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The Story of Energy In the Earth System Balancing the Energy Budget —nergy Budast Cnanges Since 1950

The Sun is the source of energy for the Earth system. This energy reaches the Earth Just like a family budgect for finances, the encrgy budget of the Earth should be balanced. In equation form: In more recent vears r:.]?ungus in the atmosphere have also 'i..'pi.lll'.-il.':l:l unbalance 'u1. thm equations, with another
primarily in the form of visible light, although it also includes some infrared energy . - depariure from cquilibrivm. At Icast part of these changes is duc to human activitics.
(heat), ultraviolet encrey, and other wavelengths of the clectromagnetic spectrum.  Taking - Llll:]‘g}ﬂl.l t
mio account night and day and the seasons, on average about 340 Wats of energy enter This balance can be considered al several levels in the Earth svstem: T T T
every square meter of the Earth svatem. This iz slightly less than the encrgy that six 610 ' (a) Figure () depicts items that have caused
Watt light bulbs would produce, again, for every square meter of the Earth. AL the top of the atmosphere, the cnerey coming in from the Sun s balanced by sunlight reflected back 1o ] F— [ clfmlgcs in the energy budget since 1950, Called
space and the net mfrarcd emission from the Earth. The cquation 1s: 1500 : T e additiunai v:.n-;:l e
As it reaches the Earth svstem, some of the sunlight is reflecied back o space by clouds H0 the E“Lm:mm:c ] e -::I'I%-:-x:l]
and the atmosphere (particularly dust particles or acrosols in the atmosphera), A litle m . T + IR emission | halocerbona Th .h h Em he £ '
more sunlight is reflected 1o epace from the Earth surface, particularly from bright regions . . o : ' © grecnliouse gasses shown in (e figure
such as snow- and ice-covered arcas. In total, about 30% of sunlight is refected directly Al the Earth's sqrfac:c. absorbed 51!n|||_._*,|1L i5 balanced by the net [R emission and the conduction/convection o
liack & Bpace. This percentnge is called the albedo. and cvapotranspiration. The cquation is: E 1000 i
; : i sorhed + = IR cmission + Thermals + Evapotranspiration | E
About 0% of the sunlight is absorbed by the Earth system {(atmosphere and surface) and ! £
heats it up The most complicated balance 15 i the atmosphere, where absorbed sunlight and encrey absorbed from the E
surface arc balanced by the net infrared cmission. The cquation 15 B - have mcreased in the atmosphere mostly due to
a3 [ 4] e -
The clements of the Earth system {surface, stmosphere, chouds) emit mirared radiabion accordmg to i 4 t ' =i IR emitled to space + B cmatted o ground h|.|rr_1 o LIS : ! : natural - change from
their temperaturs, followimng the Planck funcbion (hitp-phet colorado eduwsmul atronssims php?sim 3 . ’ - - ?ahmlmm LD SLh i i ﬁlgl.:' AL
B P H bt i e wann ot e viovs, This infiaed along the bottom .:r.l' the graph. This hgure
e Y .s!:nm\*s the cumulative cffect of small -:hslngm.
: ; The additional heat lrﬂppu:d gach vear continues
One net effect of all the mfrared emission 15 that an amount of heat energy equivalent (o A ! : ‘-l-:"!-ll':jEin-E'r —— A — : A
~T0% of the mcoming sunlight leaves the Earth svstem and goes back into space. This : 1960 1860 1870 1950 1860 2000
is because the Earth system constantly tends toward equilibrium between the energy that Year
reaches the Earth from the Sun and the energy that 1z emitted (o space. Scientisis refer 1o

this process as Earth's “radiation budeet.”, and it happens becanse the svstem tends
toweard equilibrium.
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Torcing

Another net effect of the infrared emission is that about 340 Wanis of infrared encrgy 15 Knowmg how much addiional heat was .:_' 1504 nl:ir-:"pm
directed back to the surface from the atmosphere. This is called the greenhouset effect, _ Jsua) absorbed (because we know how much of 2 ' 3
and is due mainly o water vapor in the atmosphere. Carbon dioxide, methane and other } wmitod by A these gasses were emited) the question g
infrared-absorbing pases enhance this effect. Withowt an atmosphere, the Earth would e y o ey becomes: where did the energy go? Figure (b) k-
have an averasge temperature of -18 *C, too cold for life as we know it ' paritions the added energy shown above 2 [ el
5 e based on obscrved changes in the Earth & 1000 - .
gvelom, 5o far, a small amount of the energy ; o
has gone into warning the ocean — the part of i,
At the surface, two additional heat transfer mechanisms operate to balance the system, in the Earth that stores the most energy.  Some §
addition to the radiation transfer: 1} convection and conduction in the form of thermals BRI obsobedby  Smindby back . has cscaped Earth i the form of ncreased IR p o vt bkl |
{which create weather), and 2} o change of state of water through evapotranspiration : i il b . emission because of wanmer temperaturcs. 3 500 - el |
{which also feeds weather). ] .. ' i I : Some was reflecied lo space by ‘aemsols 3 F radatios
net absarbed { MR iz e (mosthy volcamic in orgin) i the strafosphere. x _/,r" . J
o i, i The: remainder (whate band § 1= inferred fo have E — e
R i parwa i been reflected due o acrosols  (mosih 5 | | energy
e e varags eSS oxr den s of chu : polluion) in the troposphcre, and other effccis - o lu““:a | e
Bottom Line: —_— —_— such as a changing reflection of the land L I o e smcgnce |
According to the best available data from the CERES satellite instrument, along with information from other data These balance equations are for an equilibrium state of the Earth. Equilibrium would be expected for a planet e =0 1960 e e 130 2000
sources, the radiation budeet at the top-of-atmosphere was nol balanced dunng the five years From 2000-2005 that has spent a long iime in a stable solar system, bul sometimes changes occur that take the system out of =
Approximately 0.85 Watts of energy were added to the Earth system, on average, for each square meter of the balance. For example, the ice ages occurred becanse of long-fenn changes in Earth's orbit around the Sum,
Earth's surface. A continued imbalance of the radiation budzet would mean a change in Earth's climate which resulted in a change to the “Sunlight In™ term. Over time, reflected sunlight and IR emission changed to
: A balance the first equation. The result was a colder surface and major glacial advances

Frgtires: freem Murphy ot al, 2009 m Gieophyacal Fessinch Lettens

s in Net Radiative Flux The Earth's Energy Budget Cnergy Budget Detectives

: . Soring all this oul requires information on a Lot of different things, and lots of different skillz o bring it all ogether.
The energy budget diagram on the front shows our best understanding of energy flows mto Here are a few of the key plavers in ereating this diagram. More are highhghied on the web page.
and asway from the Earth. 1t is bazed on the work of many scientists over more than 100 vears,
with the most recent measuremenis from the Clouds and the Earth s Radiant Energy System
(CERES; hitp:/fscicnce. larc. nasa.goviceres”) satellite instrument providing high accuracy data

of the radiation components (reflected solar and emitted infrared radiation fluxes)

Seasonal Cye
Pumpaose:

To uze CERES radiation data (o understand seasonal variations in the pattem of net energy input i the Earth svstem.
Grade Level:

6.9-12
Estimated Time for Completing Activity:

Ome 30-minute class period
Learning Dutcomes:

+ Understanding how Earth's (ilf canses seasonal differences in incoming solar encrgy

+ Using the Live Access Server o investigate the Earth's radiation budget

* Locating map locations using latitude and longitude coordinates

+ Understanding how features of the Earth svstem, such as clonds and deserts, modulate the reflection of
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Senior Grraphic Designer

As part of the outreach team, Tim
provides vanows graphic design and
animation suppont for scionlists al
MASA Each dav s wsually spent
workmg on auamabions for space

As aresearch physical scientist, Dr.
Wong analvecs CERES satcllitc
data to track and understand
climate change. He works with
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This energy balance determines the climate of the Earth.
Chur understanding of these energy Mows will continue to evolve as scientists obtam a longer
and longer record using new and better instruments (hitp:Yclarrco larc nasa. gov/).

pmnqui,?llirg} trom fhe Su WUW? compuler programmers Lo seck answers o s scientific | hased missions, or on illustratons
. Fa|1.1iliarih' with accessing websites on the Intemet ;_.,.Jﬂl'f/"f-- Uni .p.ruhlmm and anl"n‘; 'h': !'cmlzarv:h gn::ls of his project. wsed M communcaing science concepds, Tim has always
= Familiarity with locating given goographical locations wsing latiode and longitude and 8 world map 2% DN (s i akmeng explains t. A s 1.':“':“!#' L BT bfnl mbzresied in ﬁ]l:!I nd fnamikiorn, 80 v dm'd‘:.ﬂ [ﬂ_gﬂl
+ Prior lesson about seasons and Earth's tilt l:‘]T [ Energy fhoces are measwred ay Waits per sguare mefer 0w ms‘zﬂf‘:ll-_ reading people 5— scieniific ]-"ﬁl-"'ﬂ_"'S ff""d his Bachelor of Ars in Film Dirscting and 30 Animation,
Vocabulary: | Wait: a standard unit of power news helps h“'_“ i keep up with the latest 5‘-'_3“““11'3 enatdng him I:f:-\'.urk fior El;.-'l-'lL.TdJ. veirs m new media design
Flux, Latitude, Longitude. Radiation ! Joule: a siandard wnit of energy breakthroughs in his field. When Takmeng decided he before supporting MASA's mussions.
Lesson Links: \ I Watt = I Joule / sec wanted (o become a scicntist, he took a special academic
- Anmmation of Earth Net Radiative Flux as Obscrved by the CERES Instrument — path that lead hm_-' to his job at NASA loday. He went to Tim's job &5 valuable 1o the CERES team because he helps
hitp://mynasadata larc nasa.gov/images/mnet avi : ‘3'3“':‘-%'-'3 and ?[“dl'm '“'31'3"_3"1'3'“:_'-5'-.‘- and continwed on o convey the CERES musssom and the scientific daia collected
+ hitp://mynasadata lare nasa gov/images/Seasonal_Net 01.JPG  (Dec 2003) tet his Ph.Db in atmospheric sciences. from it in a visual way that effectively communicatcs this
» hitp://mynasadata larc nasa. gov/images/Seasonal_Net 02.JPG  (March 2(04) National Science Education Standards - hitpz//www.nap.eduhtmlnses/ U imepect naters to soc how it is working. and find e e e T S T
+ hitp-//mynasadata larc nasa goviimages/Seasonal_Net 03 JPG (June 2004) Content Standard [ Earth and Space Science: Energy in the carth system ]ﬂttcmslﬁ will hel 1.11 of society - % consist of science wrilers and a Web PROGTRIITET S0 !i"-'“
Background: Content Standard F: Scicnce in Personal and Social Perspectives: Science and technology in local, I i : logether. they can provide the necessary pieces that go inlo
The net amount of energy received by different paris of the Earth at different times of vear defermines the national, and global challenges communicating scence o the public.

Ivpe of weather and climate they will experience. The nel radiative flux shows the combined effect of the Sun's
location and the conditions in the Earth system. The two primary compoenents of the Earth system that affect the
net radiative Mux are: 1) the bvpe of surface and 2) clouds. This lesson will allow students to explore these vanations.
Procedure:
I. Open the image of Monthly Top-of-Atmosphere All-skyv Met Flux for December 20013 (see Links section)
Drizcuzs whether the patierns vou observe are consistent with vour prior knowledge aboul seazons and Earth’s
tilt. Based on this, write down a prediction of how the pattern would be different in March.
2. Open the image of Monthly Top-of-Atmesphere All-sky Net Flux for March 2004 {see Links section) Does the

National Council of Teachers of Mathematics Standards (grades 9-12) = hiip2Ystandardsnetm.org!
Mumber and Operations: Understand numbers, wavs of representing numbers. ..

Measurcment: Understand measurable attributes of objects and the units, svstcms, ...

Data Analyvsis and Probabihitv: Develop and cvaluate inferences and predictions |

Connections: Recognize and apply mathematics in contexts owtside of mathematics

Representation: Use representations to model and inferpret physical. .
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As o computer scienbist, Vertlew
spends her time consulting with
CERES supervisors, svsigms

Standards

paticrn in this image [ vour prediction? IF not, revisit vour carlier discussions and write down a prediction for AAAS Benchmarks (grades 9-12) - httpzwww.project 2061.org/ publications/bsl online/ plmlmn_g ] spending Dl L hat analvsts and programmers o
the patiern n Jung The Physical Setiing - Weather snd Climaice was ‘1':[“‘:]]]? spent. When El’?“'m R 'f"lu' new pather miormatiom about how amd where they use the
3. Open the image of Monthly Top-of-Atmosphere All-sky MNet Flux for June 2004, (see Links section) Does this Transfer of thermal encrgy between the atmosphere and the land or .. 4B/H2 rescarch ideas, Slacey ereates “what-il” scenanos Lo see instrument’s data, Cnee she understands their needs, she
patterm agree with your prediction? Greenhouse gases in the atmosphere... 4B/H4 il CERES can alford those proposed ideas. Providing develops and runs codes for software io make sure the
4. Open the animation of Earth's nef radiative flux (see Links section) as observed by the CERES mstrument Climatic condifions result from ... 4B/H3 the _ﬁ“mlm constrainis of a pmJEFt alln_w_s_ _th': data product is high quality and meets evervone's noeds.
during March 2(M10 through Feb 2001. The file 15 a Windows Media clip. Observe the seasonal shifis in the net The earth's climates have changed in the past, are cumrently changing, and are expected to change parhicipants 1o mﬂ]'_m the most of their p':'mhlmm_" Vertlev's job s especially mmportant o CERES team
encrgy received by the Eanth, Does the annual cycle agree with vour previous understanding and predictions? in the future. .. 4B/H6 Stacey has worked in finance for over 20 years, and it members because this is the final step that ensures thit
Questions: all began after she graduated from college with a degree people will be able sce and use the valuable data.
|. Looking back at the images for December, March and June, write down two locations where vou think the surface has a Climate Literacy Framework Principles - http:/climateliteracynow,org/ in accounting. Stacey gol 2 head start with 2 summer
noticeable impact on the pattem of net radiative flux, and two locations where vou think clouds have o noticeable impact. Principle 3: The Sun 15 the primany source of energy for the climate svstem. mtcm.sl'np, and has worked for govermment contractors Vertlev has a bachelor of science in business and staried
2. Open the images for Clear-sky MNet Flux (Mote - these images are created by taking only the satellite observations Principle 4: Earth’s weather and climate svstems arc the result of complex interactions. Sli il work al MASA as an administrative assistanl. As her
during the month when an area is clowd-free. White areas denote areas of persistent clond cover where no Principle 6: Evidence indicates human activities re impacting the climate . _ ; o knowledge, skills and abilities grew, she was able to
clear-sky information could be obtained ). Compare these images to the All-skyv images and. for the Tour locations Twork with a fantastic gronp of individuals who have become a computer scicntist. Every day, Vertley uses
vou selected in gquestion 1. discuss whether vour prediction was comrect. Support vour anzumients by comparing the ane SLE'E“lBT %MI ]I'l__ﬂ:ll:l'ld— ol mﬂh"" the world a better her problem solving skills to make sure software 15
patterns in the All-sky versus Clear-sky image. , . - : - . _ place,” says Stacey _”1": ETHH_["S group pr':f'd”':':s daia running smoothly and that scientists and the public have
You can find more information, resources, and activities on this concept at; that serves a workdwide scientific community. We all the date they need.
For the complete lesson go 1o - http://science-edularc.nasa.govienergy budget work hand-in-hand to produce the most accurate and
uselul data possible.

hittp: iy nasadata. lare naza gov/preview lesson . php &passid=44
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