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309 310



Living Earth Instructional Segment 2: History of Earth’s Atmosphere:



311



Photosynthesis and Respiration



312



In the middle grades, students explained the role photosynthesis plays in cycling



313



of matter by the production of sugars (food) using light energy and carbon dioxide (MS-



314



LS1-6), and developed a model of how food molecules can be rearranged to extract



315



usable energy (MS-LS1-7). They also are already familiar with cycles of matter within a



316



system from their investigation of the water cycle (5-LS2-1, MS-ESS2-4). In this



317



Instructional Segment, students explore the cycling of matter [CCC-5] between the



318



biosphere and the rest of Earth’s systems [CCC-4].



319 Living Earth – Instructional Segment 2: Earth’s Atmosphere: Photosynthesis and Respiration Guiding Questions: How do living things acquire energy and matter for life? How do organisms store energy? How are photosynthesis and cellular respiration connected? How do organisms use the raw materials they ingest from the environment? How has the cycling of energy and matter changed over Earth’s history? Students who demonstrate understanding can: HS-LS1-5. Use a model to illustrate how photosynthesis transforms light energy into stored chemical energy. [Clarification Statement: Emphasis is on illustrating inputs and outputs of matter and the transfer and transformation of energy in photosynthesis by plants and other photosynthesizing organisms. Examples of models could include diagrams, chemical equations, and conceptual models.] [Assessment Boundary: Assessment does not include specific biochemical steps.] HS-LS1-6. Construct and revise an explanation based on evidence for how carbon, hydrogen, and oxygen from sugar molecules may combine with other elements to form amino acids and/or other large carbon-based molecules. [Clarification Statement: Emphasis is on using evidence from models and simulations to support explanations.] [Assessment Boundary: Assessment does not include the details of the specific chemical reactions or identification of macromolecules.] HS-LS1-7. Use a model to illustrate that cellular respiration is a chemical process whereby the bonds of food molecules and oxygen molecules are broken and the bonds in new compounds are DRAFT CA Science Framework-Chapter 6: High School Three Course Model The Living Earth: Integrating Life and Earth Sciences
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formed resulting in a net transfer of energy.[Clarification Statement: Emphasis is on the conceptual understanding of the inputs and outputs of the process of cellular respiration.] [Assessment Boundary: Assessment should not include identification of the steps or specific processes involved in cellular respiration.] HS-LS2-3. Construct and revise an explanation based on evidence for the cycling of matter and flow of energy in aerobic and anaerobic conditions. [Clarification Statement: Emphasis is on conceptual understanding of the role of aerobic and anaerobic respiration in different environments.] [Assessment Boundary: Assessment does not include the specific chemical processes of either aerobic or anaerobic respiration.] HS-LS2-5. Develop a model to illustrate the role of photosynthesis and cellular respiration in the cycling of carbon among the biosphere, atmosphere, hydrosphere, and geosphere. [Clarification Statement: Examples of models could include simulations and mathematical models.] [Assessment Boundary: Assessment does not include the specific chemical steps of photosynthesis and respiration.] HS-ESS1-6. Apply scientific reasoning and evidence from ancient Earth materials, meteorites, and other planetary surfaces to construct an account of Earth’s formation and early history. [Clarification Statement: Emphasis is on using available evidence within the solar system to reconstruct the early history of Earth, which formed along with the rest of the solar system 4.6 billion years ago. Examples of evidence include the absolute ages of ancient materials (obtained by radiometric dating of meteorites, moon rocks, and Earth’s oldest minerals), the sizes and compositions of solar system objects, and the impact cratering record of planetary surfaces.] HS-ESS2-6. Develop a quantitative model to describe the cycling of carbon among the hydrosphere, atmosphere, geosphere, and biosphere. [Clarification Statement: Emphasis is on modeling biogeochemical cycles that include the cycling of carbon through the ocean, atmosphere, soil, and biosphere (including humans), providing the foundation for living organisms.] HS-ESS2-7. Construct an argument based on evidence about the simultaneous coevolution of Earth’s systems and life on Earth. [Clarification Statement: Emphasis is on the dynamic causes, effects, and feedbacks between the biosphere and Earth’s other systems, whereby geoscience factors control the evolution of life, which in turn continuously alters Earth’s surface. Examples of include how photosynthetic life altered the atmosphere through the production of oxygen, which in turn increased weathering rates and allowed for the evolution of animal life; how microbial life on land increased the formation of soil, which in turn allowed for the evolution of land plants; or how the evolution of corals created reefs that altered DRAFT CA Science Framework-Chapter 6: High School Three Course Model The Living Earth: Integrating Life and Earth Sciences
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patterns of erosion and deposition along coastlines and provided habitats for the evolution of new life forms.] [Assessment Boundary: Assessment does not include a comprehensive understanding of the mechanisms of how the biosphere interacts with all of Earth’s other systems.] HS-ESS3-6. Use a computational representation to illustrate the relationships among Earth systems and how those relationships are being modified due to human activity.* [Clarification Statement: Examples of Earth systems to be considered are the hydrosphere, atmosphere, cryosphere, geosphere, and/or biosphere. An example of the far-reaching impacts from a human activity is how an increase in atmospheric carbon dioxide results in an increase in photosynthetic biomass on land and an increase in ocean acidification, with resulting impacts on sea organism health and marine populations.] [Assessment Boundary: Assessment does not include running computational representations but is limited to using the published results of scientific computational models.] (Introduced but not fully assessed until IS6) *The performance expectations marked with an asterisk integrate traditional science content with engineering through a practice or disciplinary core idea.



The bundle of performance expectations above focuses on the following elements from the NRC document A Framework for K–12 Science Education: Highlighted Science and Engineering Practices Engaging in Argument from Evidence Developing and Using Models Using Mathematical and Computational Thinking Constructing Explanations Designing Solutions



Highlighted Highlighted Disciplinary Core Ideas Crosscutting Concepts LS4.A: Evidence of Common Ancestry and Diversity



Energy and Matter



LS4.B: Natural Selection



Systems and System Models



Stability and Change



LS4.C: Adaptation ESS1.C: The History of Planet Earth ESS2.C: The Roles of Water in Earth’s Surface Processes



Highlighted California Environmental Principles & Concepts: Principle II The long-term functioning and health of terrestrial, freshwater, coastal and marine ecosystems are influenced by their DRAFT CA Science Framework-Chapter 6: High School Three Course Model The Living Earth: Integrating Life and Earth Sciences
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relationships with human societies. Principle III Natural systems proceed through cycles that humans depend upon, benefit from and can alter. Principle IV The exchange of matter between natural systems and human societies affects the long term functioning of both. Principle V Decisions affecting resources and natural systems are complex and involve many factors. 320 321



Students can consider the phenomenon of a sealed glass sphere that supports



322



the survival and growth of both algae and brine shrimp (Figure 6C-3, left). How do they



323



survive without air flowing in? On a more advanced level, they can observe how the



324



global atmospheric CO2 concentrations on Earth follow a distinctive pattern [CCC-1]



325



each year (Figure 6C-3, right; caused by the fact that there is more land in the northern



326



hemisphere and therefore more respiration during the growing season of the northern



327



hemisphere summer). They should be able to explain and model each of these



328



processes by the end of this IS.



329 330 331



Figure 6C-3. Phenomena Illustrating Relationship Between Photosynthesis and Respiration



332 333



A sealed sphere that supports survival of both brine shrimp and algae (left). CO2 levels



334



are highest in June each year and cycle annually (right). Source: Ecosphere and NOAA



335



2016.



336 337



All living organisms need energy, and students traced the flow of energy in



338



ecosystems back to plants and the Sun in elementary school. Photosynthesis by



339



producers involves two interdependent cellular processes: capturing sunlight/light



340



energy by chloroplasts and using that energy to fix atmospheric carbon dioxide into a DRAFT CA Science Framework-Chapter 6: High School Three Course Model The Living Earth: Integrating Life and Earth Sciences
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341



glucose molecule. Plants either use the glucose directly or store energy by connecting



342



glucose molecules together to form starch (which is easier to store).



343



Heterotrophs (consumers or animals) ingest producers as food that they use for



344



energy and building blocks for growth. Consumers often store energy in stacked



345



glucose molecules in the form of glycogen (in higher animals, glycogen is stored in liver



346



and muscle tissues). Both plants and animals use cellular respiration as the process by



347



which organic molecules are broken down to release energy and form molecules of



348



adenosine triphosphate (ATP). The process of cellular respiration uses up oxygen and



349



releases carbon dioxide. The ATP formed in cellular respiration has high levels of



350



potential energy that allow cells to do work; and therefore, if there is no ATP then there



351



is no life. The energy from ATP is released when it is converted back into adenine



352



diphosphate (ADP). Students do not need to know the individual biochemical steps of



353



these two processes but rather need to understand the connections between them.



354



Students will need to understand that these processes happen in order for organisms to



355



make ATP, the molecular source or “currency” of energy for the cell.



356



The products of photosynthesis are used as the reactants for cellular respiration



357



and vice versa. Students can create models [SEP-2] of these processes using



358



chemical equations or pictorial models that emphasize the energy and matter [CCC-5]



359



inputs and outputs from each process (HS-LS1-5, HS-LS1-7; Figure 6C-4). Sometimes



360



both processes occur in the same organism, and sometimes the respiration occurs in a



361



consumer after it has eaten the producer. With each cycle of organisms eating or being



362



eaten, there is less usable energy available to the organism (a consequence of the



363



second Law of Thermodynamics, HS-PS3-4). In this way, Ecosystems are constantly



364



losing usable energy and therefore rely on the Sun to provide a constant influx of



365



energy.



366 367 368
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369 370



Figure 6C-4. Models of Photosynthesis and Respiration



371 372 373 374 375 376 377



Examples of models showing how photosynthesis and respiration are mirrors of one another, involving the same basic ingredients. Matter cycles within the Earth system between the two processes, but energy must constantly flow in as sunlight to replace the energy put to work by organisms to grow and survive. Source: M. d’Alessio and V. Vandergon



378 379 380



Engineering Connection When raw sewage flows into waterways, it can impact the health of both humans



381



and ecosystems (EP&Cs II, IV), which is why wastewater treatment facilities are an



382



important part of all California cities. Engineers have learned to put biological processes



383



to work to process human waste in wastewater treatment facilities. Students can obtain



384



information [SEP-8] about the different stages of sewage treatment, some of which



385



involve bacteria that rapidly decompose organic waste. Students can make physical



386



models [SEP-2] of this process by using sugars to represent the organic waste, yeast



387



to represent the waste-processing bacteria, and glucose test strips to measure the



388



concentration of simulated waste in the water. Performing investigations using these



389



models, students can develop techniques for speeding up the wastewater treatment



390



process. Is there an optimal amount of yeast to add? Does the treatment process speed



391



up or slow down when students add air or seal the container? What techniques can they



392



develop for efficiently adding air? Students can construct an explanation [SEP-6] DRAFT CA Science Framework-Chapter 6: High School Three Course Model The Living Earth: Integrating Life and Earth Sciences
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393



about how the change in oxygen in the bacteria’s environment affects their respiration



394



rate (HS-LS2-3).



395 396



A detailed model of photosynthesis and respiration can include the unique



397



chemical properties of carbon. Carbon is structurally important to building all biological



398



molecules, including the glucose molecule. What is so special about carbon? Due to its



399



electron structure and configuration, carbon can covalently bond to four other atoms



400



and forms single and double bonds with other atoms. The same raw materials can be



401



recombined in different configurations with different chemical potential energy, allowing



402



carbon-based molecules to store or release energy during these changes. Students



403



should be able to use computer simulations of this process to help them construct



404



explanations [SEP-6] about how organisms build a wide range of organic molecules



405



such as amino acids (HS-LS1-6).



406



Students can build a physical model [SEP-2] of a glucose molecule and show



407



how to split it up (with an emphasis on the components needed to build the glucose and



408



the components left after the breakdown of the glucose). They should start with the



409



atoms of carbon, hydrogen and oxygen and make the simple molecules of CO2, H2O,



410



and O2 and then trace the movement of these molecules, much like they did in MS-LS1-



411



7 but with added detail about what happens at each stage in the process. For example,



412



the carbon dioxide and water are raw ingredients to photosynthesis and then are



413



released as waste again in cellular respiration. Because of CO2’s role in both



414



processes, photosynthesis and respiration are crucial parts of the global carbon cycle.



415



When did the cycling of energy and matter [CCC-5] start on Earth and how is



416



cycling maintained? When asked what the Earth might have looked like 4.6 billion years



417



ago when it first formed, students’ image might be informed by prior knowledge that



418



may include non-scientific sources and may not be consistent with the scientific



419



understanding that Earth was lifeless. Teachers may need to explicitly discuss existing



420



ideas and their sources before beginning instruction. When Earth first formed, its interior



421



was still very hot and its interior rapidly convected (ties to HS-ESS2-3). Hot magma



422



rising up is part of convection, so rapid convection caused volcanic activity in Earth’s



423



early history. When these volcanoes erupted, they released large amounts of gas that DRAFT CA Science Framework-Chapter 6: High School Three Course Model The Living Earth: Integrating Life and Earth Sciences
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424



built up our early atmosphere with CO2. Around 3.4 billion years ago, organisms



425



evolved that could perform photosynthesis, which disassembles CO2 during



426



photosynthesis. This marked the beginning of life’s interaction with the global carbon



427



cycle, an example of Earth’s interacting system [CCC-4] of systems (biosphere



428



interacts with atmosphere). In the CA NGSS, students must use evidence like the graph



429



in Figure 6C-5 and their model of photosynthesis (HS-LS1-5) to construct an argument



430



[SEP-7] that life has been an important influence on other components of the Earth



431



system (HS-ESS2-7; HS-LS2-5). Early on, ocean water and chemical reactions with



432



rock material absorbed much of the oxygen that plants produced. By examining records



433



from rock layers, students can reconstruct aspects of Earth’s early history (HS-ESS1-6).



434



They can see evidence of biosphere-geosphere interactions in deep red colored rock



435



layers that accumulated at the bottom of the ancient ocean called ‘banded iron’



436



(because they are rich in iron oxides). The oldest banded iron formations provide



437



evidence of when plants first evolved, and thick deposits of banded iron about 2.4-1.9



438



billion years ago reveal another major change [CCC-7] – the expansion of multicellular



439



cyanobacteria and a boom in photosynthesis.



440 441



Figure 6C-5. CO2 and O2 in the Atmosphere



442 443 444



Concentration of CO2 and O2 in Earth’s atmosphere over its history. Dramatic changes happened as plants used CO2 to grow their biomass and released O2 during DRAFT CA Science Framework-Chapter 6: High School Three Course Model The Living Earth: Integrating Life and Earth Sciences
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445 446 447



photosynthesis. Image credit: (CC-BY-NC-SA) by M. d’Alessio, based on data from Holland 2006.



448



Examining the carbon cycle will help students understand how Earth systems



449



[CCC-4] maintain life. The exchange of carbon between the atmosphere and the



450



biosphere is just one of many important interactions between Earth’s systems that



451



involve the movement of carbon. In fact, one of the few additions that California made in



452



adopting the CA NGSS was to add this sentence to the Clarification Statement for



453



Performance Expectation HS-ESS2-6: “The carbon cycle is a property of the Earth



454



system that arises from interactions among the hydrosphere, atmosphere, geosphere,



455



and biosphere.” Scientists track the movement of carbon atoms through the carbon



456



cycle much like they track the movement of water molecules through the water cycle. In



457



both cases, scientists think about the cycle of matter [CCC-5] within a closed system



458



[CCC-4] because at this point in Earth’s history, very little water or carbon leaves the



459



planet or arrives from space. We simply need to track the movement of the matter that



460



is already here. A biological model of the carbon cycle is shown in IS1.



461 462



In the CA NGSS, students must develop a quantitative model [SEP-2] of the carbon



463



cycle (HS-ESS2-6), which needs to include:



464 465 466 467 468 469 470



1. Places where carbon accumulates within the Earth system (called ‘reservoirs’, reminiscent of the storage of water in the water cycle); 2. Processes by which carbon can be exchanged within and between reservoirs (called ‘flows’); 3. The relative importance of these processes and reservoirs, based on the amount of carbon they hold or transfer.



471



Various representations exist for the carbon cycle, including simple pictures like



472



Figure 6C-2. Interactive animations5, hands-on experiments6, and kinesthetic activities



5



WGBH. N.d. “Carbon Dioxide and the Carbon Cycle.”



http://d3tt741pwxqwm0.cloudfront.net/WGBH/pcep14/pcep14_int_co2cycle/index.html (Accessed May 31, 2016). DRAFT CA Science Framework-Chapter 6: High School Three Course Model The Living Earth: Integrating Life and Earth Sciences
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473



build on the static illustrations to help students develop conceptual models [SEP-2] of



474



the reservoirs and processes by which carbon is exchanged between these reservoirs.



475



For example, students can develop a simple physical model [SEP-2] of the



476



atmosphere-ocean system [CCC-4] by adding pH indicator to water in a closed



477



container (See Instructional Segment 1 of the chemistry course). Students can use this



478



model to investigate [SEP-3] what happens as a plant grows, a candle burns, or a



479



person exhales through a straw into the water. They notice that pH changes as CO2



480



from these sources interacts with the water to form carbonic acid. This same chemical



481



reaction happens at the global scale with interactions between the atmosphere and the



482



hydrosphere (PS1.B; Instructional Segment 6 of the chemistry course), making Earth’s



483



oceans one of the biggest reservoirs of carbon on the planet (see Table 6C-2 for the



484



relative sizes of different reservoirs). Students will explain [SEP-6] how the



485



concentration of CO2 in the atmosphere affects the rate of a chemical reaction in HS-



486



PS1-5 and the final concentration of acid in the ocean is an example of a system in



487



equilibrium as explored in HS-PS1-6. Because the system is near equilibrium, massive



488



amounts of carbon (~80 Gt) are absorbed into the ocean while massive amounts are



489



also released back to the atmosphere. These opposite flows are similar in magnitude



490



but do not balance out – the ocean absorbs about 2.5 Gt/yr more of carbon from the



491



atmosphere than it releases back, causing the ocean to become more acidic. An acidic



492



ocean can cause [CCC-2] major damage to plankton (that form the base of the ocean



493



food chain, LS2.A, LS2.B) and coral reefs (which host a large portion of the ocean’s



494



biodiversity), both of which affect [CCC-2] sea life (LS3.C) (IS6 addresses human



495



impacts). Scientists use complex computer models to calculate the expected changes in



496



ocean chemistry based on different human activities, and the CA NGSS pushes



497



students to use simple computer representations of models [SEP-2] to illustrate the



498



relationships between different Earth systems [CCC-4] and quantify [CCC-3] how



499



human activities change these systems (HS-ESS3-6; see IS6).



6



OMSI. 1997. “Experiment: Burning Issues.”



http://www.omsi.edu/sites/all/FTP/files/chemistry/U4BurningIssues_OpGuide.pdf (Accessed May 31, 2016). DRAFT CA Science Framework-Chapter 6: High School Three Course Model The Living Earth: Integrating Life and Earth Sciences
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Table 6C-2. Carbon reservoirs and atmospheric flows CARBON RESERVOIRS AND ATMOSPHERE FLOWS RESERVOIR Atmosphere



FORM OF



AMOUNT IN



FLOW RATE WITH



CARBON



RESERVOIR



ATMOSPHERE



Mainly carbon



840 Gt



Greenhouse gases are



dioxide (gas)



increasing due to human activities.



Biomass



Sugar, protein, etc. 2,500 Gt (mostly About 120 Gt per year into



(biosphere)



(solid, liquid)



in plants and



and out of air. Currently



soil)



absorbing about 2.5 Gt per year



Ocean



Mostly dissolved



(hydrosphere)



bicarbonate salts



41,000 Gt



About 80 Gt per year into and out of air. Currently absorbing about 2.5 Gt per year



Sedimentary



Carbonate



rocks



minerals (solid)



60,000,000 Gt



Negligible annually but important over very long time



(geosphere)



scales.



Fossil Fuels



Methane (gas)



(geosphere/



Petroleum (liquid)



atmosphere, mostly from



anthrosphere)



Coal (solid)



burning as fuels for energy.



10,000 Gt



About 9 Gt/year into



Units are Gigatons (Gt) of carbon. 1 Gt = 1 billion tons 502 503 504



Source: Dr. Art Sussman, courtesy of WestEd Table 6C-2 also reveals that the single largest reservoir of carbon is not in the air



505



or water, but in rocks. How does it get there? When students learn about the chemical



506



composition of life (LS1.C), they are able to explain why carbon is so important for so



507



many of life’s systems [CCC-4] (HS-LS1-6) (mentioned above in why carbon is a good



508



atom for living organisms). Living organisms are therefore a large reservoir of carbon.



509



When those organisms die, the carbon stored in their bodies can accumulate in layers



510



that get buried over geologic time (discussed more in IS3). Heat and pressure, caused DRAFT CA Science Framework-Chapter 6: High School Three Course Model The Living Earth: Integrating Life and Earth Sciences
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511



by burial, speed up chemical reactions that slowly reorganize the carbon and other



512



elements into new, easily combustible molecules that we call fossil fuels, including oil



513



(petroleum) and natural gas (including methane). To ensure that students see the



514



connection between past life and oil formation, students can draw the stages of oil



515



formation to summarize an article7 presented written or orally. Extracting oil and gas



516



from deep within the Earth and burning it harnesses energy that ancient plants and



517



animals collected millions of years ago and that has been stored as chemical potential



518



energy in materials trapped underground for millions of years. These materials are



519



incredibly valuable for generating electricity, fueling our vehicles, and generally enabling



520



modern society to thrive. Unfortunately, fossil fuels form very slowly and only under



521



specific conditions and therefore considered ‘non-renewable’ because we consume



522



them faster than they form. Access to fossil fuels occurs in specific places on Earth and



523



California has large deposits, though extracting them can often leak or spill toxic



524



chemicals into the air, land, and water (EP&C II, IV). While they are very convenient



525



(EP&C V), they also disrupt the natural carbon cycle (EP&C III). Students weigh the



526



cost and benefits of these fuels in the Physics of the Universe course.



527



7



The National Energy Education Development Project. 2012. Exploring Oil and Gas. Manassas: The



NEED Project. http://www.switchenergyproject.com/education/CurriculaPDFs/SwitchCurricula-SecondaryNaturalGas/SwitchCurricula-Secondary-ExploringOilAndGas.pdf pp. 13, 57 (accessed August 4, 2015). DRAFT CA Science Framework-Chapter 6: High School Three Course Model The Living Earth: Integrating Life and Earth Sciences
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