watershed as streamflow

Students calculatdaé percentage of precipitation leaving the watershed as streamflo
Due to differences in student calculations, actual percentage answers mguvary
should bdess than 100%ut greater than zero)

Studentgevisetheir watershed modeandinclude notation that indicates that there is
more than one outpuBtudentaccurately label direction of water flow, states of water
additional points, andescribe anprocesses assiated with additional output, such as
evaporation.

Students use the average monthly precipitation values and their previously develop

equation to calculate thelume of water entering from precipitation per month.

Students calculatihe percentage of precipitation leaving the watershed per month ag

streamflow.

Students construtine grapls thatrepresent the monthly data.

Students construetn explanatiorthatconnects the difference in the percentage of wat

from precipitationeaving the watershed as streiow with seasonal changes in the sta

of water, andin the typesf inputs andutputs. Examples of lines of reasoning may
include:

3 More energy from the sun is captured in the summer causing higher temperatur
thereforemore water is lost to the atmosphere as vapor through evaporation rath
than as strearftow in the summer months.

3 More plant growtloccurs in the spring and summerereforemore water is lost to
the atmosphere as vapor through transpirattimer than as streafhow in the spring
and summer months.

3 Precipitation in the winter is solid ice/snow, which is stored in the winter months
rather than lost as stredhaw.

3 Stored ice/snow melts as the temperatures (energy from thesingreasinghe
amount of strearflow during the spring months.

In their explanation, studentite the graphsas well as other scientific informatias

evidence.

In their explanation, studentgte one specifipotentialcause for montto-month

variation in thepercentage of water from precipitation leaving the watershed as stred

flow.

Students construdine or bar graphs aralscatterplothatrepresent the monthly data.
Students identify and drawteendline of thescatterplotwhichshows an increasing lineg
relationship (with increasing slope) between temperature and precipitation.
Students evaluate tlghvenclaim, identifyingthat it is not consistent with the data, and
use the graphs and the trendline ofdbatterplotis evilence to refute the claim.
Students describe the evidence tid#tough the climate is hot in the summeis not dry.
Students revise thesixplanation for the montto-month variationciting which new
evidence is used in the revised explanatiddisident shouldot cite dry summer weathe
as a reason for a drop in the percentage of precipitation leaving the watershed as
streamflowin the summer montHastead studentscould cite otherpossiblefactors, such
as increased evaporation in light of iigmperaturesr increasedranspiratiorbecause
of summertime plant growth
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Task Component H

0

O¢ O«

O«

Students revise theitisual model of the waterstigincluding
2 ldentifying precipitation as an input and inclad two outputs, one of which is
streamflow
3 Labeling with arrows the direction of water movement into, within, and out of thq
watershed
3 Labeling the stateof matterthe water is in as it enters, moves throogls stored in
and leaves the watershed.
2 Labeling thecauseggravity or energy from the sun) that is driving water moveme
into, within, and out of the watershed.
St u d evaltiasodof the claimcitesthe outputs identified in the model as evidence
Students synthesize the evidence to atbaethegivenclaimincorrectly cites that all
water entering the watershed leavesteeamflow Outputs should include streamflow ag
well as evaporation and/or transpiration.
Studentsonstrucianevidencebased countetlaim that includes the idghatwhile some
of the water entering the watershed as precipitation moves through the watershed as
driven by gravity and leaves the watershedtesamflow there are alternative outputs of
water in the system
As evidence for their countetaim, studentsite the dataanalyzed and/or aspects of the
updated modeincluding the state of water amchat is driving water movement
Studentslescribe reasonirthat some of the water entering the watershed as precipita
leaves the watersheldroughevaporation and/or tranisation, indicating the state of the
wateras liquid vapor lost to the atmosphere
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Attachment 1- Topographic Map of Cascade Brook Watershegd
(Watershed divide connects the high points surrounding the watershed; contour interval is 20 ft)
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Source: Adapted from U.5. Geological Survey topographic maps for Cornwall-on-Hudson and West Point, NY. Courtesy of TUSGS.
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Attachment 2- Chart for Comparing Total Annual Water V olumes.

Annual Volume of Water
Entering the Watershed
from Precipitation

Annual Volume of Water
Leaving the Watershed
in the Stream

Predicted

Calculated

% Difference

Attachment 3- Climate Data for Southeast New York State

Month Monthly Volume of Average Volume of Percent of

Mean Water Passing Total Water Water from

Temp. Through Precipitation Entering the | Precipitation

(degrees F) Stream per Month Watershed Leaving as

Monitoring (cm) from Water in the

Station per Precipitation Stream
Month per Month
(cubic meters) (cubic meters)

Jan 28 99,094 9.30
Feb 31 70,992 8.13
Mar 39 81,842 9.88
Apr 51 115,930 10.49
May 61 146,614 10.44
Jun 70 84,127 11.58
Jul 75 262 11.66
Aug 73 0 11.71
Sept 65 0 11.35
Oct 54 76,429 12.67
Nov 44 163,473 11.00
Dec 33 130,619 10.67

Data on the chart afeom:
- source materialHarth Science Puzzles: Making meaning from data)

- http://www.usclimatedata.com/climate.php?location=USNY 1567

- http://www.weather.com/weather/wxclimabgly/monthly/10996
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Attachment 4. Water Volume per Month Line Graph

Water Volume Entering and Leaving the Watershed

200,000

190,000
180,000
170,000
160,000
150,000
140,000
130,000
120,000
110,000
100,000
90,000
80,000
70,000
60,000
50,000

(s1239W 21qN2) dWn|oA 121N

40,000

30,000
20,000

10,000

Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec

Jan

Version publishedNovember2014
View Creative Commons Attribution.® Unported License at

http://c reativecommons.org/licenses/by/4/. Educators may use or adapt.

9

O

BY

Note:
Teachers
may choose
to have their
students
design their
own graph
rather than
be given the
graph
below.
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Attachment 5. Graph for the Percent Water from Precipitation Leaving the Watershed as

Streamflow per Month

Percent Water from Precipitation Leaving the Watershed as Streamflow per Month
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Attachment 6. Graph Showing the Mean Temperature per Month
Note: Teachers may choose to have their students design their own graphs rather than be given the graph below.
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