AChiCVC For States, By States

A Tale of Four Cities: Using Data to Model Variations in Regional Climate
in the Western United Statesi Middle School Sample Classroom Task

Introduction

In this task, students will demonstrate their ability to describe and interpret plotted climate data
explain the reasons for differences in climate among four difféieiteéd Statesities: Seattle,
Washington; San Francisco, California; Minneapoli;yidsota; and Las Vegas, Nevada. The citie
were chosen to show the effect latitude, topography, ocean circulation patterns, and wind circu
patterns have on the mean monthly high and low temperatures and the average monthly precig
The task cosists of two parts. First, students compaaity temperature data Witmean monthly
temperature datmom thetown in which their school is locateathich will demonstrate their
understanding of climate data within their own region. Second, studentsueoatipnate data among
the cities listed above, examinitite effecs of latitude, topography, ocean circulation patterns, and
wind circulation patterns on the mean monthly high and low temperatures and the average mof
precipitation.

Standards Bundle

(Standards completely higghted in bold are fully addresség the task; where all partsf the standard are not addresdeglthe task,
bolding represents the parts addresged

CCSsSM

MP.2 Reason abstractly and quantitatively.

MP.3 Construct viable arguments and critique the reasoning of others.
6.SP.A.2 Understand that a set of data collectéal answer a statistical questiorhas a

distribution which can be described by its center, spread, and overall shape.

6.SP.A.3  Recognize that a measure of center for a numerical data set summarizes all of its
values with a single number, while a measure of variation describes how its value
vary with a single number.

6.SP.B.4  Display numerical data in plotson a numbeline, includingdot plots, histograms,and
box plots

6.SP.B.5c Summarize numerical data sets in relation to their context, by:
Giving quantitative measures of center (median and/or mean) and variability
(interquartile range and/or mean absolute deviation), as well as describing any
overall pattern and any striking deviatiorfsom the overall patterwith reference to
the context n which the data were gathered.

7.SP.A.l Understand that statistics can be used to gain information about a population by
examining a sample of the populationgeneralizations about a population from a
sample are valid only if the sample is repréatve of that populatiarUnderstand that
random sampling tends to produce representative samples and support valid infer

7.SP.B.4 Use measures of center and measures of variability for numerical data from
random samples to draw informal comprative inferences about two populations.
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NGSS

MS-ESS26 Develop and use a model to describe haunequal heating and rotation of the
Earth cause patterns ofatmospheric and oceanic circulation that
determineregional climates.

CCSSELA/Literacy

W.7.2 Writeinformativegxplanatory texts to examine a topic and convey ideas, concept
and information through the selection, organization, and analysis of relevant
content.

W.7.2.a Introduce a topic clearly, previewing what is téollow; organize ideas, concepts,

and information, using strategies such as definition, classification,
comparison/contrast, and cause/effecinclude formatting (e.g., headinggjraphics
(e.g., charts, tables)and multimediavhen useful to aiding compehension

W.7.2.b Develop the topic with relevant facts, definitions, concrete detatgiotationspr
other information and examples.
W.7.2.c Use appropriate transitions to create cohesion and clarify the relationships amo

ideas and concepts.

WHST.6-8.2 Write informativegexplanatory texts including the narration of historical events,
scientific procedures/ experiments, or technical processes.

WHST.6-8.2.a Introduce a topic clearly previewing what is to followprganize ideas, oncepts,
and information into broader categories as appropriate to achieving purpose;
include formatting (e.g., headinggjraphics (e.g., charts, tables)and multimedia
when useful to aiding comprehension.

WHST.6-8.2.b Develop the topic with relevant, wellchosen facts, definitions, concrete details,
guotationspr other information and examples.

WHST.6-8.2.c Use appropriate and varied transitions to create cohesion and clarify the
relationships among ideas and concepts

Information for Classroom Use

Connections to Instruction

This task is aimed at students ifdr 7" grade, and was designed to align with tgiade NGSS
Conceptual Progressions Model Course Map (NGSS, vol. 2, Appendbaih.Components A and B
are intended to be formative within an instructional unit covering weather and climate, in order {
check for studeninderstanding of climate data prior to moving on to Task@ments C through I.
Task Component A coulalsobe wsed as #ormativeassessment within a mathematical unit on the
statistical description of datasets, such as in a blended course model where the associated scig
would follow the math assessment.

Task Components Gitoughl can be used as a & ofperformancesvithin an instructional unit on
regional climate. Because the interpretation of the four 6gEsterplots and bar graphs is essenti
for successful completion of the other task components, it is recommendsulitiesits are allogd to
revisit Task Component @ ensure that knowledge wfath standardsan be effectively used in
subsequent task componeni&ask Components D through H could each be used as formative
assessments foll owing | es sdwthsTast GompoaentH seiivioglas
demonstration of understanding tbe whole unit.

This task could be tailored to lower levels of the grade range by providisgdtterplas, rather than
expectingstudentdo construct the on their own
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Althoughstudents are asked to create eviddrased explanations in this task, they are primarily
describing and explaining data in the task components, so this task most closely aligns with the
ELA/Literacy standards for writing to inform or to explaiAll task componentgsan be used as
formative assessmenikhis task has been aligned to the ELA/Literacy standards"fgradie.

Teachers using this task fdf 6r 8" grade should consult the CCSS for the standards for informat
writing for those grades.

Approximate Duration for the Task

The entire task could takem 4 to 8 class periods (450 minutes each¥pread out over the course

an instructional unjtwith divisionsaslisted below:

Task @mponents AandB: 2 class periods, dewerif the scatterplots are provided by the instructd
or if the evidencdased explanation ifiask Componer is used as
homework.

Task Componert: 1 class period, or no time if teeatterplad are provided by the instructor

Task ComponestD, E, F, GandH: each up to 1 class period, depending on whether the

explanationsre used as homework

Task Component [: -2 class periods, depending on whether the students have been labeling th

as they do the other task components.

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

Assumptions
0 Prior to each task component students should understand the scoemtiéot behind the

climate effect being assessed. For example, for Task Component G, it is assumed that
understand the rain shadow effect.

0 Itis assumed that students have a basic understanding of the geography of the United
including wtere the four cities are located and what features they are located near (e.g.
mountains, ocean, etc.).

Materials Needed

Graph paper (or charts provided in Attachments 3, 4, and 5)

The teacher may decide to use a spreadsheet application for creaticaftdmplots or to use a
program such as GoogleEdtfho show topographylf so, students willneed tchave access to thes
programs and know how to use them.

Supplementary Resources
When considering the effect differences idatitude on climate, stiens might find the Seasons and
Ecliptic Simulator to be a useful tool:

http://astro.unl.edu/classaction/animations/coordsmotion/eclipticsimulator.html

Supplementaryesourcedor diversestudentgroups'might be: writing applications for students who
need scribes, translation materials, and discoursefapgtudents to converse (ask questions) of
expertsincluding local climate specialists

Accommodations for Instruction and ClassroomTasks

To accuratelyneasure three dimensional learning of the NGSS along with CCSS for
mathematicsmodifications and/oaccommodationshould be provided during instruction and
assessment fatudents with disabilities, English language learnerssamtents who are speakeaf
social or regional varieties o{StarBarcgEnglighh t h
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ClassroomTask

Context
You havefriends whalive in different cities around the United States: (1) Seattle, Washington,; (2
Francisco, California; (3) Minneapolis, Minnesota; (4) and Las Vegas, Nevada. Whiatkywith
your friends, yowften wonder why the climate patterns seem so differemtss the country at given
times of the yeaFor example, gur friend in Minneapolis talks about gettitigne off from school for
snow days in the wintewhile your friend in Las Vegas tells you hdwgh the temperatures reach in
thesummer Your friendin Seattle tells you thdttis often rainy although the temperatures never sg
to get too extremeéYour friend in San Francisco tells you aboutftigethat can blanket the city in
spring and summerin this task, you will look at climate data takearh each of these cities to
determine what causes the climate variations you and your friends experience in your respectiv
locations.

For this task, you are going to consider what climate meayséou r s ¢ h o ¢tdwd),sconsiderg
the climates of the citida whichyour friendslive, consider reasons for the differences in climate
between the cities, and then make a model that predicts the types of regional climates in the w:
half of the United States

Task Componets

A. Consider and compare the daily temperature flatayours ¢ h e lochtiénfor the samenonth
fromtwo differentyears(e.g, October, 203, and October, 2@Y). Create oneacatterplofor each
year(two scatterplas tota). Foreachscatterplotdo the following:

0 Use the daily temperature data in the chart your teacher has providgstgexample in
Attachment ] to determine the range, mean, and median values for the high temperatur
the range, mean, and median eadior the lowtemperatures in thamonth.

0 Plot the daily temperatures for the month atatterplof Attachment 3, with one line
showing the daily high temperatures and a second line showing the daily low temperatu
The points on thecatterplotan be connected $ioat the changes within each dataset for th
month are clearly shown.

0 Draw a horizontal lin@n thescatterploto represent the mean high temperature you
calculated, and then draw another horizontal éin¢hescatterploto represent the mean low
tenperature you calculated.

I. Use thescatterplag of the high and low temperatures for each year that you have made to)
an evidencethaseddescriptionof what the measures of center (mgardian and modgcan tell
you about the expected temperasui@ that month. How is the range evident on the graphs?
the variance in the datdfectsthe measures of center, address this in your explanation.

II. Using both of thescatterplag you havereatedwrite a description that compares the two
populatons of temperature data (the same mamtivo different years), noting areas of overlag
and any similarities or differences in the pattern of the data at#terplotthe meaures of
center and the range.

B. Use the data of the average montiibh and lowtemperatures ofours ¢ h 0 0 | & provided ¢
by your teacher (see Attachment 2) to make a swaiterploshowing the changes in average
monthlyhigh and lowtemperatureover the course of the year (Attachment 4). Monthly
climatological data is created from the méagh and lowtemperaturefor the same montte.g.,
October) inmanydifferentyears. Compare thscatterplowvith the two daily temperature
scatterplad youmade previously. From your observations, create an evidesszargumentor
why, whenclimate scientistsvantto study the differences in climate between two ariayrely
on the mean (average) monthly data calculated from mhiffieyentyears rathr than the mean
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daily temperature dafaom oneentireyear.

C. For the cities of Seattle, San Francisco, Las Vegas, and Minneagelithe provided temperatu
data (Attachment 6) to make twoaphsper city:
0 Onegraphshowingscatterplog fortwo dfferent data setoneset of data for the average
monthly high temperature and a second set of data for the average monthly low temper
The points on thecatterploshouldbe connected so that the changes within each dataset
the month are clearly shown
0 A bar graph showing the average precipitation per month for a year (Attachment 5).

D. Compare the temperatwseatterplog for Minneapolis, MNand Las Vegas, NV. Consider the
difference between the cities in the average monthly high tempedattingthe hottest month
and the differencbetween the citiefn average monthly high temperatuharingthe coldest
month. Constructanargumento evaluate the claim thaemperature differences observed in th
scatterplad can be accounted for by differences in latitude (Attachment 7). Account for the
differences between cities in terms of the heating from solar energy or the transfer of thern|
enegy in yourargument

On a map of the westehalf of theUnited StategAttachment 11), identify regions where
differences in latitude affect the climate by:
- Labelingareasof the mapwherethe climate would be affected (in termswaieredifferences
in temperatur@ccur, based on latitude
- Indicating on the map thpossiblecause of the differences in climate (in terms of heating
from solar energy and/or the transfer of thermal energy).

E. Seattle, WA47.6097° N)is located at anore northermatitude tharis Minneapolis, MN
(44.9833° N) Compare the temperatwseatterplat for these two cities. Consider the differenc
in the yearly range in temperatures between the two cities and the difference in the tempe
of the hottest and coldestonths for each city. Construct explanatiorfor how the differences
bet ween t he cit sandniax/miretemperatuses aam be accoarried ®r by thd
geographic location of Seattle relative to the geographic location of Minneapolis (Attachme
Account for the differences betwetresecities in terms of the heating from solar energy or th
transfer of thermal energy in yoexplanation

On the map of the westehalf of theUnited StategAttachment 11)use your explanation about
thedifferences between Seattle and Minneapoligeatify regions where the proximity to certd
geographic features will affect the climate by:
- Labelingareason the maphere differences itemperatur@ccur, based on proximity to
geographic features
- Indicating on the map tipossiblecause of the differences in climate (in terms of heating
from solar energy and/or the transfer of thermal energy)
- Drawing arrows with labels showing the direction of energy movement if there is a tran
of thermal aergy.

F. Seattle, WA47.6097° N)is located at a significantly higher latitude thasan Francisco, CA
(37.7833° N), but it has a similar geographic locatmmthe WestCoast of North America
Compare the temperatuseatterplas for these two ags. Consider the difference between the
citieswith regard tahe yearly range in temperatures and the difference in the tempefatuhes
hottest and coldest months for each city. The California ocean current runs along the coagd
California, brirging cold water from the north to the south and from deeper in the ocean up
surface (Attachment 8). Construct an explanatioméev ocean currents, driven by temperatuf
differences and the Coriolis effect, daave a causal role in determiniting differences between
the citi es 6 stand maxenn tempenatareswiaen lgpth cities are locatdoe same
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coast. Account for the differences between cities in terms of the heating from solar energy
transfer of thermal energy in your explanation.

On the map of the westehalf of theUS, identify regions where ocean currents will affect the
climate by:
- Labelingareason the mapvhere differences itemperatur@ccur, based on ocean currents
- Indicating on the map ttpossiblecause of the differences in climate (in terms of heatin
from solar energy and/or the transfer of thermal energy)
- Drawing arrows with labels showing the direction of ocean water circulation that would
to differences in temperatyre
- Drawing arrows with labels showing the direction of energy moverhémgre is a transfer
of thermal energy.

G. Consider the maps showing the topography around Seattle, San Francisco, and Las Vega
(Attachment 10). Winter precipitation data for Minneapolis represent the amount of
precipitation from snowfall becausestcold enough in the winter for all the precipitation tq
be frozen as snow and ice. Althougtvould beunusualto have snovin the cities of Seattle,
San Francisco, and Las Vegas, it does snaWwamountains near these citie€onstruct an
explanatio that addresses wisyowfalloccursin certain aeas near these citigsven though
it is usually too warm in the citiethemselvesfor snow to fall there.

On the map of the western YSttachment 11)use your explanation identify regions where
topography and altitude will affect the climate by:
- Labelingareason the maphere differences itemperaturare likely tooccur, based on
topography.

H. Las Vegas36.0800° N) andan Francisco, CA3{.7833° N) are located at similar latitudes.
Compare the precipitation data for these cities. Use the map of wind direction (the Westerl
Attachment 9 and the topography of the land between the two ciitaghment 10jo construct
an explanation fowhat causes the difference in precipitation data between the two cities.

On the map of the western USe your explanation identify regions where the prevailing win
direction (and topography) will affect the climate by:
- Labelingareason the mapvhere differences iprecipitationoccur,
- Drawing arrows with labels showing the direction of air movement that would lead to
differences in precipitation.

I.  Use your labeled map as a model for the western United States climate, sieskenibe
specifically where and how air and ocean circulation patterns are affecting dhntlasitesystem
Then,develop an argument from evidenbat similar patterns occur throughout the Earth, an
therefore that unequal heating and the rotation oE#réh creates the patterns of air circulation
on the planet.
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Alignment and Connections of Task Components to the Standards Bundle

Task Components Aand B ask studentstplot and interpret daily andonthly average temperaturg
values fortheis c ho ol 6 s | ,amddaskiCommpongerttCoaska Jtudents to plot average
temperature and precipitation data for four selécities. By plotting the temperatu¢scatterplas)
and precipitation valugbargraphs) studentsre partially addressirntge CCSSM standard
6.SPB.4. By calculating the mean, medianpde and range anldy considering their meaning relatiy
to data on thecatterplot students araddressinghe CCSSM standard$.SP.A2, 6.SP.A3, and
7.SP.B.4andpartially addressingnthe CCSSM standards.SP.B.5¢ By comparing two populations
of daily temperatures values from different years, studen@dairessing.SP.B.4and partially
addessing/.SP.B.3 By comparing daily temperature vakiwith average monthly temperature valy
and commenting on why average values are reasonable approximatidatafmpulations
representinglaily temperature, studerdseaddressingoCSSM practiceMP.2, partially addressing
CCSSM standard of7.SP.A.1, CCSSM practiceMP.3, andpartially addressingarts oftheNGSS
practices ofAnalyzing and Interpreting Data andUsing Mathematical and Computational
Thinking. By explaining and describing data, including observations of similarities and differeng
students cademonstrate their understandingéf7.2, W.7.2.a, W.7.2.b, W.7.2.b, WHST:8.2,
WHST.6-8.2.a, WHST.68.2.b, andWHST.6-8.2.c

Task Components C, D, E, F, Gand H ask students to compare the temperature and precipitatig
data of four selected cities to evaluate how latitude, geographic location, ocean currents, preva
wind direction, altitude, and topography influence the regional climates of these citiesbarld a
map outlining where these will affect climate in the wesketf of theUnited States By asking
students to construarguments andxplanationsthese task components together partiatigress
parts ofthe NGSS core ideas Weather and Climate (ESS2.Das it relates toMS-ESS26) andThe
Rol es of Water i n Ear t hdsdrelStestoMa-ESS26) padsmoithe s e
practices ofAnalyzing and Interpreting Data, Engaging in Argument from Evidence,and
Constructing Explanationsand Designing Solutionsandparts ofthe crosscutting concepts of
Cause and EffectPatterns, andEnergy and Matter. The development of the maflows students
to demonstrate their understandingle NGSS practice developing and Using Modelsds it
relates toMS-ESS26). Theuse ofscatterplad in theinterpretation of the climatological data
addresse€CSSM standard¥.SP.A.1 7.SP.B.3and7.SP.B.4as well as CCS#M practicesMP.2
andMP.3. In these task componenasyunderstanding of statistical values, such as mean and rar
enhancestudents interpretatioof the effects the various listed factors have on climate, while
interpretation of the plotted data populations in the context of climate entsndessd
understanding of those statistical valugg.constructing bw and why explanations ifask
Components D, E, FandG, students capartially addresenW.7.2, W.7.2.a, W.7.2.b, W.7.2.b,
WHST.6-8.2, WHST.68.2.a, WHST.68.2.b, andWHST.6-8.2.c

Task Component lasks students to describe how unequal heating and the rotation of the Earth
air and ocean circulation patterns, and tothse labeledmap as a model wescribehow these
patterns affect climate in the westémaf of theUnited States This patially addresseparts ofthe
NGSS core ideas &/eather and Climate (ESS2.[as it relates toMS-ESS26) andThe Roles of
Water in Earth's Surface Processes (ESS2.685 it relates toMS-ESS26); parts ofthe NGSS
practices ofDeveloping and Using Modelsds it relates toMS-ESS26) andEngaging in
Argument from Evidence; andparts ofthe NGSS crosscutting conceptQzuse and Effect
Patterns, Energy and Matter, andSystems and Systems Models (MESS26).

Together,Task Components D, E, F, G, Hand | addresshe NGSS performance expectationvs-
ESS26. The task componengsldressparts ofthe core idea dESS2.D: Weather and Climateand
ofESS2. C: The Rol es of Wat e andpans oftaecrossbuftisg cahaept
of Systems and System Modelgrough the practicBeveloping and Using Modeldy asking for the
production of a magmode) of the westertalf of theUnited States that indicates and labels areas
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where temperature and precipitation are affected by solar eatiargy transfer, and air and ocean
circulation patterns, and the use of that model map when explaining how and why the climate
(temperature and precipitation) is affected. By (a) creating a model representative of the climat
energy system of the westeUnited States that indicates where the climate is affected by latitude
altitude, and geographic land distribution; the direction and location of energy transfer between
and continent; and the location where solar heating is greater or le¢b) agdising that model to
describehow these factors affect climate (including an explanation of what drives ocean and air
circulation patterns), students completing the task components are integrating the disciplinary ¢
with the crosscutting coept and the practice.

Evidence Statements

Task Component A
0 Students represent daily temperature data on a scatterplot, and create one plot for each
For each year, students calculate the range, mean, mode, and median values for high g
temperatures.
Students use straight lines on the scatterplots to represent the calculated mean high an
temperature values.
I. Studentause specific featurdsom their scatterplots as evidence to desceibeh of the
following:
3 Themean represents the temperature around which the data points are ¢listere
the time period as represented by the ;data
3 Themode represents the temperature that occurs nangtefntlyin the data;
3 Themedian is the temperature that falls in the middle when the data values are |
in order from smallest to largest
3 Therange representhe difference between the smallest and largest data (relue
much the data points arerspd out)
3 Variancein the datandicates the differences between the data points and their m
A high variance indicatehat the data points are not equally distributed on either ¢
of the mean lin@nd may cause the mean to be higher or lower titemedian
0 Il. Studentszompae the two dataes, describing
3 Similarities or differences in the mean, mediamde,and range values
3 Examples from thacatterplad of where the data ranges overlap
3 Similarities or differences in the pattern of data ondbatterplos.

0
0

O«

(@]

Task Component B

0 Students represent monthly average high and low temperatures on a scatterplot.

0 Students maka claim thathe mean (average) monthly data calculftech manyyears are
more representativef the range of temperatures theamarea could experiencedny single
month.

0 Students descibi@e following observations from daily and monthly dstatterplas as

evidenceand connect the evidenttethe claim withthefollowing reasoning

3 The daily temperature data fragivenyear, including the meaand rangemay be
very different from the daily temperature data from a different;year

3 The daily temperature data framygivenyear, including the mean and range, may b
significantly higher or lower than other years

3 The mean of many years of climate data taKe into accours much greater range i
temperatures than is present from only one year of data

3 The range in data from many years is more likely to includeverlap with the range
of data from any one year.

Task Component C
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0 Students represent the average mortigy and low temperatus®n thescatterplag, creating
onegraphfor each of the four cities.

0 Students represent theesiage monthly precipitatiomahe bar graphgreatingone for each

city.

Task Component D
0 Studentddentify the giverclaimthathigher latitudes have lower average temperatinrased
on the differences in temepratures and differences in latitude betweeerayblis, MN and
Las Vaas, NV

0 To evaluatahe claim studentsdentify and describe the following patternseaglence:

3 That Las Vegas, NMshows similar spread (magnitude of the range) of yearly
temperature data as Minneapolis, Mt that the range covers higher temperature
(from scatterplot)

3 That Minneapolis, MNis located at a higher latitude than Las Vegas,(fiddm map)

3 That lower latitudes receive more direct sunlight than do higher latitudes.

0 Students evaluate the evidence for relevance and sufficiency to stgpoliim, including the
distinction between correlation and causation, as it relates to their interpretation of the d
from the graphs.

0 Studentssynthesizeherelevantevidence logically usinthe reasoning thdhe higher range o
yearly temperaturdata correlates with lower latitudes, so the amount of direct sunlight m
cause the higher temperature range found in Las Vegas (compared to Minneapolis)

0 Students labehie map of the westetdnited Statess follows:

3 Adding labelsin the higher latituds indicating lower temperatures due to less sola|
heating

3 Adding labelsin the lower latitudes indicating higher temperatures due to greater
heating.

Task Component E
0 Studentgonstruct arexplanatiorthatincludesthe ideahat areas near the @edo not
experience as large of differences in average temperature from month to mibmtress far
from the oceanbased othe differences in temperatures (range and minimum temperatun
between Minneapolis, Midnd Seattle, WA
0 Students identify and describe the followjpgtterns agvidenceo constructthe explanation
3 Theyearly range in temperature is more narrow,(net as great a difference in
temperature from the cold to warm months) for data from Seattle tNgA forthe
data from Minneapolis, MNfrom the scatterplots)
3 Theaverage temperatures for the warmer months are similar in both cities, but tl
average temperatures for colder months are lower in MinneapolistHdiin Seattle
WA (from the scatterplots)
3 Minneapolis, MNis geographically located in the interior of the continent and tha
Seattle, WAIis located byanocean(from map)
3 Bothland and water absorb energy from the sun, but water (e.g., oceans)kithleas
energy more slowly thatie land des
To construct the explanatiortudentsconnect the evidencedically using reasoninthat the
transfer of thermal energy from the oceam account for the relationship between ocean
proximity and range in average temperature
0 On the given maptsdents
0 Identify and labeéreasof land near the ocean
0 Use arows with labelgo indicatethe transfer of thermal energy between the land i
the ocean

O«

Task Component F
0 Students construct an explanation ihatudes the idethatthe differencedetween the cities
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temperature ranges and max/min temperataiase accounted for by the fact that ocean
circulation places colder ocean water adjacent to San Francisae|&life to Seattle, WA

0 Studentddentify and describe the following patterrse@idenceto construt their
explanation

3 Both citiesshow a relatively narrow range in yearly temperature but that the rang
data for San Francisco, C& narroverthan the range of data from Seattle, \(from
scatterplot)

3 Average temperatures fdre warmer months in San Francisco,,@re lower than the
average temperatures for the warmer months in Seattlg(fdA scatterplot)

3 Although both cities are located along the coast, San Francis¢is I0éated at a
place where the ocean currents are bringing in colder ocean aiarsnap)

0 To construct the explanatioriugentsconnect the evidendegically using reasoninthat
ocean circulatioffior a given latitudenoves ocean waters to places where they are
colder/warmer than typical fahatlatitude in a processausedy temperature differences af
the Coriolis effectThe location and movement of these ocean currents can account for
warmer/cooler than typic#énd temperatures.

0 Onthe map of the westetdnited Statesstudents

3 ldentify and label geas of land near the oceamdicating a much smaller range of
temperatures throughout the year due to the transfer of energy to and frortltates
typical ocean grrents

3 Add arows showing the direction of ocean water circulgtion

3 Add arows showing the transfer of thermal energy between the land and the oc4

Task Component G
0 Studentgonstruct an explanation that includes the idea that the colder temperatures @it

higher altitude allowor snowfall to occur.

Students identify and describe the following patterns as evidence to support their explaf

0 The relationshipetweenype of precipitationr@in versussnow) and areas of great
topographic relief

0 That some places on the map with snow are areas of higher altitude.

0 Theair pressure is lower at higher altitudes.

0 Students use reasoning to logically connect the evidencastrgot an explanation that cold
temperaturesgssociated with lowasressure, at higher altitudes can account for the prese
of snowfall in places with great topographic relief.

0 Students label areas of higher elevation, indicating areasdartemperatures due to a
location at higher altitudes.

(@]

Task Component H
0 Students construct an explanation tt@tnects the difference in the amount of precipitatio
between San Francisco, CA, and Las Vegas, NV, with the direction of air movement fro
west to east over an area of great topographic relief, anthttiatles the idea thateas to the
west of the topographic higlget more precipitation than areas to the east of the topograp
highs.
0 Studentsdentify and describthe followingpatternsas evidencén their explanation
3 The observation from the geographic map that there is an agesabftopographic
relief between San Francisco, Cénd Las Vegas, NV
3 The observation from the precipitation bar graphs that Las Vegad)déuwnuch less
average precipitation per year than San Franciscg, CA
3 The observation from the image of prevailing wind directions that the wind patte
move air from over the ocean in the west to over the continent in the east
3 The observation from the image of prevailiwind directions and the geographic mg
that air moves from the area near San Franciscop@# an area dfreat topographig
relief to the area near Las Vegas, NV.
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0 To construct their explanatiortuglentsconnect the eviderdogically using the reasamj that
the connection between the amount of precipitation and the geographic location of the
be accounted for by the loss of moisture in the air as it moves from west to east over thg
of great topographic religfrom the San Francisco, Céea to the area near Las Vegas, NV

0 On the map of the westetdnited Statesstudents

3 ldentify and label geasof land to the east of mountain ranges as areas with less
precipitation due to the movement of air over the mountain ranges

3 Identify and labkareasof land to the west of mountain ranges as areas with more
precipitation due to the movement of air over the mountain ranges

3 Add arowsshowing the prevailing direction of air circulati@uatterns of air
movement)

Task Component |
0 Students ustheir map as anodel toidentify where and todescribehow, air/ocean circulation
affects climate in the western United States. Examples cited include:
3 An example of where the movemaitair affects the patterns pfecipitation due to
the rain shadoweffect
3 An example of where the movement of ocean water affects average temperaturg
the coast due to the ability of the ocean to buffer land temperatures.
0 Studentglevelop an argument that supports the clhiat air/ocean circulation affects clireaf]
throughout the planetin theirargument students identifghe following patterngs evidence
to support their claim
0 areas on the Earth where circulation of air due to unequal heating and the rotatig
the Earth causes and defines the prevailingivdirections.
o areas on the Earth where circulation of water due to unequal heating causes an
defines the ocean circulation patterns.
0 Students evaluate the evidence for relevance and sufficiency for supporting the claim,
including the idea that phenomemay have multiple contributing causesd any limitations
their evidence may pose (e.g., the use of models, correlation vs. causation).
Students synthesize the relevant evidence, using the following reasoning:
0 Unequal heating creates differences in dgrmetween warmer and colder air/water
causing air/ocean circulation.
0 Therotation of the Earth causes air and water circulation patterns to be deflecteq
as totheright in the Northern Hemisphere (clockwise rotation) and to the left in th
SoutherrHemisphere (countasiockwise rotation).

(@]
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Attachment 1. Obtaining Regional Daily Temperature Data

Note for Task Component A, students ares® actual high/low temperaturesiot daily averages.

Archived temperature data may be accessed from the National Weather Service Office serving a region.
Once at the regional office website, archived data may be accessed at the National Weather Service by
clicking the following tabs:

0 ClimateLocal (on left side),
0 Observed weather, select the product: preliminary monthly climate data
0 Select location (example is from Reagan Natigkigbort),

0 Choose archived data and seleahanth (example below is from March 300

0 Select go.

An examp PreliminaryLocal ClimatologicalData report from the National Weather Service for
Washington D.C., March, 2003 is shown below. The first column is the day of the tmasgicpnd

column is the high temperature for the day (max) and the third coluthe isw temperature for the day

PRELIMINARY LOCAL CLIMATOLOGICAL DATA (WS FORM: F-6)

STATION: WASHINGTON NATIONAL
MONTH: MARCH

YEAR: 2003

LATITUDE: 38 50 N

LONGITUDE: 77 2 W

TEMPERATURE IN F: :PCPN: SNOW: WIND :SUNSHINE: SKY :PK WND

1 2 3 4 5 6A 6B 7 8 9 I00 11 12 13 14 15 16 17 18
AVG MX 2MIN

DY MAX MIN AVG DEP HDD CDD WTR SNW DPTH SPD SPD DIR MIN PSBL S-S WX SPD DR
1 40 33 37 -5 28 0 0.01 0.1 3 5.7 14 190 M M 10 18 15 190
2 52 36 44 2 21 0 0.41 0.0 1 9.221320 M M 91 28 320
3 42 20 31 -11 34 0 T T 0 13.3 28 340 M M2 35 340
4 46 23 35 -8 30 0 0.00 0.0 0 6.0 10 180 M M7 M M
5 68 38 53 10 12 0 0.07 0.0 0 5.8 16 350 M M 9 18 18 360
6 49 30 40 -3 25 0 0.22 0.0 0 13.6 26 20 M M 91 29 10
7 89 69 79 3 0 14 0.14 0.0 0 6.3 25 240 M M 6 13 33 250
8 87 71 79 3 0 14 0.00 0.0 0 6.8 25280 M M7 32 260
9 91 72 8 6 0 17 0.28 0.0 0 7.5 23250 M M 8 13 31 260

10 76 69 73 -3 0 8 0.23 0.0 0 9.216 50 M M 10 138 18 60

11 86 67 77 1 0 12 0.04 0.0 0 6.3 20280 M M 7 138 25 280

12 85 61 73 -4 0 8 0.34 0.0 0 7.0 23 220 M M 5 138 30 220

13 83 62 73 -4 0 8 T 0.0 0 3.7 13 360 M M 6 18 350

14 79 67 73 -4 0 8 T 0.0 0 6.3 16 90 M M 71 21 50

31 45 31 38 -13 27 0 T T 0 12.7 31 300 M M 48 39 320

SM 1767 1152 549 0 4.20 0.1 276.6 M 205

AV 57.0 37.2 8.9 FASTST PSBL % 7 MAX (MPH)

MISC --—-> 37 330 44 330

(min). Temperatures are given in degrdeghrenheit (°F).
(National Weather Servicéttp://www.nws.noaa.gov/climate/f6.php?wfo=hW¥eb page accessed-11
27-2013)
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http://www.nws.noaa.gov/climate/f6.php?wfo=lwx

Climate data obtained from the NOAA website are rewritten in the table below as a sample data set in a
form that could be given to students.

Climate Data for Washington, D.C., aHypothetical School Location

Date in High Low Date in High Low

March, [Temperature [Temperature March, | Temperature | Temperature

2010 (°F) (°F) 2013 (°F) (°F)
1 50 37 1 46 38
2 43 36 2 39 32
3 42 37 3 44 30
4 48 35 4 46 30
5 52 36 5 53 32
6 54 33 6 41 34
7 59 38 7 52 37
8 62 37 8 52 38
9 64 39 9 62 34
10 65 43 10 63 37
1" 65 46 1" 62 44
12 55 48 12 60 42
13 55 48 13 52 36
14 52 49 14 47 34
15 50 46 15 59 33
16 64 45 16 61 41
17 68 41 17 43 37
18 71 41 18 40 33
19 73 44 19 60 39
20 74 46 20 54 39
21 76 49 21 42 31
22 65 51 22 50 28
23 54 45 23 55 32
24 68 48 24 44 34
25 74 47 25 39 33
26 56 38 26 51 35
27 49 33 27 52 39
28 62 38 28 50 40
29 57 51 29 60 42
30 57 45 30 61 41
31 71 49 31 56 45

Teachers: You will need to choose the month and the yesangell ascompile the data in a chart for the
students. Choose data from a year with higher than average temperatures for the month and from a year
with average (or lower) temperatures. Theadean be from whichever month you choose, as long as it is
the same month for each year. This example shows March 2013, an average to below average year for
Washington, D.C., and March 2010, an above average year.
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Attachment 2. Obtaining Regional Monthly Climatological Data

From the Weat her (l@th/aAmw.\eehtbescorh)o me page
Searchfor your city.

Select the monthly tab on the left.

Select the averages tab below the calendar.

You can select data in either Fahrenheit or Celsius, tablgraph form.

A wbdPR

Note Theremay be advertisements that some might find objectionable at this website, so it might be
necessary to provide the students with the data alré@dyattedin a table like the one below.

Sample Average Monthly
Temperature Data
from Washington, D.C.

Average Average
Month | e Tomp | Low Temp

(°F) (°F)

Jan 43 29
Feb 47 31
Mar 56 38
Apr 67 47
May 7% 56
June 84 66
Jul 89 71
Aug 87 70
Sept 80 63
Oct 68 51
Nov 58 41
Dec 47 33

Source:http://www.weather.com/weather/wxclimatology/monthly/DCac€essed +27-2013.
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Attachment 3. Daily Temperature Graph
Note: Teachers may choose to have their students design their own plots rather than be giotiéhew.
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Attachment 4. Average Monthly Temperature Graph
Note: Teachers may choose to have their students design their own plots rather than be given the plot below.
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Attachment 5. Average Monthly Precipitation Graph
Note: Teachers may choose torbdheir students design their own plots rather than be given the plot below.
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