Measuring ultraviolet radiation and studying its effects on agriculture, human health, and climate
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UVB is composed of invisible light that has a
shorter wavelength than the light we can see. The
illustration at right shows where UVB lies in
relation to the visible light from the Sun.

radiation reaching Earth. UVB burns skin and is a major cause of skin

cancers, cataracts, and immune-system damage to humans and animals.

It can cause mutations and permanently harm plants, forests, and entire
ecosystems. Materials used in daily living, such as plastics and paints,
also deteriorate from exposure to UVB radiation.

At the root of ozone depletion are emissions from chloro-fluorocarbons
(CFCs) used in refrigerators and air conditioners, as well as the agricul-
tural fumigant methyl bromide. Even though recent legislation has
helped reduce these pollutants, additional factors, such as global
warming, are slowing down the rate of ozone recovery. Scientists now
predict it will take 50 years or more to repair the ozone layer, if every
nation does its part to stop releasing CFCs into the atmosphere.

As members of a global society we need to work together to address
problems that affect the health of all living organisms on Earth. Taking
steps now to replenish the ozone layer will help ensure the health of
present and future generations. To protect humanity and the food, fiber,
and water supplies that sustain us, we must act now to ameliorate the
effects of too much UVB.

Wavelength — Nanometers

Ozone: Primarily located in the
atmosphere 10 miles above the
Earth, this trace gas filters out
most of the Sun’s burning ultra-
violet radiation.

Ozone depletion: The effects of
CFCs, bromine compounds, and
other chemical pollutants that
cause depletion of the ozone
layer.

UVB: That portion of the light
spectrum that is capable of dam-
aging biological organisms.
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WHAT THE USDA UVB
MONITORING AND RESEARCH
PROGRAM DOES

When the USDA established the UVB Monitoring and Research
Program at Colorado State University in 1992, its intent was multifold:
we were to develop the instrumentation, infrastructures, and networks
that would allow us to provide accurate and comprehensive high-
quality UVB measurements. These measurements were then to be used
to develop seasonal and geographical baselines for ultraviolet radiation
and to support biological and atmospheric science research.

Because we are a USDA program, our foremost goal has always been to
generate UVB radiation measurements that can be used to ensure the The USDA UVB Monitoring and Research Program
vitality of U.S. agriculture and livestock, which support our nation both is working closely with the NASA TOMS group to
nutritionally and economically. More than that, with the instruments develop the first U.S. UV climatology.

we've developed and the collaborations we've established, we are able
to extend our data beyond agriculture and into the realms of human
and environmental protection. In partnership with NASA, for
example, we are working to develop the first United States
UVB climatology. Such climatologies are needed to establish
baselines for agricultural experiments and human health and
materials protection studies.

We are also involved in ongoing, long-term research collabora-
tions to study the effects of UVB on some of our nation’s most
economically important crops - namely, cotton, soybeans, corn,
wheat, rice, sorghum, and grasslands. Additionally, we provide
information to others who are doing UVB impact studies.

In a broader sense, we support research that increases our
understanding of the factors that govern UVB radiation, and we
provide the data needed to assess how UVB impacts plants,
ecosystems, people, and materials. Scientists and the public rely on
us for the most accurate and easily accessible UVB measurements
available. Our instruments, network, and web site make this possible.



‘dAn

JO s129330 A3 uo Yoreasar dudydsourye pue [edrdojorq 1oddns 03 papaau
ejep jo wypeaiq pue Ayenb ayy Surpiaoid axe am ‘s[oo} asays Yim
‘gAN Sunoayge 10308 0y103ds B SIZLIRIIRIED YPIYM JO UDBD ‘SIajaLouEU
89€ PUe ‘€66 ‘GZ€ ‘1€ “TIE ‘S0€ ‘00€ ¥ UOHRIpL1 9SNIp pue 4oa11p
130} AINSLAUI SJUSUNISUI PAOUBADPE IN() SPI0DI jueriodurr asayy

JO UOHENUIUOD © UTEJUTEU SJUSUISINSLaWl pueqpeoIq mQ) sogel

0} 3Pkq 9}LP SJUSWAINSLAW PUBPLOI] “UOHEIPLI JA[0IARHN SuLmseau
SI9UI A[] PUBPROIq SARY [[TIS I "GA[) SINSLIW Jey} SJUSWNISUT
19Y30 0} 10113dNS 1L 3SN MOU M SID}UWIOIPLI PUR(-MOpPRYS Y],

"$10J0BJ paje[al pue gAnN
JO SjuswRMSeaw dAISUSYRIdI0D pue ‘aqeraI ‘apeindde apiaoid pnom
JEU} UOHRJUSLINIISUI J1e-d1}-JO-a3e}s dO[2A3p 0 Sem 3Se) JSI 10 “PAys][
-qe3so sem werdo1y Yo1easay pue SULIoyuoy gAN VASN A DUQ

-a1aydsourje ay ySnoxyy uorssTusuer} sy uroagye

$10J08] 9} PUe gA[) dINSLAU A[SNOSULINUIS O} S[GBUN 1M SJUdUI
-nnsur unsixe ‘s1eak Auewr 10§ pamseaw usaq pey gAN UM ‘gAN
Jo spaj5 3y 03 Surpuodsar pue Surpuejsopun 03 dals 81 [EIUISSI
UB SeM SJUSUIINSEAUI A (] 3}eIndde Surureye jely padpajmowyoe
A3y ‘SN Y3 JO 389D A} Je PAURAUOD AJUNUILIOD SJ3)Jd Pue
‘Surfepowr “JuaWRINSEIW gA N Y3 Ul spradxa uaym ‘7661 PUe 0661 uI

NOILVINYOANI HSIODHYU
ATHIA SINHIWNNILSNI
LIV HHL-40-HLVLS

‘SIgjawioueu

066-087 jo @3uer [expads gA AL} ur uonerpes
JO[OIABI[N JINSEAW SIDBW A (] PuLqpeolq inQ

“pueqssed paaj[ly yoea je uoneIper

ASIYJIP PUB ‘[EULIOU JD3ITP ‘[BJUOZII0Y [E]0)

JO JUBLUAINSEIW SNOAUEI[NUIIS-TEAU SUTWLIIRP
OIYM “pueg-MmOpeYSs Surejol dewone ‘PI[[01uod
-19pndwod © asn S19)WOoIpeI pued-Mmopeys mQ




MEASURING GEOGRAPHIC
DISTRIBUTION OF UVB

Jur program is part of the first nationwide attempt to monitor
ultraviolet radiation levels and the factors affecting UV transmission
through a network of computerized, remotely driven radiation
Sensors.

Located at 28 sites across the United States, including Alaska and
Hawaii, and two sites in Canada, our instruments are spaced in a grid
to allow coverage of the entire United States. Through this network,
we can provide comparable, standardized measurements of ground
UVB radiation. We purposefully located most of our sites in areas
where agricultural research is being done.

Every 20 seconds, we take radiation readings via unmanned instru-
ments that are connected to a dedicated phone line. That data is
collected and synthesized each night, and by the next morning, the
calibrated data have been posted on our web page. In addition to
helping agricultural researchers and other scientists in related fields, our
web site and research results are used in schools, seminars, and press
releases to educate students, teachers, and the public about UVB and its
effects.

GUARANTEEING ACCURACY

Although we use the most sophisticated UVB-measurement instru-
ments available, we must regularly calibrate them to ensure their
accuracy. To this end, we support a facility at Boulder, Colorado’s,
National Oceanic and Atmospheric Administration (NOAA) laboratories
where our instruments are accurately calibrated. This facility has been
recognized as the premier UV calibration facility by the World Meteoro-
logical Organization and is in direct contact with the National Institute
of Standards and Technology, which oversees the accuracy of all proce-
dures.

In addition, our shadow-bands use the Sun itself to calibrate the instru-
ments automatically in the field, so their accuracy can be determined on
location to supplement the costly and time-consuming laboratory
calibrations.
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Every 20 seconds, remotely driven shadow-band
radiometers at 28 U.S. rural sites and 2 Canadian
sites take readings of ultraviolet radiation reaching
the ground. These uniform, standardized UVB
measurements are then posted to our web site the
next day.

Our state-of-the-art Central UV Calibration Facility
in Boulder, Colorado, allows the most accurate
characterizations of our instruments’ stability and
calibrations.
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difference in degrees between directly overhead and the
Sun’s actual position.

Where you are has a large effect on the UVB radiation you
may receive for a given exposure time. If you're in Las
Cruces, New Mexico, on June 21, for example, at 32.6° north
latitude, on a clear day with an ozone level of 300 DU, you

SOLAR ZENITH ANGLE - SZA

SZA=0 °

L

—

Stratospheﬂrj{cOzb“ri'e Layer
N\$z4=60°

v A‘ Troposphere

Radiometer - measures irradiance

would receive UVB radiation 1.24 times greater than the

radiation you would receive in Seattle, Washington, at 47.7° north under
the same atmospheric conditions. At lower latitude the Sun is higher in

the sky, resulting in a shorter path length through the atmosphere.

The angle of the Sun determines the length of the
path of radiation before it reaches the Earth’s
surface.

Clouds and pollution, which scatter radiation, also have a large effect on

UVB levels at the Earth’s surface. Other factors affecting UV

amounts include the Earth’s reflective surfaces and canopies
that provide partial or complete shade from the Sun.

All these factors govern the amount of ultraviolet radiation
that actually penetrates a particular location at a particular
time, making it a challenge to measure precisely ultraviolet
radiation at the Earth’s surface.

The instruments we use in the USDA UVB Monitoring and
Research Program measure these variables and provide
important data not available elsewhere. Our shadow-band
spectrometers can separate direct radiation from diffuse
radiation and provide corresponding measurements of each.
These measurements are critical to the accuracy of studies on
the effects of UVB radiation on crops and air pollution.

The variables we retrieve from our UVB measurements are

FATE OF SOLAR RADIATION
(UVB - 290-320 nm)

Incident Radiation
4

\f:fs \;4fs

Ozone Layer
(absorption <320nm)

Incident Radiation

Stratosphere

‘ Lfa
Troposphere s 2
Air fa : fs pe= g Clouds
Pllution” Aerosols | “ T

Surface Absorption-Reflection |

; s oo s s
<o Ny B A

total ozone, and cloud and aerosol optical depth.

Spectrometers, which measure the entire UV spectrum, typically take
more than 10 minutes to complete measurements. From our seven-
channel data we can construct a continuous spectrum that simulates a
spectrometer measurement. A major advantage of our instrumentation
over all others is that the shadow-bands measure these seven channels

simultaneously.

The illustration depicts the three factors that affect
the transmission of solar radiation to the Earth’s
surface. These are absorption in the atmosphere (f,)
by ozone and air pollutants, scattering back to
space (f,) by molecules, clouds, and aerosols (haze),
and absorption by the ground (f_).
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CRITICAL RESEARCH: HOW UVB
AFFECTS AGRICULTURE

One of the greatest concerns about UVB radiation is the serious threat
it poses to agriculture and ecosystems. Increased UVB radiation affects
crops by reducing yield and quality, alteririg growth, increasing suscep-
tibility to insects and disease, and changing a plant’s genetic structure.
Left alone, these factors could seriously impact U.S. and global food and
fiber production.

Better understanding of the effects of elevated UVB on crops calls for
more complete and precise studies of how UVB affects various crops.
This knowledge will enable us to develop solutions that will allow
plants to cope with these effects and ensure crop productivity. Studies
like these, conducted in partnership with the nation’s leading UVB
agricultural researchers, are an important part of the USDA UVB
Monitoring and Research Program.

The results of this research are being used, and will continue to be used, ‘
to improve crop endurance and productivity and ensure the nutritional The focus of our research is the

and economic vitality of U.S. agriculture. nation’s most economically
important crops. Through our

studies, we are discovering how

UVB affects plant growth, devel-
opment, and yield, as well as the
economic impact of these effects.

DEVELOPING A FOCUS

The USDA is the steward of our nation’s 192 million acres of forests and
also assists 2 million farmers whose crops cover more than 9 million
acres in the U.S. Contributing to research that will optimize all the plant
life that sustains us is a major focus of the USDA UVB Monitoring and
Research Program.

As we've targeted locations for our data-collection sites, our strategy has
been to measure the UVB in those areas that produce our nation’s most
economically important crops. The plants that provide the greatest
economic benefits to the United States are cotton, soybeans, corn, wheat,
rice, sorghum, and grasslands. In addition to creating jobs and support-
ing local and regional economies, these plants are primary sources of
food, fiber, and other products for human consumption, and are also
food sources for livestock.

The data we collect daily from the 30 sites in our climatological network
support our ongoing, long-term, collaborative research on the crops
identified above. We are engaged in two types of studies: those that
determine how UVB affects plant growth, development, and yield, and
studies that evaluate the impact of these effects on economically impor-
tant crops.

11



"SUOT}IPUO0d
Apnop Apred 105 [Spow  31LAID PINOD IM “YDILIS3T [BUOLIPPE YIIM
*SUOT}IPUOD JSEDIIA0 PUR IEJ[D J0J A[CR[IEAL 1L [9POUI U} UI 38N I0f SUOH
-nquysip aduerper Ayg ‘sardoued aAne}a3aA MO[aq pue Ul JJI] J9YI0 pue
ardoad Sunyoear gA N Jo SJUNOWE SUTUIEXS 0} PIsn 3¢ OS[e Ued [pout
sy, “prosdif[o ue se paqrsap aq ued adeys UMOID [enpIAIPUT 3y} aIaym
amjonys pue uonisoduwod Adoued pue suonIpuod ANs [enTur UsAI3 ‘seare
ueqIn U 89913 pue ‘spreyoio ‘sdom remymoride Jurpnpur ‘sardoued
pas1adsip MO[aq S[PAJ] JA[] SSISSE 0} Pash aq MOU Ued [SPOW SIY,

‘Kdoued

uorge3adan uado ue mofaq 10 uryitm uoredoy Aue je Adoued e y3nomy
Suissed uonerpeI gAN Jo JUNOWe 3y} SALMO[ED YDIYM ‘[DPOW Jajsuel],
uonerpey AN (-¢ © ‘003 papasu-yonu sy} Surdofaaap ut pajnsal
UPIR3SAI IN() “[PPOU (-¢ B sa1mbar SUonIpu0d AYS JuaIajjIp Iopun

pue sardoued juefd snotIeA U Ssaxs gA () JO JUNOIe a3 ajen[eAs of,

‘s3urpmq pue saa1j Jo syuwuerre (q-¢)

[eUOISUSWIP-221y} X3[dWOD JO JSISUOD SJUSUILIOIIAUS UqI[) "U0HL}a334A JO
$MOI URaMm}aq sadeds apim aaey sdox mor ajarduroout seazaym ‘Sumon
usamjaq sduruado renyeu adrey aaey uayjo sardoued a1, “sardoued
aAT}L}239A JUSISJJIP YIIM SITIRA UOTJRIPEI gA () JO UOHMALLSIP Y],

‘uone3afan Aq peouanyyur se sadeyms aanisuss Afrenusjod uo uon

-erper g A Jo junouue aiy Jrpaid o) PO [edATeUE UR 3jen[eAd pue
dopasp 03 sem (203 M) *1AIAG 15210 V(S A3 38 JI[SIPH UOpIoD)

1] pue AJISISATUN anpin je Juels) preydry I ‘sioupred yoressar

mo yyim pajerdwod am Apnjs e ur ramsue 03 1y3nos am uonsanb sy sem
1oL ¢gAN 03 asuodsar s jued e 1a)[e sardoued aaTye}adaA Op MOy Jng

"UOTJRIPRI gA[] PISLAIUT WOIj d3eep 03 a[qu

-daosns are paysay samads Juerd ¢ SWOS JO SPIIYF-0Mm] JNO]E JeL) MOUY
op ap "sawads awes ayy uryiim sjuerd Suoure Ajjeaid Area ued gAn

0y asuodsaz au yeyy 1oej ayy st Surjzznd A[renby uonerper jejoraeM

JO S3sOp 1o3ea1s UaAd 10 dures ayy Aq pajoajye jou Apustedde are s1ayjo
pue gAnN Jo s[Ad] Jussard o) aAnIsuas are spre[d auos Jey) aTeme a1,

SHIIONVD MOTHdd F4IT NO SLOHddH dAN

591815
pajup) Ay jo seare juasagIp ur sdom juepodur AJ[edruouods uo s)oag
gAN Suihpnys are oym S)SUSIDS pue ‘sarUSFe ‘SIISIDATUN A0 UM
9]LI0qE[[03 OS[e 3| “SUOKIPUOD JURIAJIP Jopun Juimord syuejd JuLIayIp
UO $}09JJ2 GA[) SSIEN[BAS UI PIAJOAUT 31,9M KJALIE [21easal ydey

‘aprmuoneu sjuefd uo gA( Jo s1oajje Ay Surdpnys ospe axe
OUM SISUDILasal JaYjo 0} uoreuriojur jueprodur Surysumy Aq oymny
UaAd Spua)xe apiaoxd am eyep Ajrenb-ySiy ‘a[esIaa ayj jo anfea ayJ,

<l

‘saidoued

uone}edan 1ayjo pue 291

MO[3( pue ul uonelpes gAN Jo
junowle ay) sa)e|nd[ed Jey) [apow
d-€ |njosn e padojaAap oA am
UDJeasal aAlzeI0qe]|0D y3nouy |




OTHER RESEARCH ACTIVITIES

The USDA UVB Monitoring and Research Program is
involved in numerous agricultural collaborations and
research activities, that have widespread applications.
Here are highlights of some of the research now in
progress:

Cotton is one of the most versatile of all crops grown in
the United States. It provides not only fiber for this
country’s population, but jobs as well. The cotton™’
industry creates more than 450,000 jobs on farms and in
mills, stores, warehouses, and other types of businesses
nationwide. In Mississippi alone, cotton-related endeav-
ors account for over 29,000 jobs and generate more than
$800 million in revenue each year.

) i ) Computer-controlled environmental chambers,
We are presently working with the research group of Dr. K. Raja Reddy known as the Soil-Plant-Atmosphere-Research

in the Department of Plant and Soil Sciences at Mississippi State Univer- facility, at Mississippi State University are used to

sity to study the effects of enhanced UVB on cotton growth, develop- study the effects of muliple environmental factors,
. . . including UVB radiation, on crops.

ment, and yield. We are testing the hypothesis that elevated UVB

radiation will modify the response of transpiration, respiration, carbon

acquisition, development, and reproduction and yield of cotton.

Our long-term goal is to better understand the interactive effects of
environmental stress factors, including UVB radiation, on cotton. One
outcome of this research will be the development of a computer model
of UVB radiation effects on cotton physiology and
growth. Our intent is to incorporate this model into the
existing cotton simulation model to predict cotton
responses to future climate change, including UVB
radiation ~ information that can be used for impact
assessment and analysis, as well as policy decisions.

Scientists and farmers will be able to use this research to
improve the cotton industry as a whole, in terms of both
productivity and economic return.

In our studies with Dr. Richard Grant’s research group in
the Agronomy Department at Purdue University, we are
evaluating the risk of soybeans to enhanced UVB. We
expect these research results, combined with USDA UVB
Monitoring and Research Program measurements, will
enable us to provide potential UVB impact maps for
various cultivars across the soybean growing region. Below-canopy UV radiation sensors in a cornfield

located at Purdue University’s Agronomy Research
Center.

Another research project we are engaged in with the same Purdue
research group is evaluating the influence of leaf waxes on the optical
properties of sorghum. This study will further our understanding about
leaf characteristics that reflect UVB. Knowing precisely how these

13
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DEVELOPING SOLUTIONS

The USDA UVB Monitoring and Research Program is engaged in
collaborative research across the nation to provide important informa-
tion and models that will heighten our understanding of the effects of
ultraviolet radiation on Earth and strengthen agriculture in the United
States and, ultimately, worldwide.

Current research is already providing invaluable information that
benefits agriculture and humankind. Potential impacts of ongoing and
future research are profound. Working with remote-sensing specialists
who use airplanes and satellites to measure radiation from crops and
determine the health of particular parts of fields, eventually we can
apply our data to provide accurate and definitive information for
precision agriculture. Farmers using this information will be able to
determine precise quantities of seed, fertilizer, water, nutrients, and
pesticide needed to optimize their crop yield.

Other research and information generated by the USDA UVB Monitor-
ing and Research Program will be critical to a more comprehensive
understanding of the effects of UVB not only on agriculture and climate,
but also on human health and the health of forests, ecosystems, and
aquatic systems.

With this information, we will be able to develop solutions to prevent or
counter the harmful effects of UVB. Through new methods of plant
breeding and genetic engineering, for example, we may soon be able to
develop UV-resistant plant strains, thus ensuring the future health of
those crops we depend on for food, jobs, clothing, and other products.

The measurement and research activity of the USDA UVB Monitoring
and Research Program is ongoing and continually expanding. It is
vitally important to the health of our nation.

The research results and informa-
tion generated by the USDA UVB
Monitoring and Research Pro-
gram will help scientists develop
ways to prevent or counter the
harmful effects of UVB.
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WHAT CANIT1DO?

Ozone depletion and increasing ultraviolet radiation are serious global
problems requiring the understanding and action of the world’s citizens.
Here are some ways that you can help.

As an individual, you can:

1. Avoid the use of products that emit CFCs, which deplete ozone. If
you have an old car or air conditioner, consider retrofitting it so it can
use CFC substitutes.

2. Learn about the effects of UVB radiation, and lifestyle changes you
can make to protect yourself from overexposure. Share that informa-
tion with others.

3. Write to your Congressional representatives, and ask them to support
programs that study the effects of UVB radiation and contribute to
solutions.

4. Support the worldwide phase-out of CFCs and methyl bromide.

As a teacher, you can:

1. Educate your students about the relationship between ozone,
harmful chemical emissions, and ultraviolet radiation — and the
effects of UVB on living organisms.

2. Have your class write a letter to your Congressional representatives
to encourage continued support of programs that study the effects of
UVB radiation and contribute to solutions.

As a legislator, you can:

1. Familiarize yourself with the USDA UVB Monitoring and Research
Program and its collaborations with NASA, NOAA, and researchers
studying the effects of UVB on U.S. agriculture.

2. Lobby for continued support of the USDA UVB Monitoring and
Research Program.

You can learn more about ultraviolet radiation and the USDA UVB
Monitoring and Research Program by visiting our web site:
http://uvb.nrel.colostate.edu/UVB

The web site includes:

* Program description and objectives o Intercomparisons

* Our climatological network * Personnel

* Research activities * Related publications

‘":l

For further information, contact:

Dr. James R. Slusser

USDA UVB Monitoring and
Research Program

Natural Resource Ecology
Laboratory

Colorado State University

Fort Collins, CO 80523-1499

Phone: (970) 491-3623

E-mail:

sluss@uvb.nrel.colostate.edu
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