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OUTDOOR FESTIVAL LICENSE
GENERAL PROCEDURES

Definition:  "Outdoor festival" means an assembly of 1,000 or more persons on any 1 day of the event gathered

together for any purpose, at any location, other than a permanent building or permanent installation that has
been constructed for and will accommodate the number of persons gathered therein

APPLICATION. Complete the form in ink. This application is for events with attendance over 1,000 persons
(spectators and participants) on any one day of the event. There is a $1,000.00 nonrefundable application fee.
Applications will be returned if the application fee is not included. Three paper copies of the application plus an
electronic pdf file (memory stick or DVD) of the application must be turned in at least 90 days before the event. The
application must include all required forms.

APPLICATION DEADLINE. All applications must be submitted at least 90 days in advance of the event.

LICENSING REQUIREMENTS. An outdoor festival license is required on any public or private lands in the
unincorporated area of Washoe County except for lands managed by the Washoe County Regional Parks and Open
Space; and, state, trust, tribal, and federal lands. All events must meet land use/regulatory zone requirements before
the license will be issued. For information on land use/regulatory zone requirements, call (775) 328-6100 with the
parcel number(s) of the event.

BONDS. The outdoor festival license will not be issued until the applicant has agreed to hold harmless, and has
submitted evidence of sufficient insurance to indemnity, the County of Washoe, and their employees, agents and
contractors for any and all liability for damages, injury, loss or expense caused or occasioned by reason of an act, or
failure to act on the part of the applicant, the sponsoring organization, their agents and employees throughout the
event. Additional bonds or letters of credit may be required.

FEES. The license fee for an outdoor festival is $350.00 per day plus any booth fees if applicable. If the event is a
carnival, circus or tent show the daily license fee is $300, to a maximum amount of $4,200, plus booth fees if
applicable.

BOOTH FEES

1-4 booths $25 50-59 booths $ 30

5-9 booths $ 50 60-69 booths $ 350

10-19 booths $ 100 70-79 booths $ 400

20-29 booths $ 150 80-89 booths $ 45

30-39 booths $ 200 90-100 booths $ 500

40-49 booths $ 250 More than 100 booths $ 500 plus $5 for each

booth in excess of 100

INVESTIGATION. The Sheriff's Office shall conduct a criminal history inquiry of the applicants (to include partners
and corporate officers). Fingerprint impressions may be taken and submitted to the Nevada Central Repository for
criminal history records and the Federal Bureau of Investigation. Fingerprint impressions will be taken after the
application is turned in and deemed complete. A local police records check may be substituted for the criminal history
inquiry for applicants with prior approved outdoor festival license(s) for the same type of event.

CONDITIONS. All pre-event conditions imposed by the Washoe County Board of County Commissioners (BCC) for
the outdoor festival license must be met before the license will be issued.

APPROVALS AND AGENCY SIGN-OFFS. The application will be reviewed by the appropriate agencies, to include
Building and Safety, the District Attorney’s Office, Engineering, Health District, fire agency, the Sheriff's Office, and
other agencies as appropriate. The application will be approved by the BCC at a public hearing.

ISSUANCE OF LICENSE. The outdoor festival license will be issued after all fees have been paid and all required
pre-event conditions are met. The outdoor festival license must be displayed prominently at the event and must be
available for inspection. This license is valid only for the event authorized and not for any other event.
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Date: 07/23/2018

CashierID: ORODRIGUEZ
Payee:

Business License
Phone: (775)328-3733

RECE!IPT OF PAYMENT

Application Type:
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Washoe County

Community Services Department
P.O. Box 11130

Reno, Nevada 89520-0027

Receipt # 602733

Temporary Permit

LicensePermit #

Invoice # Description/Address Amount
W-000053-T-APP-2018 436621 The Lantern Fest
12005 INTERSTATE 80 E, WASHOE COUNTY, NV
89434
Outdoor Festival Application Fee $1,000.00
WASHOE Total $1,000.00
Total Amount $1,000.00
Date Method Reference # Confirm No. / Invoice # Amount Paid
7/23/18 Credit Card 436621 $1,000.00
Payment Total $1,000.00

BALANCE DUE
$700.00

THANK YOU FOR YOUR BUSINESS

1001 East Ninth Street, Reno, Nevada 89512

www.washoecounty.us
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OUTDOOR FESTIVAL LICENSE

Materials required for submittal

Fees — check(s) made payable to “Washoe County”
Application fee

$1,000 non-refundable application fee
Daily fee(s)

$350 daily fee plus appropriate booth fees

Carnival, circus or tent show fees
$100 daily fee (maximum of $1,400) plus appropriate booth fees

Three packets plus an electronic pdf file (memory stick or DVD). Each packet shall include the
completed application and event plan. The event plan must include:

‘/ Site plan showing the arrangement of all facilities; including ingress, egress, parking
and camping; and,

Detailed explanations for;

Security and fire protection

Water supply and facilities

Sanitation facilities

Medical facilities and services

Vehicle parking

Vehicle access and on-site traffic control
Communication system

4

llluminating the premises (if applicable)

NN NN

Camping (if applicable)

<

Cleanup and rubbish removal plan and cost estimates to return the event site to its pre-
event condition

Certified copies of articles of incorporation filed in Nevada (if applicable)

Copy of partnership papers (if applicable)

R

Insurer Information and copy of insurance policy specific to event (copy must be furnished prior
to the issuance of the license), History of similar events, and Vendor list

— Vendors
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Submission Materials (continued)
Property ownership affidavit and permission to conduct event signed by each property owner(s)
and notarized (separate form for each property owner)
Statement of Assets
Statement of Liabilities
Personal history of all applicants (to include corporate officers and partners)

Names and addresses of any person contributing, investing or having an expected financial
interest greater than $500 in producing the event

Names and addresses of any person expected to provide, for consideration, services or
activities ancillary to or in conjunction with the event

Release of claims and authorization to release information signed by each applicant (to include
corporate officers and partners) and notarized

Insurance, Hold Harmless & Indemnification Requirements signed by applicant

R FRKK

Waiver and Consent to Extend Mandated Public Hearing Date signed by applicant
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OUTDOOR FESTIVAL LICENSE APPLICATION
(Requires a non-refundable $1,000 application fee)
o 6/5/2018
Application date:
Applicant Information
Applicant's name: Happy Fun Events LLC
Mailing address: 2764 W479 N Provo ut 84601
Street or PO Box City State Zip code

All applicants, to include corporate officers or partners must complete a personal history form

Is the applicant a(n): va ) Corporation a Partnership O Individual

If a corporation or a partnership, list corporate officers or partners:
Name Address Title
Martha Hunn 207 S Sequoia Circle Alpine, UT 84004 Director

Event Information
The Lantern Fest

10/13/18 to 10/14/18

Name of Event:
Date(s) of Event:
Location of Event. Wild West Motorsports

Hours of operation; 19:00 to 22:00

12005 East I-80, Sparks, NV 89434

Assessor Parcel Number(s): Parcel # 084-060-13

The Lantern Fest is a family friendly out door concert and festival that culminates in a 20 minute sky lantern

Description of Event:
launch. For further description please see appendix A.

Name of the designated event representative who will be on-site during the event and who has authority to bind the

applicant: Eric Brooks

Will an admission fee be charged for your event? @I Yes 3 No

If yes, amount and type of fee(s): $50/Adult $10/Child

When will fee be collected? ) Pre-sales (7 At entrance

Approximate number of participants and other persons: 5,000 to 9,000
Same as above.

Approximate number of customers and spectators:

Approximate maximum number of persons on any one day of the event: 9,000

Will food and/or beverages be served? & Yes O No
(all food and beverage vendors must have the appropriate Washoe County Health District permits)

Will alcoholic beverages be served? @ Yes O No
(all intoxicating liquor vendors must be individually licensed with Washoe County Business License)

Will there be live music? ) Yes J No
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OUTDOOR FESTIVAL LICENSE
INSURER INFORMATION

(see Insurance, Hold Harmless & Indemnification Requirements)

Western State Insurance Company See appendix

Name of Insurer: Policy number: K

Attach copy of insurance policy specific to event (must be furnished prior to the issuance of the license)

Address of Insurer: 87 East Center Street Spanish Fork uT 84660

Street City State Zip code

Limits of liability: 6,000,000/Occurence 6,000,000/Aggregate

HISTORY OF SIMILAR EVENTS

(attach additional sheets if needed)

Describe the history of all similar events conducted, operated or promoted by the applicant. Include, at a minimum, event
names, types, dates, locations, permits or licenses issued.

We have done this exact even over 150 times, in at least 30 different locations, in the last three year. We have a global footprint and have

done quite a few events in the intermountain west. The following are three venues that have hosted events similiar in

size to the event at WildWest Motorsports Park.

-Grantsville, UT. Two events a year since 2015. Mayor Brent Marshall. Phone: (435) 884-3411. Special Event Permit.

-Long Pond, PA. Two events a year since 2015. Nick Igdalsky. 570-646-2300. Special Event Permit.
-Post Falls, ID. One event a year since 2014. Dean Boever. 208-773-0100. Special Events Permit.

VENDOR LIST
(attach additional sheets if needed)
Name of Vendor Type of product
N/A N/A
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OUTDOOR FESTIVAL LICENSE

AFFIDAVIT OF PROPERTY OWNERSHIP
and/or PERMISSION TO CONDUCT EVENT

STATE OF NEVADA )
) ss:
COUNTY OF WASHOE )

l, being duly sworn, depose, and say that
I am an owner* of property involved in this outdoor festival and | do hereby:

(check appropriate box)

a Affirm that | am an applicant for the below named proposed outdoor festival and also own the
property or properties on which the event will be conducted

OR
a Affirm that | give permission to the applicants for the below named proposed outdoor festival to

conduct the event on the following property or properties which | own:

Assessor Parcel Number(s):

Proposed Outdoor Festival:

Signed

Subscribed and sworn to before me this day of , 20

Notary Public in and for said county and state

My commission expires:

*Owner refers to the following. Please mark the appropriate box.

OWNER/JOINT OWNER

CORPORATE OFFICER/PARTNER

POWER OF ATTORNEY (Provide copy of Power of Attorney)

AGENT (Notarized letter from property owner giving legal authority to agent)
LETTER FROM GOVERNMENT AGENCY WITH STEWARDSHIP

aaaag

Outdoor Festival Application page 7 December 2016



Attachment E

Page 9
OUTDOOR FESTIVAL LICENSE
STATEMENT OF ASSETS
As of June 5 , 20 18
(Describe fully and indicate assets pledged)
(If additional space is required, attached supporting pages or documents
Current Assets .00
Cash on hand $
Cash in safe deposit box $ -00
Location of Bo
Cash in Wells Fargo 1095 E 2100 S, Salt Lake City, UT 84106 I X $ 1 23’00000
Name, Bank and Branch 00
Cashin NA $
Name, Bank and Branch
Accounts and notes receivable (describe nature of receivable and when due)
Registration. Due by May 14, 2018 $ 435’000
$
Other current assets
N/A $
$
Investments
Stocks, Bonds, etc (Market value) (If close held corporation, furnish current balance sheet)
N/A $
$
$
Investments, other than stocks and bonds
N/A $
$
$
Fixed assets
Real estate (Give location, description and fair value of each parcel)
N/A $
$
$
Other assets
Automobiles and other personal property
Hard assets associated with the event. Vehicles etc. $ 75’000
$
$
633,000.00
TOtAl ASSELS ....ooeiiiieii ettt et e b e e e e e be e e bae e aareearean $
Spencer Humiston 6/5/18
Print Name Sign#re UVW Date
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OUTDOOR FESTIVAL LICENSE
STATEMENT OF LIABILITIES
As of 6/5/18
(Describe fully, indicate secured liabilities)
(If additional space is required, attached supporting pages or documents
Current liabilities
Notes payable $
Name, Bank and Branch
Due How secured
Notes payable $ 0
Name, Bank and Branch
Due How secured
Notes payable $ 0
Name, Bank and Branch
Due How secured
Notes payable $
Name, Bank and Branch
Due How secured
Other notes payable (indicate name, address and how secured)
g O
$O
FaXelolo 1Nl a e T oF= ) Vz= | o1 (= SRR $ 0
Liability for Federal Income Tax (delinQUEeNT).........coocuiviiiiiiie i $0
Provision for current year's Federal INCOME TaX ......c..coiiiiiiiiiiiiiieiiiee e $°
Provisions for other currenttaxes ... $°
Liability for other delinqQUent taXes..........oouiiii i $0
Mortgages payable (List each mortgage separately, how secured, and monthly payments due thereon)
$
$ 0
Other liabilities
$
$O
$ 0
TOLAI LIADIIHES «.cvuveveesreessesscsssssssseesssesssesssssesssessssssssssssesessssssssesasesssssssssesssesasssensessssssasesasesssssnsans $_°
Contingent liabilities (describe)
Spencer Humiston %Q’Vl% 6/5/18
Print Name $4’gnature i Date
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OUTDOOR FESTIVAL LICENSE
CONTRIBUTORS OR INVESTORS LIST

(List the names and addresses of any person contributing, investing or
having an expected financial interest greater than $500 in producing the event)
(attach additional sheets if needed)

Name Address
N/A N/A

ANCILLARY SERVICES OR ACTIVITIES LIST

(List the names and addresses of any person expected to provide, for consideration,
services or activities ancillary to or in conjunction with the event)
(attach additional sheets if needed)

Name Address
N/A N/A

Outdoor Festival Application page 11 December 2016



Attachment E
Page 12

OUTDOOR FESTIVAL LICENSE
RELEASE OF CLAIMS

(complete a separate form for each applicant, to include corporate officers and partners)

The undersigned has filed with Washoe County Business License an application for outdoor festival
license. In consideration of the assurance by the Washoe County Board of County Commissioners that
no vote on said application will be taken except after a deliberate, intensive and thorough investigation of
the undersigned, including but not limited to a criminal history inquiry, associates and finances, the
undersigned does for himself, his heirs, executors, administrators, successors and assigns, hereby
release, remise and forever discharge the County of Washoe, Washoe County Board of County
Commissioners, Washoe County Sheriff's Office, and Washoe County Business License from any and all
manner of actions, causes of action, suits, debts, judgments, executions, claims, and demands
whatsoever, known or unknown, in law or equity, which the undersigned ever had, now has or may have,
or claim to have against any or all of said entities or individuals arising out of or by reason of the
processing or investigation of or other action relating to the undersigned application.

AUTHORIZATION TO RELEASE INFORMATION

As an applicant for an outdoor festival license with Washoe County Business License, | am required to
furnish information for use in determining my qualifications. In this connection, | authorize release of any
and all information of a confidential or privileged nature.

| hereby release you, your organization and others from liability or damage, which may result from
furnishing the information requested. This release will expire 180 days after the date signed.

I, the undersigned, having read this release and authorization and understanding all its terms, execute the
release and authorization voluntarily and with full knowledge of its significance.

IN WITNESS WHEREOF, | have executed this release/authorization at on the
day of , 20
Printed name of applicant Signature of applicant
Subscribed and sworn to before me this day of , 20

Notary Public in and for said county and state

My commission expires:
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OUTDOOR FESTIVAL LICENSE
INSURANCE, HOLD HARMLESS AND INDEMNIFICATION REQUIREMENTS

Pursuant to Washoe County Code section 25.303, any applicant for a Washoe County outdoor festival license
must ensure the following requirements are met to the satisfaction of the Washoe County Risk Management
Division before the outdoor business license may be issued.

INDEMNIFICATION & HOLD HARMLESS

As respects acts, errors or omissions relating to the event, APPLICANT agrees to indemnify and hold harmless
the COUNTY, its officers, agents, employees, and volunteers from and against any and all claims, demands,
defense costs, liability or consequential damages of any kind or nature arising directly or indirectly out of the event
or any activity leading up to, during, or following the event, excepting those which arise out of the sole negligence
of the COUNTY.

APPLICANT further agrees to defend the COUNTY and assume all costs, expenses and liabilities of any nature to
which the COUNTY may be subjected as a result of any claim, demand, action or cause of action arising out of
the negligent acts, errors or omissions of the APPLICANT or its agents concerning the event.

INSURANCE REQUIREMENTS

The COUNTY requires that the APPLICANT purchase General Liability Insurance as described below against
claims for injuries to persons or damages to property which may arise from or in connection with the event by the
APPLICANT, its agents, representatives, or employees. The cost of all such insurance shall be borne by the
APPLICANT.

APPLICANT shall maintain coverage and limits no less than $1,000,000 combined single limit per occurrence for
bodily injury, personal injury and property damage. If Commercial General Liability Insurance or other form with a
general aggregate limit is used, the general aggregate limit shall be increased to equal twice the required
occurrence limit, to apply separately to this event.

Any deductibles or self-insured retentions must be declared to and approved by the COUNTY Risk Management
Division prior to the event. The COUNTY reserves the right to request additional documentation, financial or
otherwise prior to giving its approval of the deductibles and self-insured retention and prior to issuing the license.
The COUNTY Risk Manager prior to the change taking effect must approve any changes to the deductibles or
self-insured retentions.

APPLICANT shall provide the COUNTY with a certificate of insurance that identifies the COUNTY, its officers,
agents, employees and volunteers as additional insured’s.

NOTE: A certificate of insurance complying with the provisions stated above is not required with the
outdoor festival license application, but must be furnished prior to the issuance of the license.

| hereby agree to the all of the provisions stated above:

The Lantern Fest 10/13/18-10/14/18 10/27/18-10/28/18
Name of Event Date(s) pf-Event
Spencer Humiston C\@Q/ﬂ%
yaVi
y v
Applicant’s name (printed) Applicant’s signature

Date:  6/5/18
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OUTDOOR FESTIVAL LICENSE
Memorandum for:

Office of the Washoe County Clerk
1001 East 9" St. Bldg A — 1°! Floor
Reno, Nevada

Subject: Waiver and Consent to Extend Mandated Public Hearing Date before the
Washoe County Commission for Outdoor Festival License Application

Nevada Revised Statutes (NRS) 244.3544 and Washoe County Code (WCC) section
25.277 require the County Clerk to set a public hearing date before the Washoe County
Board of County Commissioners for an outdoor festival license application no later than
30 days after the application is deemed complete and application fees are received.
These two regulations also require that specific County agencies review the application
and provide written reports to the Board of County Commissioners, to include
recommendations on the license and conditions if appropriate.

The mandated review by County agencies on the license application is of utmost
importance to both Washoe County and the applicant, to ensure that the festival is
conducted in a manner that protects public health, safety and welfare. To this end, the
undersigned license applicant agrees to waive the 30 day public hearing time limit
imposed by NRS 244.3544 and WCC section 25.277.

As the undersigned license applicant, | agree to extend the required Board of County
Commissioners public hearing date to occur no more than 90 days after the application
is deemed complete and application fees are received, and no less than 15 days prior to
the date when the outdoor festival is proposed to commence.

Attest:

License Applicant

6/5/18
Signature ¥/~ Date

Spencer Humiston

Printed Name

The Lantern Fest

Representing
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OUTDOOR FESTIVAL LICENSE
(Outdoor Festivals)

WASHOE COUNTY CODE CHAPTERS 25 & 110

EXTRACT FROM WASHOE COUNTY CODE CHAPTER 25

25.013 Definitions. (extract, definitions for Outdoor Festivals only)

14. "Outdoor festival" means an assembly of more than 100 and less than 1000 persons on any 1 day
of the event gathered together for any purpose, at any location, other than a permanent building or
permanent installation that has been constructed for and will accommodate the number of persons
gathered therein.

15. "Outdoor festival" means an assembly of 1,000 or more persons on any 1 day of the event gathered
together for any purpose, at any location, other than a permanent building or permanent installation that
has been constructed for and will accommodate the number of persons gathered therein.

25.263 Definitions. As used in sections 25.263 to 25.305, inclusive:

1. The terms "outdoor festival" and "outdoor festival" have the meanings ascribed to them in section
25.013.

2. “Carnival” means a traveling business providing commercial entertainment consisting of sideshows,
concessions, rides, games of chance, and other amusements. When held outdoors, a carnival is a type
of outdoor festival or outdoor festival.

3. “Circus” means a traveling business providing commercial performances by acrobats, trained
animals, clowns, jugglers, and others within a tent or arena. When held outdoors or in a tent, a circus is a
type of outdoor festival or outdoor festival.

4. “Tent show” means a traveling business providing music, lectures, or entertainment in a tent, and is a
type of outdoor festival or outdoor festival.

[§4, Ord. No. 1099; A. Ord. No. 1138]

25.265 License required for certain outdoor events. In addition to complying with the general provisions
of this chapter, a person must secure a license in accordance with sections 25.263 to 25.305, inclusive, to
operate or conduct:

1. An outdoor festival including, without limitation, an outdoor circus, carnival, or other outdoor
entertainment event for 1000 or more persons on any one (1) day of the event for which an outdoor
festival license is required pursuant to sections 110.310.15 and 110.310.20 inclusive.

2. An outdoor festival. The license is in addition to any administrative permit granted pursuant to
section 110.310.15.
[§5, Ord. No. 1099; A. Ord. Nos. 1138, 1260]

25.267 License valid for one event only. A license issued under sections 25.263 to 25.305 is valid only
for the event authorized and not for any other event.
[§6, Ord. No. 1099]

25.269 Applicability. A person must secure a license under section 25.283 to conduct or operate any
outdoor event listed in section 25.265 proposed to take place on public or private lands in the
unincorporated area of Washoe County, except for lands managed by the Washoe County Parks
Department and state, trust, tribal, and federal lands.

[§7, Ord. No. 1099]
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25.271 Unlawful acts. It is unlawful for any licensee, employee, agent or person associated with a
licensee to:

1. Unless authorized to do so by Washoe County, conduct, operate, participate in, or provide supplies
or services to an event for which a license is required under section 25.265 for which a license has not
been issued, or to continue to conduct, operate, participate in, or provide supplies or services to such an
event for which a license has been suspended or revoked.

2. Except for advance ticket sales by mail or similar means, to sell tickets or admit persons to an event
for which a license is required under section 25.265 for which a license has not been issued, or to
continue to sell tickets or admit persons to such an event for which a license has been suspended or
revoked.

3. Operate, conduct, or carry on an event for which a license is required under section 25.265 in such a
manner as to create a nuisance.

4. Allow any person on the premises of an event for which a license has been issued under section
25.283 to cause or create a disturbance in, around or near any place of the event by offensive or
disorderly conduct.

5. Knowingly allow any person to sell, consume or be in possession of intoxicating liquor while in a
place of an event for which a license has been issued under section 25.283, except where such sale,
consumption or possession is expressly authorized under chapters 25 and 30 and the laws of the State of
Nevada.

6. Knowingly allow any person in, around, or near an event for which a license has been issued under
section 25.283 to use, sell, or be in possession of any controlled substance or dangerous drug.

[§8, Ord. No. 1099]

25.272 Outdoor festivals; license required; application; fees; approval or denial; revocation; unlawful
acts.

1. The provisions of this section and the provisions of sections 25.010 to 25.445, inclusive, apply to an
application for a license to hold an outdoor festival.

2. No outdoor festival shall be held or conducted unless the sponsor has first obtained a business
license pursuant to this section. An outdoor festival with more than 300 and less than 1000 persons on
any one (1) day of the event shall also obtain an administrative permit pursuant to section 110.310.20.

3. Application for a license to conduct an outdoor festival shall be made to the license division on forms
designated by the license division and shall be accompanied by a nonrefundable application fee of $50
and any other business license fees as set forth in this chapter, which may be refunded in accordance
with this chapter if the application is denied or withdrawn. The application shall require the same
information required under section 25.273. For those events requiring an administrative permit pursuant
to section 2, the license application shall suffice for the administrative permit application and no additional
fees are required for filing the administrative permit application.

4. The director of community development or the board of adjustment shall approve or deny the
application. Grounds for denial are the same as those set forth in section 25.281 and notice thereof shall
be made in accordance with section 25.279. Approval may include the imposition by the license division
of any condition set forth in sections 25.289 to 25.305, inclusive.

5. The license may be suspended or revoked in the manner provided in section 25.287.

6. The acts declared unlawful in section 25.271 shall also be unlawful if done during or in conjunction
with an outdoor festival.

[§165, Ord. No. 1138]

25.273 Application and fee.

1. An application to conduct an event for which a license is required under section 25.265 must be
made in writing to the license division on forms provided by the division. The license division must
receive a complete application at least 90 days prior to commencement of the event. No application shall
be processed until the application is deemed complete by the license division. Except as provided in
subsection 4, the license application must be accompanied by:

(a) A nonrefundable application fee of $1,000 for a license required pursuant to subsection 1 of section
25.265, and
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(b) Any business license fees as set forth in this chapter, which may be refunded in accordance with
this chapter if the application is denied or withdrawn.

2. The application shall contain:

(a) The name, age, residence and mailing address of the person making the application. If the applicant
is a partnership, the application must include the names and addresses of the partners, and the partners
must join in the application as individual licensees. If the applicant is a corporation, the application must
include a certified copy of the articles of incorporation and the names and addresses of the president,
vice president, secretary and treasurer thereof, and these officers must join in the application as individual
licensees.

(b) A statement of the nature and purpose of the proposed event.

(c) The address and assessor’s parcel number or numbers of the place where the proposed event is to
be conducted, operated, or carried on. The application must include proof of ownership of the place
where the event is to be conducted or a statement signed by the owner indicating his consent for the site
to be used for the proposed event.

(d) The date or dates and the hours during which the event is to be conducted.

(e) An estimate of the number of customers, spectators, participants and other persons expected to
attend the event for each day it is conducted.

(f) The names and addresses of anyone contributing, investing or having an expected financial interest
greater than $500 in producing the event.

(g) The name and address of any person expected to provide, for consideration, services or activities
ancillary to or in conjunction with the festival.

(h) If other than the applicant, the name of a designated event representative who must be on the site of
the event during the course of the event and who has authority to bind the applicant.

(i) An event plan in accordance with section 25.275.

(j) A statement covering the history of all similar events conducted, operated, or promoted by the
applicant in any location including, at a minimum, event names, types, dates, locations, and permits
issued.

3. After the application is submitted with required fees and deemed complete by the license division, the
license division must:

(a) Transmit one copy of the application and a copy of the receipt for the application fee to the county
clerk; and

(b) Promptly give notice of the application to the sheriff, the district health officer, and other local,
regional, state, and federal officers as appropriate, with a request for written recommendations related to
their official functions as to the granting of a license and the conditions thereof. The license division may
establish a deadline by which recommendations must be received.

4. Upon written application from any executive officer of any local post or unit of any national
organization of ex-servicemen, acting in his official capacity, a license shall be issued without charge for a
tent show or circus for not to exceed 2 weeks in any calendar year, if the local post or unit is to participate
in such show or the proceeds thereof.

[§9, Ord. No. 1099; A. Ord. No. 1138]

25.275 Event plans. Each application submitted under section 25.273 must include fifteen copies of an
event plan which must include:

1. A detailed explanation of the applicant’s plans to provide security, fire protection, water supply, water
facilities, sanitation facilities, medical facilities, medical services, vehicle parking, vehicle access, traffic
control and, if the event will operate after dark or if persons will remain overnight, illumination and
camping facilities.

2. Provisions and a cost estimate for cleaning up the premises and removing rubbish after the event.

3. A site plan showing the arrangement of all facilities, including those for egress, ingress, parking, and
camping.

[§10, Ord. No. 1099]
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25.276 Investigation.
1. Upon receiving the notice of the application as provided for in subsection 3(b) of section 25.273, the

sheriff shall conduct a criminal history background check of the applicants in accordance with section
25.023 to determine whether cause for denial exists. The reasonable costs of the investigation shall be
the responsibility of the applicant and shall be paid to the sheriff in advance.

2. The sheriff shall also conduct an investigation of the history of similar events operated, conducted, or
promoted by the applicant to determine the truthfulness of the facts submitted by the applicant and to
determine whether those events would have met the standards for outdoor festivals set forth in sections
25.263 to 25.305, inclusive.

3. For a second or subsequent application by an applicant, and provided that the applicant, owner,
officer and/or director have not changed, the license division or the sheriff may waive the requirements of
subsection 2 of this section and modify the requirements of subsection 1 of this section as follows:

(a) At the discretion of the Sheriff, a criminal history records check need not be processed in
accordance with section 25.023, but the Sheriff shall review local police records including, without
limitation, wants and warrants to determine whether cause for denial exists.

[§168, Ord. No. 1138; A. Ord. No. 1383]

25.277 Review procedures: Events for 1,000 or more persons. After an application for an event listed
in subsection 1 of section 25.265 is submitted with required fees and deemed complete by the license
division:

1. The license division must consult with the county clerk and set the application for public hearing at a
regular meeting of the board to occur not more than 30 days after the application is deemed complete.

2. Atleast 10 days in advance of the hearing, the license division must give notice of the public hearing
to the applicant and to affected property owners in the manner set forth in section 110.810.25 for special
use permits.

3. Based upon the testimony of witnesses, the evidence presented at the hearing, and the report of the
license division, the board must approve the issuance of a license with conditions or deny the application.
The board may continue a decision on the application to its next regularly scheduled meeting.

4. If the board denies the application, the license division shall mail written notice of denial to the
applicant within 5 working days of the denial. The notice must include a statement of the reasons the
application was denied.

[§11, Ord. No. 1099; A. Ord. No. 1138]

25.279 Review procedures: Events for more than 100 but less than 1,000 persons. After an application
for an event listed in subsection 2 of section 25.265 is submitted with required fees and deemed complete
by the license division, the license division must review the application, following substantially the same
procedures set forth in sections 110.808.30 to 110.808.45, inclusive, for administrative permits. The
director of community development or, where applicable, the board of adjustment must approve the
issuance of a license with conditions or deny the application.

[§12, Ord. No. 1099; A. Ord. No. 1138]

25.281 Grounds for denial. The board, the board of adjustment or the director of community
development may deny issuance of a license for any of the following reasons:

1. The proposed event will be conducted in a manner or location not meeting the health, zoning, fire,
building or safety standards established by Washoe County or state law.

2. The applicant has knowingly made a false, misleading, or fraudulent statement of material fact in the
application for a license or in any other document required pursuant to sections 25.263 to 25.305,
inclusive.

3. The applicant or any person connected or associated with the applicant as partner, director, officer,
associate or manager, or having a financial interest as described in subsection 2(f) of section 25.273 has
previously conducted or been interested in the type of event for which a license is being applied for which
resulted in the creation of a public or private nuisance.

4. The applicant or any person associated with the applicant as a partner, director, or officer has been
convicted within the past ten (10) years of any of the following crimes:
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(a) Involving the presentation, exhibition or performance of an obscene production, motion picture or
place, or of selling obscene matter;

(b) Involving lewd conduct;

(c) Involving the use of force and violence upon the person of another;
(d) Involving misconduct with children; or
(e) Involving illegal use of controlled substances or dangerous drugs.

5. The applicant or any person associated with the applicant as a partner, director, or officer has a
history of conducting similar events that would not meet the standards established in sections 25.263 to
25.305, inclusive.

[§13, Ord. No. 1099; A. Ord. No. 1138]

25.283 Issuance of license, posting, fee.

1. To make a determination that the conditions of license approval have been met, the license division
must receive from the applicant proof of compliance with each condition imposed under section 25.277 or
25.279. Such proof must:

(a) Include executed contracts or agreements with all providers of required services and facilities, or
other evidence approved by the director of community development;

(b) Where the sheriff, district health officer, director of community development, fire chief, or other officer
has determined the condition, include the written approval or acknowledgement of that person; and

(c) Be received by the license division at least 5 working days prior to commencement of the event.

2. Upon a determination by the license division that the conditions of license approval have been met,
and that all applicable fees and deposits have been paid, the license division must issue a license
specifying the name and address of the licensee, the kind of festival licensed, and the dates and hours for
which operation is authorized. The licensee must post the license in a conspicuous place upon the
premises were the event is conducted.

3. The board hereby delegates to the director of community development the authority to determine
whether an applicant has met the conditions of license approval. The applicant or his agent may appeal a
decision of the director under this subsection in substantially the same manner as set forth in section
110.808.45 for administrative permits.

[§14, Ord. No. 1099]

25.285 Revocation of license: Cause. The board may revoke or further condition any license issued
pursuant to section 25.283 when any of the following causes exists:

1. The licensee fails to pay to the license division any of the fees or deposits required under sections
25.263 to 25.305, inclusive.

2. The licensee, his employee or agent fails to fulfill any of the conditions of approval or to maintain
required facilities pursuant to sections 25.263 to 25.305, inclusive, or to comply with any provision of any
contract for police protection or other services.

3. The licensee allows the event to be conducted in a manner that violates any law or regulation
established by Washoe County or the State of Nevada.

4. The licensee allows the festival to be conducted in a disorderly manner or knowingly allows any
person to remain on the premises of the event while under the influence of intoxicating liquor or any
controlled substance or dangerous drug.

5. The licensee, his employee or agent is convicted of any of the offenses enumerated under
subsection 4 of section 25.281.

6. The licensee fails to provide the required number of facilities or personnel by reason of admitting
persons in excess of the number estimated in the application.

[§15, Ord. No. 1099]

25.287 Suspension and revocation of outdoor festival or outdoor festival license: Procedures.

1. Whenever the continued operation of the event constitutes an imminent threat to the public health or
safety, a license issued under section 25.283 is subject to immediate suspension by the license division,
sheriff, chief of the responsible fire protection agency, or district health officer as set forth in this section.
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A license issued under section 25.283 is also subject to immediate suspension by the license division or
sheriff when any of the causes listed in section 25.285 exist.

2. Any person may file with the license division, sheriff, chief of the responsible fire protection agency,
or district health officer a petition for suspension or revocation of the license of any licensee.

3. Whether initiated by petition or otherwise, the procedures for suspension and revocation shall be
those set forth in sections 25.0380 through 25.0387, inclusive, except as follows:

(a) The causes for revocation are set forth in 25.285; and

(b) The license division may modify the time schedules set forth in subsections 4 and 6 of section
25.0381 if the event is scheduled to commence before the hearing would be held, or request a special
hearing pursuant to NRS 244.090 if the event has not commenced and reasonable notice is possible.
[§16, Ord. No. 1099; A. Ord. No. 1138, 1336]

25.289 Licensing conditions: Generally.

1. For an event for which a license is required under section 25.265, the board, the board of zoning
adjustment, or the director of community development must establish conditions that must be met prior to
the issuance of a license.

2. Conditions imposed under subsection 1 of this section shall be imposed pursuant to Washoe
County’s general police power as necessary under all the circumstances for the protection of the health,
welfare, safety and property of local residents and persons attending festivals in the county, and may
include, without limitation, the conditions specified in sections 25.291 to 25.305, inclusive.

3. The licensee must meet conditions imposed under this section at the licensee’s expense.

[§17, Ord. No. 1099; A. Ord. No. 1138]

25.291 Licensing conditions: Police protection. A licensee must employ sheriff's deputies or other
police protection, to include private security firms or agencies, as necessary for the public health, safety,
and welfare. The sheriff shall determine the numbers and types of officers or security personnel
necessary to preserve order and protect persons and property in and around the place of the festival.

[§18, Ord. No. 1099]

25.293 Licensing conditions: Food, water, sanitation, garbage disposal, and medical services.

1. Alicensee must provide on the premises of the festival as necessary for the public health, safety, and
welfare:

(a) An ample supply of potable water for drinking and sanitation purposes;

(b) A minimum supply of water meeting federal government standards;

(c) Except as provided in subsection 3 of this section, flush-type water closets, lavatories and drinking
facilities, and related sewage and drainage systems;

(d) Food concessions or facilities to feed adequately the number of persons expected to attend,
considering the event’s location, expected attendance, access to and capacity of existing facilities, and
distance from public eating places or like establishments;

(e) Sanitation facilities for the sole use of employees of the food concessions or operations;

(f) Trash receptacles;

(g) Removal of trash and refuse;

(h) Emergency medical treatment facilities; doctors, nurses, and other aides needed to staff such
facilities; and medical supplies, drugs, ambulances and other equipment, considering the expected
attendance, expected ages of attendees, duration of planned events, possibility of exposure to inclement
weather and outdoor elements, and availability of other facilities; and

(i) Traffic lanes and other adequate space designated and kept open for access and travel of
ambulances, helicopters, and other emergency vehicles to transport patients or staff to appropriate
treatment facilities.

2. The district health officer shall determine the types, amounts, numbers, locations, and required
quality of supplies, facilities, and services required under subsection 1 of this section.

3. Where flush-type water closets cannot be made available for the persons in attendance, the district
health officer may allow the use of portable chemical toilets, which shall be emptied and recharged as
necessary pursuant to procedures established by the district health officer. [§19, Ord. No. 1099]
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25.295 Licensing conditions: Access, traffic, parking, camping, and illumination.

1. Alicensee must provide on the premises of the festival as necessary to protect the public health,
safety, and welfare:

(a) Adequate parking space for persons attending by motor vehicle;

(b) Adequate ingress and egress to festival premises and parking areas, including necessary roads,
driveways, and entranceways to insure the orderly flow of traffic into the premises from a road that is part
of or connects with a state or county highway;

(c) An adequate access way for fire equipment, ambulances, and other emergency vehicles;

(d) Traffic guards under the employ of the licensee to insure orderly traffic movement and relieve traffic
congestion in the vicinity of the event;

(e) Camping facilities and overnight areas, if necessary, that meet all applicable county and state
requirements; and

(f) Electric illumination of occupied areas, if a licensee will conduct an event after dark or allow persons
to remain on the premises after dark.

2. For the purposes of this section, “adequate parking space for persons attending by motor vehicle”
means a separate parking space for every two persons expected to attend by motor vehicle, individually
and clearly marked, and not less than 12 feet wide and 20 feet long.

3. The director of community development shall consult with the director of public works and the county
building officer, and shall determine the necessary parking, ingress, egress, access, traffic, camping,
overnight, and illumination facilities and services required under subsection 1 of this section.

[§20, Ord. No. 1099]

25.297 Licensing conditions: Hours of operation. A license issued under section 25.283 must include
as a condition the dates and hours of event operation approved by the board, the board of adjustment, or
the director of community development.

[§21, Ord. No. 1099]

25.299 Licensing conditions: Fire protection.

1. Alicensee must provide adequate fire protection, first aid equipment, and fire extinguishing
equipment to protect the public health, safety, and welfare. If the event is to be conducted in a hazardous
area as determined by the chief or chiefs of the responsible fire protection agency or agencies,
considering all relevant factors, including without limitation the event location and nature, the nature of the
surrounding area, and probable weather conditions, a licensee must employ fire guards and must remove
flammable vegetation and other fire hazards.

2. The chief or chiefs of the responsible fire protection agency or agencies:

(a) Shall determine the necessary numbers and types of equipment and personnel required under
subsection 1 of this section;

(b) May determine that an event is proposed in a hazardous fire area;

(c) Shall approve the suitability of fire guards required to be employed by the licensee; and

(d) Shall determine the manner and quantity of flammable vegetation and other fire hazards that must
be removed.

[§22, Ord. No. 1099]

25.301 Licensing conditions: Financial ability to meet conditions. A licensee must provide proof of the
financial ability of the applicants to meet the conditions of the license.
[§23, Ord. No. 1099]

25.303 Licensing conditions: Indemnification and insurance.

1. Alicensee must indemnify, hold harmless, and defend the county, its agents, officers, servants and
employees and the board, and any other public agencies involved, and their agents, officers, servants
and employees, from and against any and all losses, injuries, or damages of any nature whatsoever
arising out of, or in any way connected with such event, except such losses, injuries, or damages arising
out of the sole negligence of the county or any other public agency involved.
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2. Alicensee must purchase and provide evidence of insurance coverage in an amount based on the
liability exposure or potential losses created by the event.

3. The county risk manager shall determine the form, amount and type of evidence of insurance
coverage required under subsection 2 of this section.

[§24, Ord. No. 1099]

25.305 Licensing conditions: Performance security.

1. Alicensee must post a performance security in the form of surety bond, letter of credit, certificate of
deposit, cash bond in favor of the county, or other instrument approved by the district attorney. The
amount of the security shall be adequate to cover the costs of fulfilling specified conditions of license
approval including, without limitation, the costs of removing debris, trash or other waste from, in and
around the premises of the event.

2. As soon as practicable after completion of the event for which a license is issued under section
25.283, the license division shall inspect the event site and determine whether conditions of approval for
which the licensee posted a performance security have been fulfilled.

3. If the license division determines that the conditions of license approval for which the licensee posted
a performance security have been fulfilled, the division must promptly cause the release of the security. If
the license division determines that the conditions of approval for which the licensee posted a
performance security have not been fulfilled, the license division shall recommend to the district attorney
that the security be forfeited and used to achieve compliance.

4. The license division shall determine the type and amount of performance security required under
subsection 1 of this section.

[§25, Ord. No. 1099; A Ord. No. 1275]

EXTRACT FROM WASHOE COUNTY CODE CHAPTER 110

Section 110.310.15 Allowed Temporary Uses and Structures. Temporary uses and structures shall
be subject to all the regulations as would be applied to a permanent principal or accessory use located in
the same regulatory zone, except as otherwise provided by the regulations of this article. The following
temporary uses and structures shall be allowed as specified by the provisions of this section and Chapter
25 of the Washoe County Code. The duration and frequency of temporary uses is established in this
section and Chapter 25 of Washoe County Code. The Director of Community Development may impose
additional restrictions on the frequency and duration of a temporary use.
(a) through (c) omitted
(d) Circuses, Carnivals and Other Outdoor Entertainment Events. Excluding activities and
events occurring in a permanent entertainment facility, the temporary provision of games,
eating and drinking facilities, live entertainment, animal exhibitions, or other similar
activities in a tent or other temporary structure. Section 110.310.20, Circuses, Carnivals or
Other Outdoor Entertainment Events, provides additional regulations.
(e) through (o) omitted

Section 110.310.20 Circuses, Carnivals or Other Outdoor Entertainment Events. A circus, carnival
or other outdoor entertainment event may be permitted in all regulatory zones for a period not to exceed
ten (10) days. Adequate parking and restroom facilities shall be provided for the expected attendance.
An event that will have a combination of between three hundred (300) and nine hundred ninety-nine (999)
participants and spectators on any one (1) day of the event shall obtain an administrative permit prior to
the event. An administrative permit or outdoor festival license shall not be required for events held at or
in facilities designed for such events. These facilities include auditoriums, convention facilities, stadiums
and parks, but does not extend to ancillary support areas, such as parking lots, if the event is to be held
on or in those ancillary support facilities. An event that will have a combination of more than one
thousand (1,000) participants and spectators on any one (1) day of the event shall obtain an outdoor
festival license as specified in Chapter 25 of the Washoe County Code, instead of an administrative
permit.
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APPENDIX A through K

Appendix A

MISSION STATEMENT:
To illuminate the human spirit—bringing together family and friends through the joy of
spectacle.

THE EVENT:

Historically lanterns were used to symbolize good fortune, request favorable weather,
and to celebrate the life of a loved one. Regardless of the motivation for lighting a
lantern, families and friends can dance to the music, roast marshmallows for their
s’mores, munch on snacks provided by local vendors, and of course, send off their
lanterns and watch them float away in a spectacular release.

CHARITY:
Part of the proceeds from The Lantern Fest will be donated to a local charity that
partners with us in the event.

PARTICIPANTS:

We anticipate 8,000 participants to attend this family friendly event. It's an all ages
event, but only those 16 and older are allowed to participate in the lighting of the
lanterns; all others can attend as spectators.

HOW IT'S DONE:

Marketing:

We market the event via our website, social media, and other forms of advertising for
2-3 months prior to the event.

Registration:

Participants may register on our website at www.thelanternfest.com or they may
purchase tickets the day of the Event (if the event is not sold out). Pricing is based on
the time of purchase and varies. Sometimes third party vendors (i.e. Groupon or Living
Social) may be used.

e On Site Check-in opens at 3pm and continues until the launch.
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PRE-LAUNCH PREPARATION:

Participants are assigned to a specific area, where they can roast marshmallows,
enjoy on site festivities, and chat with family and friends.

Launch times are determined by sunset and weather conditions, but lanterns are
usually lit and set afloat between the hours of 6:30pm-9pm.

The launch lasts about 20 minutes and then concludes. The Lantern Fest begins
to quickly clean up the lanterns and the venue.

ENTERTAINMENT:
Food from local vendors or concessions

Live Music or DJ

Lantern decorating

Making S’mores

Face painting

Balloon making

Kids Favorite Character Impersonators
Creating memories

Kids Entertainment (including competitions)

Food from local vendors or concessions
Live Music or DJ

Lantern decorating

Making S’mores

Face painting

Balloon making

Kids Favorite Character Impersonators
Creating memories

Kids Entertainment (including competitions)
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Appendix B

Security and Fire Protection

Please see attached Washoe County Fire and Safety Plan
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Safety and Fire Procedures
At a minimum we will take the following precautions for the event at Wild West Motor
Speedway.

* The Lantern Fest will coordinate all of it’s safety and fire procedures with Wild West
Motorsports Park and follow the guidance and expertise of the owners to take proper
proactive measures to ensure the safety of the participants.

* The Lantern Fest will coordinate with NHP as well as Washoe County Sheriff to ensure
that all of their recommendations are properly implemented in a timely manner.

* Coordinate with Wild West Motor Sports Park to ensure their standard fire/safety policies
and procedures are in place and functioning.

* Coordinate with local authorities, at our discretion, 3 days before the event, and then
again on the day of the event, to ensure that environmental factors do not pose a
significant and undue fire risk.

* Request ,and reimburse, whatever reasonable assistance the local fire department deems
necessary for adequate fire prevention coverage for our event.

* Ensure that all participants and spectators within the venue are accounted for and have
signed waivers.

* Provide instruction to participants regarding the proper way to light and release lanterns.
We send the participants an instructional video upon registration, and then provide
several additional instructional opportunities during the event.

* Ensure that all sources of flames at the event are properly and safely secured, protected,
and accounted for by volunteers during the entirety of the event.

* Per the advice of fire authorities, no participants under the age of 16 are allowed to light
or handle the lit lanterns. Participants under 16 years of age wear a separate wristband
helping staff identify their age.

* The event will be staffed with an adequate number of volunteers/personnel suggested by
the local law enforcement, but under no circumstances will The Lantern Fest have less
than 40 volunteers and fulltime staff supervising the lantern launch.

* During the entirety of the event, each volunteer will be in the possession of an individual
fire suppression device. A total of 50 fire suppression devices will be easily accessible to
participants and volunteers.

* Use exclusively sourced, 100% biodegradable, flame retardant lanterns with a limited
burn time of 4 to 5 minutes.

¢ We will not launch the lanterns if the wind ground speed is greater than 12 mph at the
time of the launch.

* Each volunteer will be responsible for a pre-assigned segment of the launch area and will
have access to a dedicated walkie talkie in the event they need to call for assistance.

* Licensed paramedics will be at the event. They will have a privacy tent and ambulance on
site.

¢ Ifrequired or suggested by the local fire authority, a licensed pyrotechnic expert will be
at the event.

* The Lantern Fest will ensure that a proper number of safety/security professional will be
at each event.

¢ The Lantern Fest will work closely with Wild West Motor Speedway to ensure all areas
of the property are reasonably accessible in a timely manner.

e Ifrequested by the local fire department, a number of local fire professionals will be in
attendance with either a brush or water truck. They will also be in possession of their own
fire suppression units. (The Lantern Fest provides discounted/free attendance for local
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fire fighters).

¢ If'the local fire department does not request a brush or water truck present, The Lantern
Fest will furnish, at our own expense, a number of UTVs and/or vehicles equipped with
fire suppression equipment that can access all parts of the property.

* Entrances and Exits (including Emergency Exit) signs shall be posted.

* Every participant will sign a waiver and agree to all previously stated safety precautions.

¢ The Lantern Fest carries, at a minimum, a one million dollar incident and 2 million dollar
per event insurance policy.

* The Lantern Fest receives a Letter of No Objection from the FAA for every scheduled
event.

Recovery Procedures
Our recovery plan for this event consists of three separate phases: immediately after the lantern
launch, two to three hours post launch, and the morning after the lantern launch.

DURING AND IMMEDIATELY AFTER THE LAUNCH

We will station a lantern spotter somewhere in the venue where they will have good visibility of
the lantern landing area. As soon as the lanterns are launched, will send a truck with at least 3
individuals equipped with fire extinguishers to the area where the lanterns are beginning to land.
They will be equipped with walkie talkies and will remain in that general area for the duration of
the launch and will stay there for at least an hour after the launch.

TWO TO THREE HOURS POST LAUNCH

The crew will be at the speedway until at least midnight. From 9 pm to Midnight we will keep a
spotter stationed while we clean up the track and surrounding area. Before returning to the hotel
at midnight, we will send a number of my crew through the lantern landing area to ensure none of
the lanterns are still warm.

MORNING AFTER THE LAUNCH

We will arrive back at the speedway at 6:30 am with a crew of about 50 volunteers. Over the next
5 hours we will scour the lantern landing area and pick up all the lanterns that were released the
evening before.
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Water Supply and Facilities

There is no potable water at The WildWest Motorsports Park. The Lantern Fest will
follow the guidance of Washoe County Health department, and all other involved
department’s, guidance regarding requirements for potable water. The Lantern Fest will
meet, at least, the minimum requirements from those departments.

Appendix D

Sanitation Facilities

The Lantern Fest will coordinate with appropriate departments to ensure that required
sanitation facilities, toilets, and hand washing are provided. At a minimum The Lantern
Fest will provide 88 portable toilets (6 ADA toilets),, 4 handwashing stations, and any
other required sanitation facilities. The Lantern Fest will also keep The WildWest
Motorsports Park’s sanitation facilities open and stocked during the duration of the
event.

Page 28
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Appendix E

Medical facilities and services

Please see Appendix D. Licensed paramedics will be on call at each event. They will
have a privacy tent and ambulance on site. We will also follow requirements already
established by the county for Wild West Motorsports Park. Furthermore, The Lantern
Fest will follow any and all guidance provided by appropriate county agencies.

Appendix F

Vehicle Parking

The Lantern Fest releases parked cars in waves in 15 minute intervals, thereby allowing
there to be less pressure on egress exits. The Lantern Fest will work closely with the
venue and jurisdictional authorities to ensure the provided plan will reduce traffic during
ingress and egress. The Lantern Fest will ensure that proper law enforcement officials
are at the sole freeway exit to manage traffic on to 1-80.
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Appendix G

Vehicle Access and on-site traffic control

Google Earth

©2018 Google | 1000 ft |
Please see Appendix G. The Lantern Fest is obligated to follow the Vehicle Access and
on-site traffic control plan previously approved by the county for racing events that take
place at The WildWest Motorsports Park. The Lantern Fest promises to follow such plan
and work with jurisdictional authorities to ensure the plan appropriately addresses the
needs of this specific event.
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Appendix H

Communication System

The Lantern Fest provides a circular stage hosted by an MC at every event. The stage
allows The Lantern Fest to communicate with every participant in a timely and effective
manner. Local law enforcement and fire officials are provided with dedicated radios that
that allow them to communicate directly with both the MC and the event director. Every
employee of The Lantern Fest is provided with a radio and able to communicate directly
with each other as well as fire and law enforcement officials.

Appendix |

llluminating the premises

The Lantern Fest will provide, at a minimum, 6 portable light stands that provide
reasonable and appropriate lighting for the entire venue, parking areas, and exits. The
Lantern Fest will ensure that all exits are appropriately lit during the duration of the
event.
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Appendix J

Clean-up
The Lantern Fest begins cleaning the venue shortly after participants begin to leave.

The entire area is returned to its original form by noon the day after the event. The
Lantern Fest leases all appropriate waste disposal facilities needed to do this.

Appendix K
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ACORD’ CERTIFICATE OF LIABILITY INSURANCE o

02/27/2018

THIS CERTIFICATE IS ISSUED AS A MATTER OF INFORMATION ONLY AND CONFERS NO RIGHTS UPON THE CERTIFICATE HOLDER. THIS
CERTIFICATE DOES NOT AFFIRMATIVELY OR NEGATIVELY AMEND, EXTEND OR ALTER THE COVERAGE AFFORDED BY THE POLICIES
BELOW. THIS CERTIFICATE OF INSURANCE DOES NOT CONSTITUTE A CONTRACT BETWEEN THE ISSUING INSURER(S), AUTHORIZED
REPRESENTATIVE OR PRODUCER, AND THE CERTIFICATE HOLDER.

IMPORTANT: If the certificate holder is an ADDITIONAL INSURED, the policy(ies) must be endorsed. If SUBROGATION IS WAIVED, subject to
the terms and conditions of the policy, certain policies may require an endorsement. A statement on this certificate does not confer rights to the
certificate holder in lieu of such endorsement(s).

PRODUCER 52.\':{‘:“:7 Shantelle Martinez
Western States Insurance Agency Inc AN Exy: (801)798-7461 {;,‘é No): (801)798-7462
87 East Center AtiiEas: shamel\e@wcslcrqstalesinsur_ance.net )
Spanish Fork, UT, 84660 INSURER(S) AFFORDING COVERAGE . wNac#
License #: 92455 ik n INSURER A : Underwriters at Lioyds
INSURED INSURER B :
Lantern Fest Productions; Happy Run Events LLC: & Sack Luncl |;S|..|.n-mc : T == i
Eric Brooks INSURER D ; L el ]
59W 1008 INSURER g
Salt Lake City UT B4101 INSUR 4
COVERAGES CERTIFICATE NUMBER: - REVISION NUMBER:

THIS IS TO CERTIFY THAT THE POLICIES OF INSURANCE LISTED BELOW HAVE BEEN
INDICATED. NOTWITHSTANDING ANY REQUIREMENT, TERM OR CONDITION OF ANY R OTHER DOCUMENT WITH RESPECT TO WHICH THIS
CERTIFICATE MAY BE ISSUED OR MAY PERTAIN, THE INSURANGCE ES DESCRIBED HEREIN IS SUBJECT TO ALL THE TERMS,
EXCLUSIONS AND CONDITIONS OF SUGH POLICIES. LIMITS SHOWN MAYHAVE BEEN REDU BY PAID CLAIMS,

{E INSURED NAMED ABOVE FOR THE POLICY PERIOD

INSR] 'ADDL'SUBR | POLICY EFF | POLICY EXP |
LT} TYPE OF INSURANCE INSD _WVD MELDD/YYYY)  (MW/DD/YYYY) LimTs
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To whom it may concern the attached report is pertaining to the flight characteristics of the
Lantern used in the LANTERN FEST. Testing of lantern were conducted to obtain the following

data:

How long does the lantern burn

What is the max temperature of the fuel cell as it burns
How far the lantern travel at different air speeds

How high does the lantern go

The report address the obtained data. Mathematical equations were developed to predict the
ascend rate and the descend rate of the lantern at different locations.

The testing, data analysis, and mathematic equations were done by Kerm Jackson. Kerm is a
Professional Engineer in the State of Utah. He has worked as a mechanical engineer for over 30
years. He has designed many furnace exhaust system and building ventilation systems. This
work used air density and air flow rates to design the exhaust fans and ventilation blowers.
Research on the flight of hot air balloons and weather balloons was conducted. This research
lead to the mathematic equations.

Thanks,

Kerm Jackson

634 East 920 North,
Orem, Utah 84097
801-592-4941
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Flight Characteristics of the Lantern of LANTERN FEST

Testing of lantern was conducted to obtain the following data:

¢ How long does the lantern burn

e What is the max temperature of the fuel cell as it burns
e How high does the lantern go

e How far the lantern travel at different air speeds

Testing was done in Orem, Utah November 22, 2016. The temperature was cool and no
detectable wind. The maximum temperature testing was conducted in two-car garage. The flight
testing was conducted in a large open playing field.

The Lanterns were tested to determine the time the fuel cell burns. The burn time was about 3
minutes. It takes the first minute to inflate the canopy sufficient to lift the lantern to flight status.
The next two minutes while the fuel cell burned the lantern ascended. The maximum temperature
inside the canopy was about 300° F. This temperature was used as the hot air temperature inside
the lantern canopy. In the two minutes the lantern reached an altitude of about 600 feet.

The lantern descents for about three minutes. The flights of the lanterns varied from four minutes
to six minutes. One lantern ascended for two minutes and then continued ascend and to be
carried by the wind until the lantern was out of sight.

A paper named “Modeling the ascent of sounding balloons: derivation of the vertical air motion”
developed equations for a helium weather balloon. This paper was placed in Appendix 4. The
ascent equation was starting point for the mathematical equation for the ascent of the lantern.
The equation was modified to match the data for the lantern. The drag force equation was
modified to predict the descend rate of the lantern. The equations used the density of the air to
predict the rate of rise and the rate of falling at different locations.

Devices similar to the lanterns are used to measure the wind speed. The Lanterns travel at the
wind speed. Wind at one mile per hour calculates to 1.46 feet per second. The Lantern ascends
for about two minutes and descends for about three minutes. In five minutes at 1.46 ft/sec the
lantern travels 440 feet. The following table lists the wind speed and the horizontal distance the
lantern travels in five minutes

1 MPH 440 FT
2 MPH 880 FT
3 MPH 1320 FT

4 MPH 1760 FT



Attachment E
Page 36

5 MPH 2200 FT
6 MPH 2460 FT

An Excel spread sheet was developed to calculate the ascend and descend rated of the lantern at
different elevations, air temperatures, and relative humidity. This Excel spread sheet is printed
and attached as Appendix 1. The EXCEL spread sheet is provided as an attachment. The air
density is calculated by the Air Density Calculator. A printed version this calculator is in
Appendix 2. The Air Density Calculator is provided as an attachment. The air density is
transferred to the Excel spread sheet. Embedded calculation predict the ascend and descend rates.
The embedded equations are shown on the spread sheet.

Hand written data sheets and sample calculations are attached as Appendix 3. The handwritten
calculations define the elements of the equations. A copy of the embedded calculation is
presented.
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LANTERN FEST

The Lanterns burn for about 3 minutes.

It takes the first minute to inflate the canopy sufficient to lift the lantern to flight status
The maximum temperature inside the canopy is 300° F

The lantern ascents for about two minutes to an altitude of about 600 feet

The lantern descents for about three minutes.

Lantern Ascent rate and Descend rate
Testing was done in Oerm, Utah November 22, 2016

Air Temperature : 53 °F 117 °C

Humidity 13 %

Elevation 4774 FT 1455 M

Ambient air density from the Air Density Program using
0.0671 LB/FT? conditions at the launch site

Hot Air Temperature 300 °F 1489 °C

Humidity 0% Air above 212° F contains no humidity

Elevation 4774 FT 1455 M

Hot air density from the Air Density Program using

conditions at the launch site with air
0.0437 LB/FT’ temperature 300° F and no humidity
Ascent Rate Formula: v =((76.4/4.3)*(3*({(C16-C20)*6.06)+0.118))/8.85/C16)*0.5

Ascent rate 4.83 ft/sec

Descend Rate Formula: v =({{{{C16-C20}*6.06)+0.118)*2/0.3/C16/2.49)"0.5)
Decent rate 3.22 ft/sec

Wind Speed

Devices similar to the Lanterns are used to measure the wind speed.

The Lanterns travel at the wind speed.

Wind at one mile per hour calculates to 1.46 feet per second.

The Lantern ascends for about two minutes and descends for about three minutes.
In five minutes at 1.46 ft/sec the lantern travels 440 feet

The following table lists the wind speed and the horizontal distance the lantern travels in
five minutes

1 MPH 440 FT
2 MPH 880 FT
3 MPH 1320 FT
4 MPH 1760 FT
5 MPH 2200 FT
6 MPH 2640 FT
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Example Conditions
Lantern Ascent rate and Descend rate

Chicago, IL

Air Temperature : 95 °F 350 °C

Humidity 90 %

Elevation 600 FT 183 M

Ambient air density from the Air Density Program using
0.0686 LB/FT3 conditions at the launch site

Hot Air Temperature 300 °F 1489 °C

Humidity 0% Air above 212° F contains no humidity

Elevation 600 FT 183 M

ot airdiensity from the Air Density Program using

conditions at the launch site with air
0.05109 LB/FT’ temperature 300° F and no humidity
Ascent Rate Formula: v =({76.4/4.4)*(3*(((C16-C20)*6.06)+0.118))/8.85/C16)*0.5

Ascent rate 4.43 ft/sec
Descend Rate Formula: v =({{((C16-C20}*6.06)+0.118)*2)/0.03/2.49/0.671)"0.5
Decent rate 2.96 ft/sec

Los Angles, CA

Air Temperature : 70 °F 211 °C
Humidity 15 %
Elevation 600 FT 183 M

AmbiEng SiFeiensity from the Air Density Program using

0.07223 LB/FT° conditions at the launch site

Hot Air Temperature 300 °F 1489 °C
Humidity 0% Air above 212° F contains no humidity
Elevation 600 FT 183 M

Hot air density
from the Air Density Program using

conditions at the launch site with air
0.05109 LB/FT® temperature 300° F and no humidity
Ascent Rate Formula: v =((76.4/4.4)*(3*(({(C16-C20)*6.06)+0.118))/8.85/C16)"0.5

Ascent rate 4.53 ft/sec
Descend Rate Formula: v =({{{(C16-C20)*6.06)+0.118)*2)/0.03/2.49/0.671)*0.5
Decent rate 3.02 ft/sec
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Air Density Calculations Impact of Altitude Temperature Humidity a...

Please fill all reguired fields

Air Density Calculator

Altitude, Temperature, Humidity and Barometric Pressure of Weather Systems and their impact on local atmospheric air density.

For accurale of local alr condltions we r d a high accuracy & robust [022/n2 w=athar stanon such as the ones sold on V- in 101 Com apd \Wind101 [t live
streamlng weather portal,
AIR DENSITY CALCULATION INPUTS
(local atmospheric conditions)
Property L Value !_ Unlt of Measure I Altarnate Units l l}eﬂ'npmm ,J Hote
Alr Temperature = 33.0 C {degrees) o F {degrees) Local alr temperature
Alr Humldlty -J; 20 % (Rel. Humldity) o g/m3 {ABS Humidity) Relative and corresponding Absclute Humldity value
N *If pressure value |s set to "0", Altitude value Is used to
*Barometrlc Pressure ={ 1013.25  hPa |hapto-Pascals) o mmHg {mm of Mercury}  calculate local barometric pressure based on the 1976
Standard 8tmegsphere Model
Alttude / Elevatlon =l 500 metars o & Altitude above Sea Level /elevation
AIR DENSITY CALCULATOR OUTPUT
*2Alr Density = 0 kg/m3 ° 1b/#3 Local alr density corrected far local altitude,

temperature, humldity and barometric pressure.

**Local alr denslty Is a very important factor In determinlmg wind turblne performance and engine horse power oulput. Each factor like altilude above sea tevel, alr temperature,
dity, and even b pressure due to focal weather systems can have significant effect on local air density.

**Thus, If one wants to accurately predict wind turblne performance, it is not only Important to use an accurate anemomzaies to measure wind speed, but to also measure all the
pther atmospheric factors which can have up to 10% Influence on wind energy calculations,

Alr temperature at which alr humidity starts to condense

***Dew Polnt Air Temperature = 0 Into water droplets.

C [degrees) L] F(degrees)

***|f an object at this temperature Is located In Lhe alr environment of the above glven condItions, the object, like a car window, will fog up due to alr humidity condensing on Its

file:///C:/Users/kjackson/Documgiys /air-dengity.htm
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OK

Eurface.
LRaiin | www CORSTPHEUMATICS . com | i
e —— : :l .n Tie Hiaintiy, You 4
A, \J -1 ’ *
b [ TR
= equation 4b

7= 0
?_correcled = 0
D =density, kg/m3
P4 =pressure of dry afr {partial pressure}, Pascals

kg/m3
kg/m3

alr density corrected for altitude, lemperature and pressure
alr denslty corrected for altitude, lemperature, pressure and humidity.

Py=pressure of water vapor {partial pressure), Pascals
P =Pd + Pv = total alr pressure, Pascals { multiply mb by 100 to get Pascals)

Rd=  287.05  gas constant for dry alr, J/(kg*degk) = 287.05 = R/Md
Rv= 461495  gasconstant for water vapor, J/(kg*degK) = 461.495 = R/Mv
R= A11437  universal gas ranstant = A114 37 (In 1976 Standard 8tmasphere}
Md = 28.964 molecular welght of dry alr = 28.964 gm/mol
My = 18016 molecular welght of water vapor = 18.016 gm/mol

T =temperature, deg K = deg C + 273,15

Standard Atmosphere
p0= 101325 Pa
T0=288.15 K
20=1225 ke/m?

To calculate the denslty of air as a function of altilude, one requires additional parameters. They are listed below, along with thelr values according to the Intarnaticnal Standard
Atmasphere, using the unrversal gas constant Instead of the specific one;

Ternporoture ot altitude b meters aboye sea lovel is given by the folowing fermula (only valld inside the troposphere):

T standard =0 4

T Non-standard =0 L]

p = p_0\cdot \left{1 - \frac(L
\cdot hj(T_0} \right}*\frac(g
\cdot M}R \cdot L}

pressure at altitude

B MRS =0
p=0 Pa |

\rho » density can then be calculated according te this molar form formula

1of2
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Air Density Calculations Impact of Altitude Temperature Humidity a...

file:///C:/Users/kj ackson/Documﬁx&tas‘/:ﬁi’;'-élﬁpéity.htm

20 [ B
1= e _stel_tamp =0 kg/m3
Temp =0 C amblent temperature
h=0 meters Altitude above sea level
p0=101325 Pa sea level standard atmospherlc pressure
T0=288.15 K sz lovel standacd tetppardture
g =9.80665 m/s2 Earth-surface gravitational acceleration
L =0.0065 K/m temperature lapse rate
R =8.31447 Jf(molKj unlversal gas constant
| M=0,0289644  hp/mal mkar rass of dry alr —
equation 6
Es=0 Pascals {Pa) saturation
pressure of water vapor
Te=0 temperature, deg C
€ =61078
€ =75
¢=237.3
Pv =Rh*Es
Pv=0 actual water vapor pressure
Es=0
RH% =0
P ® Alt & Temp =0 Pascals (Pa) actual water vapor pressure
P=0 Pascals {Pa) absolute atmospherlc pressure
h=0 meters altitude above Sea Level
Density correction for hurmidity
multiplier = ratio
td =243,12*H/{17.62-H) °c
H ={log10{RH}-2.0)/0.4343+{17.62*T}/(243.12+T)
d= 1] *C dew Polnt Temperature
H= [}
RH% = [}
Temp = [}
m= 17.62
Tn= 243.12 °c
A= 6112 hPa
dv= [ g/m3
absolute
Humldity
|_’.'
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Modeling the ascent of sounding balloons: derivation of the vertical

air motion
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Abstract. A new mddel to describe the ascent of sound-
ing balloons in the troposphere and lower stratosphere (up
to ~30-35 km altitude) is presented. Contrary to previous
models, detailed account is taken of both the variation of the
drag coefficient with altitude and the heat imbalance between
the balloon and the atmosphere. To compensate for the lack
of data on the drag coefficient of sounding balloons, a ref-
erence curve for the relationship between drag coefficient
and Reynolds number is derived from a dataset of flights
launched during the Lindenberg Upper Air Methods Inter-
comparisons (LUAMI) campaign. The transfer of heat from
the surrounding air into the balloon is accounted for by solv-
ing the radial heat diffusion equation inside the balloon. In
its present state, the model does not account for solar radi-
ation, i.e. it is only able to describe the ascent of balloons
during the night. It could however be adapted to also rep-
resent daytime soundings, with solar radiation modeled as a
diffusive process. The potential applications of the model
include the forecast of the trajectory of sounding balloons,
which can be used to increase the accuracy of the match tech-
nique, and the derivation of the air vertical velocity. The lat-
ter is obtained by subtracting the ascent rate of the balloon in
still air calculated by the model from the actual ascent rate.
This technique is shown to provide an approximation for the
vertical air motion with an uncertainty error of 0.5ms~! in
the troposphere and 0.2ms™! in the stratosphere. An ex-
ample of extraction of the air vertical velocity is provided

Correspondence to: A. Gallice
BY (aurelien.gallice@gmail.com)

in this paper. We show that the air vertical velocities de-
rived from the balloon soundings in this paper are in general
agreement with small-scale atmospheric velocity fluctuations
related to gravity waves, mechanical turbulence, or other
small-scale air motions measured during the SUCCESS cam-
paign (Subsonic Aircraft: Contrail and Cloud Effects Spe-
cial Study) in the orographically unperturbed mid-latitude
middle troposphere.

1 Tntroduction

Sounding balloons are extensively used in meteorological
forecasting and research, to the extent that several hundreds
of them are sent daily into the atmosphere worldwide. They
are mostly used to carry radiosondes aloft, enabling for the
in situ recording of atmospheric variables with high temporal
frequency and precision. This measurement technique stands
among the most popular, for it is not subject to the same
limitations as the majority of remote sensing instruments,
such as decreasing accuracy with altitude or susceptibility
to cloud cover.

Despite the wide usage of sounding balloons, rather lim-
ited effort has been put into the detailed modeling of their
ascent, This results originally from the practice of storing
radiosonde temperature, wind and humidity data only on
a small number of so-called mandatory and significant lev-
els (Alexander et al., 2010) with very coarse vertical reso-
lution. Yet, for special cases radiosonde vertical ascent ve-
locities have been analyzed in detail; e.g. Shutts et al. (1988)
calculated the momentum flux of a single strong gravity wave

Published by Copernicus Publications on behalf of the European Geosciences Union.
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from fluctuations in balloon ascent velocities. However, Zink
and Vincent (2001) state that smaller fluctuations can be due
to measurement errors of radiosonde altitude or changing
drag coeflicient of the balloon, and recommend to calculate
the vertical perturbation velocity from observed temperature
fluctuations, assuming the intrinsic frequency of the con-
tributing waves to derive the vertical momentum flux. Their
statement nevertheless lacks support by evidences, and we
expect their method to provide a low-accuracy estimation of
the vertical air motion.

In an effort to obtain information also about atmospheric
smaller scale wave activity the World Climate Research Pro-
gram’s (WCRP’s) Stratospheric Processes and their Role in
Climate (SPARC) project started to save the high-resolution
radiosonde data (Hamilton and Vincent, 1995), archiving
them at the SPARC Data Center.! Still, a general modeling
approach for radiosonde ascents in dependence on the state
of the atmosphere is lacking.

A coarse modeling approach for sounding balloon ascents
assuming constant ascent velocities has been used recently
to improve the precision of the “match” technique (Engel,
2009). The latter consists in probing the same air par-
cel twice using two sounding balloons launched at different
times (typically a few hours apart) and locations (typically
tens to hundreds of kilometers apart) in order to obtain in-
formation on the time evolution of the air parcel’s proper-
ties, e.g. with respect to gases, aerosols or cloud particles.
The match technique has been used in the past to compute
ozone loss rate in the lower stratosphere at the poles (Rex
et al., 1999), but the ozone match flights did not rely on
the use of a balloon ascent model; the procedure consisted
in launching the first balloon, then precisely forecasting the
trajectories of the air parcels measured by the ozone sonde,
and finally launching a second balloon from a location down-
stream in arder to measure the air parcel a second time. Tn
order to improve the quality for the match by the second
sounding, a new procedure involving balloon ascent mod-
eling has been proposed recently (Engel, 2009). Assuming
a constant ascent rate of Sms~! for the balloon superim-
posed on weather forecast or analysis data, this technique
is currently used to study the evolution of supersaturations of
water vapor with respect to ice in cirrus clouds, which should
eventually lead to a better understanding of the role of cirrus
clouds in climate change.

As the interest in sounding balloon modeling has reju-
venated only recently, there are surprisingly few more pre-
cise model attempts. One is the model recently proposed by
Wang et al. (2009) enabling the extraction of the air verti-
cal velocity from radiosonde data. Their method is based on
a decomposition of the balloon ascent rate into a contribution
representing the batloon ascent in still air and a contribution
representing vertical air motion. The balloon ascent rate in
the absence of vertical winds is computed using a model and

Thitp://www.sparc.sunysb.edu/html/hres.html
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the radiosonde data. Air vertical velocity is then obtained by
subtracting the ascent rate in still air from the actual ascent
rate. Wang et al. discuss the advantages of this method over
other techniques aimed at deriving the air vertical velocity.
Their model for the ascent of a sounding balloon in still air
is based on the balloon’s momentum conservation equation.
From this equation, they obtain an expression of the balloon
ascent rate in still air as a function of the balloon volume
and of the drag coefficient. The balloon volume change with
altitude is computed from the balloon volume at ground by
assuming thermal equilibrium with ambient air at all times
during the ascent. The values of the drag coefficient — taken
as constant above 5 km altitude — and of the balloon volume
at ground are optimized for each flight so as to minimize the
median departure of the modeled ascent rate in still air from
the actual ascent rate.

Other ascent models have been developed for different
types of balloons, especially zero-pressure balloons (Musso
et al., 2004; Palumbo, 2007). These models often involve
a thorough treatment of the radiative and convective trans-
port of heat inside the balloon. The most advanced ones take
geometric factors and the variation of the balloon drag co-
efficient with altitude into account (Palumbo, 2007). These
models can, however, not be applied to the case of sound-
ing balloons, since they rely on empirical relations — relat-
ing for example the drag coefficient to the Reynolds and
Froude numbers — which are valid for zero-pressure bal-
loons only. As a matter of fact, the latter differ from the
sounding balloons with respect to at least two important
points: (2) their size and their payload weight are of the or-
der of 30 to 70 times higher, hereby providing them a much
stronger inertia and diminishing consequently their sensibil-
ity to atmospheric disturbances; and (b) their envelope is
not close to spherical but rather of a much more complex
shape, thereby significantly influencing the dynamics of their
drag coefficient.

In the present work, a model for the ascent of a sound-
ing balloon in still air is developed, going beyond the work
by Wang et al. (2009) by taking into account both the varia-
tion of the balloon drag coefficient with altitude and the heat
imbalance between the balloon and the ambient air. In or-
der to keep the mode! manageable, three major assumptions
are made. Firstly, the balloon is approximated by an almost
spherical bubble of gas, the latter being assumed to follow
the ideal gas law. This approximation subtends that the bal-
loon envelope is not resolved in the model, which implies
that the pressure inside and outside of the balloon are con-
sidered to be equal. It should be noted that the balloon shape
is not restricted to a perfect sphere so as to account for the
effect of the air flow around the balloon and the presence
of the payload. Secondly, it is assumed that the process re-
sponsible for the propagation of heat inside the balloon can
be described as diffusion. This comprises not only molec-
ular diffusion, but also convection and radiative heat trans-
fer, which are both assumed to be representable by diffusive
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laws. One consequence of this approximation is that only
night flights can be modeled accurately. Thirdly, the temper-
ature distribution inside the balloon is assumed to be spher-
ically symmetric. The permissibility of this approximation
is granted by the fact that deviations of the balloon shape
from spherical remain limited. Despite these assumptions,
the present model is expected to enable more precise balloon
trajectory forecasts and characterizations of the air vertical
velocity than other currently available models.

The theoretical background underpinning the balloon as-
cent model is developed in Sect. 2. In Sect. 3, the ascent
model is described in detail. Its evaluation and a discussion
of its application to the derivation of the air vertical velocity
are presented in Sect. 4. Section 5 provides a conclusion and
a discussion of potential improvements to the present model.

2 Theoretical background
2.1 Balloon ascent rate

The expression of the ascent rate of the balloon in still air is
derived from the balance between the “free lift”, Fr, and the
drag force, Fp (Wang et al., 2009). The free lift corresponds
to the net upward force acting on the balloon and is expressed
as the difference between the buoyancy force and the total
weight of the balloon (Yajima et al., 2009),

FrL = (0aV —nito1) g, Mm

where p, denotes the ambient air mass density, V the balloon
volume, 1ot the balloon total mass — namely the sum of the
respective masses of the balloon envelope, of the lifting gas
and of the payload — and g the acceleration due to gravity at
the surface of the Earth. The expression for the drag force in
still air reads

1
Fp= ECDPaSU:Z’ )

where cp refers to the drag coefficient, S to the reference area
and v, to the balloon ascent rate in still air. The reference area
can be chosen arbitrarily, so that ¢p is a priori not uniquely
defined for a given drag force. In this study, S is chosen as the
cross-sectional area of the sphere with same volume as the
balloon. This choice follows the standard definition of the
reference area for non-spherical objects (Loth, 2008). The
advantage of this choice is that the departure of the balloon
shape from spherical is entirely captured and described by
the drag coefficient only. Denoting by R the radius of the
volume-equivalent sphere, S and V can be written as: 7 R?
and (4/3)m R?, respectively.

The expression of v is obtained by equating Eqs. (1) and
),

8Rg 3mo
= (2RE (Mt ) 3
vz \/369 ( 4npaR3> ®)
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where V and S have been replaced by their respective ex-
pressions as a function of the volume-equivalent sphere ra-
dius, R, hereafter called “balloon effective radius.” Provided
that m o is known and that p, can be determined using ei-
ther a numerical weather forecast (in the case of Eq. (3) be-
ing used to forecast the balloon trajectory) or using the ra-
diosonde data recorded during the balloon ascent (in the case
of Eq. (3) being used a posteriori for the derivation of the
vertical air motion), the computation of v, from Eq. (3) still
requires the knowledge of R and ¢p. The balloon effective
radius, as a result of the decreasing ambient air pressure, in-
creases during the balloon ascent. If the expansion of the
balloon volume was treated as a purely adiabatic process, the
temperature difference between the ambient air and the bal-
loon would continue to increase with altitude, for the envi-
ronmental lapse rate is smaller than the adiabatic lapse rate.
As a consequence, heat transfer from the ambient air into the
balloon must also be taken into account if the variation of the
balloon volume with altitude is to be determined physically.
Heat transfer is resolved in the present case by solving the
radial heat diffusion equation inside the balloon with a pre-
scribed Dirichlet boundary condition at the balloon surface,
as discussed in more detail in Sect. 2.2. The dynamics of the
drag coefficient are discussed in Sect. 2.3,

2.2 Heat diffusion inside the balloon

The variation of the balloon effective radius (R) with altitude
results from both adiabatic expansion and heat transfer from
the surrounding air into the balloon. The heat flux at the
balloon surface is assumed to propagate inside the balloon
volume by means of diffusion (see Sect. 1). In our model ap-
plications we restrict heat diffusion to be only molecular; the
case where also eddy diffusion or convection are assumed to
take place is discussed in Sect. 5. The temperature distri-
bution inside the balloon, Ty(r,?), is assumed to be spheri-
cally symmetric and therefore to obey the radial heat diffu-
sion equation (Carslaw and Jaeger, 1959),
aT, (D)1 9 ( 28Tb)

RZr2ar\ or

- 4
ot R2 ¥2 9y “)

where (D) = («/(ppcp)) is the mean molecular heat diffu-
sion coefficient averaged over the balloon volume, r € [0, 1]
denotes the radial coordinate non-dimensionalized by the
balloon effective radius (R) and ¢ refers to time. The nor-
malization of the radial coordinate by R simplifies the dis-
cussion of the model in Sect. 3. In the expression for the
mean molecular heat diffusion coefficient, « refers to the lift-
ing gas thermal conductivity, which is a known function of
T;, (see e.g. Vargaftik et al., 1994, for the thermal conductiv-
ity of hydrogen and helium), pp, denotes the lifting gas mass
density, deduced from T;, and the pressure using the perfect
gas law, ¢, is the lifting gas specific heat capacity at con-
stant pressure, taken here as constant, and (-) refers to the
average over the balloon volume. Regarding the boundary
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conditions, the lifting gas temperature at the balloon surface
is assumed to be the same as the ambient air temperature,
viz. Tp(r = 1) = T,. At the balloon center, the heat flux is
imposed to vanish as a result of the symmetry of the problem,
viz. (374 /0r) =0 =0.

Equation (4) presents a simplification, because the work
and convection terms associated with the expansion of the
gas are not considered. This avoids the requirement of using
the mass conservation equation to close the system. It should
be noted that the suppression of the expansion terms is equiv-
alent to considering the gas as incompressible; in particular,
it implies that the balloon effective radius remains constant
while heat diffuses. This constraint is justified for the small
time intervals (0.3—1 s, see Sect. 3) over which heat diffusion
is evaluated using Eq. (4). At the end of each time interval,
both the temperature distribution and the balloon effective
radius are corrected to account for the gas expansion. The
correction procedure will be described later in Sect. 3.

The molecular heat diffusion coefficient is approximated
by its average over the balloon volume. This approximation
constitutes a correction to the fact that heat convection is not
taken into account in the present model. In addition, (D) is
assumed to be constant over time intervals of a few seconds.
This is granted because so short time intervals correspond to
just a few percent of the characteristic time of diffusion (see
discussion below). The assumption of constant (D) is par-
ticularly valuable since it turns Eq. (4) into a simple partial
differential equation.

Under these conditions Eq. (4) is amenable to an analytical
solution (Carslaw and Jaeger, 1959). The latter is expressed
as a Fourier series whose coefficients involve the computa-
tion of integrals over the radial coordinate r, requiring sig-
nificant computational effort. In the balloon ascent model,
we rather solve Eq. (4) numerically by the Finite Element
Method. For a description of the Finite Flement Method ap-
plied to the problem of heat diffusion, see e.g. Lewis et al.
(1996). The analytical solution is however useful in two dif-
ferent aspects. Firstly, it can be used to estimate the magni-
tude of the characteristic time of diffusion, T = R2 / (2D).
The estimate is calculated in Appendix A. It is found that t
decreases from ~ 900s at ground to ~ 300s at 30km alti-
tude, validating that the temperature distribution inside the
balloon varies little over time intervals of a few seconds.
Secondly, the analytical solution can be used to study the
convergence of the finite element solution in simple cases of
reference. Evidences for the convergence of the numerical
solution are provided in Appendix B.

2.3 Balloon drag coefficient

In this section, the dynamics of the drag coefficient of a per-
fect sphere are detailed first. These are then used as a basis
for the discussion of the drag coefficient of spheroids, aimed
at illustrating the case of almost spherical objects. From
these two steps, the current knowledge on the drag coefficient
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of objects placed in a cross-flow is found to be insufficient to
precisely model the balloon ascent. To compensate for this,
information on the drag coefficient of sounding balloons is
extracted from experimental flights in a third step.

2.3.1 Drag coefficient of a perfect sphere

As pointed out by numerous experimental studies (e.g., Son
et al., 2010), the drag coefficient of a perfect sphere is mainly
a function of two other dimensionless numbers, namely the
Reynolds number, Re, and the free-stream turbulence inten-
sity, Tu (see below). The Reynolds number is a measure of
the ratio of inertial energy, pav.2, to viscous energy, i1v,/R,
where 1 is the dynamic viscosity of the fluid. Consequently,
Re = paRv,/1v quantifies the relative importance of these
two types of energies for given flow conditions. In the case
of a sounding balloon, whose typical effective radius is of the
order of 1 m at ground and mean ascent rate of the order of
5ms~!, the Reynolds number decreases from ~8-9 x 10°
at ground to ~6-9 x 10* at 30 km altitude. In this range of
Reynolds numbers, the drag coefficient of perfect spheres
undergoes a sudden increase, referred to as the drag crisis,
as the Reynolds number decreases and experiences a transi-
tion from the super- to the sub-critical regimes (Vennard and
Street, 1976). The drag crisis is explained by a transition
of the boundary layer from turbulent to laminar as Re de-
creases, which advances the position of the boundary layer
separation point upstream at the surface of the sphere (Ven-
nard and Street, 1976). In summary, for a balloon ascend-
ing in the atmosphere the sequence of dynamical changes is
as follows: height increases — air density decreases — Re¢
decreases — boundary layer turns from turbulent to lami-
nar — boundary layer detachment point advanced upstream
at the surface of the balloon — drag coefficient increases.
According to Achenbach (1972), the critical Reynolds num-
ber at which the drag crisis occurs, lies in the range 3.5-
3.8 x 107 in the case of a negligible free-stream turbulence
intensity (Tu = 0.45%). His experimental curve obtained
from a rigid sphere held fixed in space in a cross-flow wind
tunnel is partly reproduced in Fig. 1. It can be observed that
in the super-critical regime (Re > 3.5 x 10°) the drag coef-
ficient slightly decreases from its starting value of ~0.1 at
Re =106, then rapidly increases during the drag crisis, be-
fore stabilizing in the sub-critical regime (Re < 3.5 x 10%)
where it remains almost constant at a value of ~ 0.5.

The free-stream turbulence intensity, Tu, is defined as the
ratio of the standard deviation of the incident air velocity
fluctuations to the mean incident air velocity (e.g., Son et al.,
2010). Contrary to Re, Tu is purely a property of the fluid.
As the free-stream turbulence intensity is increased, the crit-
ical Reynolds number is observed to shift to lower values
(Son et al., 2010). This is explained by the turbulence in-
tensity delaying the boundary layer transition from turbulent
to laminar, hereby leading to a drag crisis at lower Reynolds
numbers. The experimental drag curves of Son et al. (2010)
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Fig. 1. Drag coefficient of a sphere as a function of the Reynolds
number: Tu=045%(---- - ), data from Achenbach (1972); Tu =
4% (0), Tu=6% (), Tu=28%(A), data from Son et al. (2010).

characteristic for a sphere held fixed in space at three differ-
ent Tu values are also reproduced in Fig. 1, where the term
“drag curve” refers to the curve of cp as a function of Re at
given Tu. It can be observed that a level of free-stream turbu-
lence as low as 4 %, which is a typical value of the turbulence
intensity of the free troposphere (e.g., Hoyle et al., 2005), is
sufficient to decrease the value of the critical Reynolds num-
ber by more than 50 % as compared to the turbulence-free
curve, leading to a decrease of ¢p by as much as 70 % in the
range of Reynolds numbers 2-3 x 10°, Likewise, the varia-
tion of cp between the drag curvesat Tu =4 % and Tu = 6%
may reach more than 40 % depending on the Reynolds num-
ber. It is concluded that the drag curve of a perfect sphere is
extremely sensitive to the level of free-stream turbulence.

2.3.2 Drag coefficient of a spheroid

For a spheroid, the drag coefficient dependence on Re qual-
itatively resembles that of a perfect sphere as a result of
the similarity of both shapes (Loth, 2008). In particular,
also the drag coefficient of a spheroid is a function of Re
and Tu. It is expected to tend to the value for a perfect
sphere as the respective lengths of the principal axes of the
spheroid converge to the same value. Thus, the drag coef-
ficient of a spheroid also depends on the departure of the
spheroid shape from a perfect sphere. This departure is mea-
sured in terms of the aspect ratio, E, defined as the ratio
of the length of the vertical symmetry axis to that of the
horizontal axes of the spheroid. For example, Loth (2008)
reports that the drag coefficient of an oblate spheroid with
E =0.5 is about twice that of the volume-equivalent sphere
for 2 x 103 < Re < 3 x 10° and negligible Tu.
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To the best of the authors’ knowledge, Eric Loth (2008)
is the only author to report experimental investigations of
the drag coefficient of spheroids at very high Reynolds num-
bers (Re > 10%). He unfortunately considers only one single
value for the aspect ratio, namely E = 0.5. He also does not
investigate the influence of the free-stream turbulence inten-
sity on the drag curve. More importantly, his study does not
extend beyond Re >3 x 10°, which leaves the entire super-
critical regime unexplored to date. It should be noted that
these last two limitations do not apply only to the work of
Loth on the drag coefficient of spheroids, but also to all stud-
ies published to date on the drag coefficient of non-spherical
objects. To compensate for this lack of knowledge, and since
parameters other than Re, Tu and E — such as unsteadiness
or turbulence intensity length scale — are also known to af-
fect the drag coefficient (e.g. Wang et al., 2009; Neve, 1986),
an attempt is made here to derive a mean experimental drag
curve for sounding balloons, based on a dataset of balloon
flights. This attempt is expected to resolve also another prin-
cipal complication, namely the fact that experimental inves-
tigations of drag coefficients normally let a heavy body fall
freely in a viscous fluid or hold a solid body fixed in space
and then expose it to a flow of the surrounding medium,
e.g. in a wind tunnel. In such experiments detaching vor-
tices in the wake of the particle affect very little the motion
of the body, whose mass, due to the setup, appears to be ex-
tremely high. In contrast, a sounding balloon, whose mass is
only a small fraction of that of the displaced air, is severely
affected by the detaching vortices. As such, the analysis of
a dataset of observed ascents appears to be the best way for-
ward at the present time.

2.3.3 Procedure for the derivation of a drag curve for
sounding balloons from experimental flights

The dataset is chosen from the flights which took place at
Lindenberg (Germany) in 2008 during the Lindenberg Upper
Air Methods Intercomparisons (LUAMI) flight campaign,
whose main aim was to compare different airborne water-
vapor sounding methods (Immler, 2008). During the cam-
paign, the masses of the payload (including the parachute)
and the balloon envelope were measured before each flight,
as well as the uplift mass; this allows for the balloon total
mass, my, and the balloon radius at ground, R(z =0), to
be calculated. It should be mentioned that the uplift mass is
defined as the value of the payload mass for which the free
lift is equal to zero (see Sect. 2.1). Respective uncertainty er-
rors of +100 g and 200 g in the measurements of the uplift
and payload masses cannot be excluded, which in tum result
in respective uncertainties of £200g and £1072m in ny
and R(z = 0). During the flights, air temperature and pres-
sure were measured every second by the radiosondes. The
balloon altitude was also recorded at the same frequency by
a GPS on board the radiosondes. Of the 27 balloons launched
during the campaign, only the 15 released at night are kept in
this analysis to enforce the assumption of negligible radiative
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Fig. 2. Derivation of the experimental drag curve from LUAMI flight L007 launched on 7 November 2008 at 22:45 UTC. (a) The 60 s-low
pass filtered ascent rate profile derived from the GPS data (—), and its mollified version using ¢ =4 km (- ); (b) experimental drag curve
derived using the procedure described in Sect. 2.3 (+). The curves of Achenbach (1972) and Son et al. (2010) for a perfect sphere are

reported here for comparison (see Fig. 1).

heat transport into the balloon. A further selection is made
removing five flights, three presenting strong evidence of de-
fect (error in the reported value of the measured uplift mass
or in the recording of the flight data) and two using a different
type of sounding balloon. The dataset is therefore left with
ten flights in total, all of which used the same type of sound-
ing balloon, namely the TX1200 balloon from the Japanese
company Totex.?

In order to derive a drag curve for sounding balloons from
each of the ten selected experimental flights, the drag coef-
ficient is calculated from Eq. (3) every minute of each flight
as a function of v,, R and p,. To this end, the balloon radius
is computed using the algorithm presented in Sect. 3, and
the air mass density is determined from the 60-s low pass
filtered atmospheric temperature and pressure data recorded
during the balloon ascent. The challenge lies in the estima-
tion of v, as only the ascent rate with respect to the ground,
Uz, can be deduced from the radiosonde GPS data. The as-
cent rate in still air corresponds to the vertical velocity mea-
sured with respect to ambient air, which cannot be directly
retrieved from the measurements. Thus, only an estimate of
v, can be obtained by smoothing the profile of v, as a func-
tion of altitude. This procedure is based on the assumption
of vertical air motion having a normal distribution with near-
zero mean value (Wang et al., 2009). The smoothing process
is performed by convoluting the vertical profile of v, , with
the mollifier ng(z), where

(c/e)exp[e?/ (2 —€?)] ifze[—e,el,
ne(z) = [ ] . 5)
0 otherwise,

and the constant ¢ is chosen to ensure the unity of the integral
of ne (Salsa, 2008). The parameter ¢ controls the spatial scale
on which the profile of v, ; is smoothed. A value of ¢ =4 km

Zhttp://www.totex jp
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is chosen here so as to ensure that gravity waves, whose typi-
cal vertical wavelengths are 2—5 km in the lower stratosphere
(Fritts and Alexander, 2003), are properly removed from the
measured ascent rate by the smoothing process. Other val-
ues (¢ =2 km and ¢ = 5 kim) have been investigated, but with
negligible influence on the derived experimental drag curve
(not shown).

An example of balloon ascent rate profile and of its asso-
ciated mollified version is shown in Fig. 2a. The profile is
observed to present an overall S-shape, which is typical for
sounding balloons and can be simply explained by Eq. (3).
Due to the diffusion of heat inside the balloon, the difference
between the mean balloon temperature and the atmospheric
temperature remains approximately constant over the tropo-
sphere and the stratosphere separately (not shown). Under
this condition, it can be shown that the expression of v, in
Eq. (3) is proportional to the —1/6 power of the atmospheric
density (Yajima et al., 2009). This accounts for the fact that
the balloon ascent rate increases with altitude over the tro-
posphere and the stratosphere separately. The decrease in
the ascent rate at the tropopause results from the sudden in-
crease in the potential temperature. This can be interpreted as
the balloon being suddenly colder than its environment and
therefore decelerating, until its temperature difference with
the surrounding atmosphere stabilizes and its ascent rate in-
creases again as the —1/6 power of the atmospheric density.
The decrease of the ascent rate above 25 km altitude observed
in Fig. 2a is thought to result from another process. Shortly
before bursting, the envelope of the balloon presents bubbles
and excrescences on its surface due to an inhomogeneous dis-
tribution of the envelope material. This is expected to sub-
stantially increase the drag coefficient and consequently be
at the origin of the balloon deceleration.

The drag curve corresponding to Fig. 2a and obtained by
the aforementioned procedure is depicted in Fig. 2b. As
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expected from the aspherical shape of the balloon, this curve
is observed to deviate significantly from those by Achenbach
(1972) and Son et al. (2010) for a perfect sphere. However,
the balloon drag curve presents a qualitative shape similar to
the curves by Son etal. at Tu = 6 % and Tu = 8 %. This sug-
gests that the turbulence intensity of the atmosphere is of the
order of 6 % to 8 %, which is in the range of typical values for
the free troposphere reported by Hoyle et al. (2005). Com-
parison of the balloon drag curve with the curves by Son et al.
reveals that the drag coefficient of the balloon is on aver-
age three times higher than the one of its volume-equivalent
sphere. This difference cannot be solely explained by the
asphericity of the balloon. Indeed, Loth (2008) reports an
increase of only 100 % in the drag coefficient of a spheroid
with E = 0.5 as compared to a perfect sphere in the range
of Reynolds number 0.5-3 x 10° and at negligible Tu. The
magnitude of this increase is expected to remain of roughly
the same order at Tu > 0, while reducing with higher values
of E. Therefore, the increase in ¢p due to the limited depar-
ture of the balloon shape from spherical is clearly less than
a factor of 2. This leaves part of the observed discrepancy
between the balloon’s and the perfect sphere’s drag curves
unexplained. Mainly three mechanisms are thought to be re-
sponsible: the pendulum effect of both the parachute and the
payload attached to the balloon (Wang et al., 2009), the de-
formation of the balloon shape through the propagation of
waves on its elastic envelope and the generation of vorticity
in the wake of the balloon.

Regarding the latter mechanism, Govardhan and
Williamson (2005) report the observation of two vortex
threads detaching periodically from behind spheres placed in
a cross-flow. In their experiments, the spheres are attached
with a single tether to the upper wall of the wind tunnel so
as to let them free to move in the horizontal plane (in both
the directions parallel and perpendicular to the flow). The
authors elegantly demonstrate that the periodically detaching
vortex threads exert an oscillating force on the spheres in
a direction transverse to the flow. Yet, Veldhuis et al. (2009)
demonstrate that this force is usually not restricted to the
plane transverse to the flow in the case of buoyant spheres
rising freely in a Newtonian fluid. As a consequence, the
component of this force in the direction of the spheres’
motion is non-zero, which results in a so-called /ift-induced
drag. The latter adds to the drag predicted from the curves
by Achenbach (1972) or Son et al. (2010) for a sphere held
fixed in space. Thus, Veldhuis et al. estimate the apparent
¢p of spheres rising freely to be higher by a factor 1.5
to 2 than expected from the standard drag curves alone.
Unfortunately, the range of Reynolds number they consider
is limited to the interval 1-2 x 103. However, we expect the
generation of a lift-induced drag to be significant also for
higher values of Re, and even more so for buoyant objects
with non-spherical shape. This may account for a significant
fraction of the unexpected drag depicted in Fig. 2b.
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From a physical point of view, the balloon drag curve pic-
tured in Fig. 2b is supported by the specifications of the bal-
loon manufacturing company, according to which the balloon
drag coeflicient at Re ~ 5-8 x 10° is in the range 0.2-0.3.
Furthermore, this curve is in good agreement with the ob-
servations of Mapleson (1954), who reports an increase of
up to 400 % in the drag coefficient of sounding balloons as
compared to a perfect sphere for 1.3 x 10° < Re <7 x 10,

2.3.4 Reference drag curve for sounding balloons

The drag curves derived from the ten LUAMI flights all
present the same qualitative behavior as the curve described
above. However, there are systematic offsets in cp amongst
these ten drag curves in the range +25 %, corresponding to
£0.15 absolute units in ¢p, as shown by the light gray curves
in Fig. 3. We must attribute part of these offsets to errors in
the estimated uplift and payload masses, i.e. in the prepara-
tory measurements before each balloon launch during the
LUAMI campaign. Indeed, an error of 100 g in the uplift
mass shifts the corresponding drag curve by 6 % through its
effect on the values of R(z =0) and m, (not shown). Sim-
ilarly, an error of 200 g in the payload mass would result in
a shift of 7% in the balloon drag curves. Therefore, such er-
rors might explain about half of the observed offsets in ¢p.
The other half might be due to differences in the manufactur-
ing process of the individual balloons, as invoked by Maple-
son (1954) to explain the divergence of his results. While we
cannot correct for these unknown differences in the manufac-
turing process, the confidence ranges of the uplift and pay-
load masses can be taken into account in order to reduce the
spread of the drag curves. To this end, R(z = 0) and mo are
adjusted within their accepted confidence ranges, minimiz-
ing the mean-square difference between the drag curves. The
ten drag curves with adjusted offsets are pictured in green in
Fig. 3. They are then titted by a second-order polynomial in
order to retrieve the single reference drag curve (blue line),
which will be used in Sect. 3 to derive the balloon ascent rate
in still air:

¢p =4.808 x 1072 (InRe)? — 1.406 In Re + 10.490. (6)

The mean standard deviation of the ten experimental curves
with respect to the polynomial fit is equal to 4.1 x 1072,
Therefore, the values of the drag coefficient derived from the
reference curve must be considered to have an uncertainty
error of approximately £0.04.

Several important aspects of Eq. (6) should be stressed.
First, the expression of the drag coefficient is observed not
to depend on the turbulence intensity of the atmosphere.
This results directly from the impossibility to determine Tu
to the necessary precision from balloon flights, and implies
that Eq. (6) accounts only for the mean profile of the atmo-
spheric turbulence intensity. Deviations from this mean pro-
file, such as the generation of turbulence intensity through
gravity wave breaking, cannot be taken into account by the
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Fig. 3. Derivation of a reference drag curve for sounding balloons.
( ) Experimental drag curves derived from the ten LUAMI bal-
loon flights; () same but with adjusted values for R(z =0) and
myor; (—) fit to the ten experimental drag curves using a second-
order polynomial (Eq. 6). The curves of Achenbach (1972) (dashed)
and Son et al. (2010) (symbols) for a perfect sphere are shown for
comparison (see Fig. 1).

model. Second, Re in Eq. (6) is a function of the balloon as-
cent rate (see Sect. 2.3.1). As a consequence, fluctuations in
the balloon vertical velocity are explicitly taken into account
in our drag calculation. Finally, it should be emphasized that
Eq. (6) is valid only for TX1200 balloons launched at night.
However, the procedure described above could be applied to
any set of soundings featuring the required data. We have for
example derived a reference drag curve for the two TX2000
balloons launched at night during the LUAMI campaign, and
which were removed from the original dataset of night flights
in Sect. 2.3.3. As compared to the TX1200 balloons, the val-
ucs of the drag cocfficient have been observed to be lower
in the troposphere and much higher in the stratosphere (not
shown), hereby pointing to the significant impact of the bal-
loon shape on the drag curve.

3 Balloon ascent model

The balloon ascent model developed in this work aims to de-
termine the ascent rate of sounding balloons in still air as
a function of time. The model’s time step is denoted by At
in the following and the corresponding increase in the bal-
loon altitude by Az; the two are related through the relation
Az =v,At+ O(A1?).

A single step of the model comprises two parts:

1. the computation of the balloon effective radius and ra-
dial temperature distribution at time ¢ + Ar knowing
their values at time ¢; and
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2. the simultaneous determination of the drag coefficient
and the balloon ascent rate in still air at time £ + At from

Eq. 3).

For convenience of the reader, the computations performed
in these two parts — to be detailed below — are summarized
under the form of a pseudo-code in Fig. 4.

In order to increase the accuracy of the balloon’s effec-
tive radius computation, part 1 uses substeps to resolve the
balloon effective radius at intermediate times between ¢ and
t + At. The intermediate times are computed using a sub-
time step, 8¢, chosen as a fixed fraction of the characteristic
time of diffusion. This ensures that Eq. (4) is solved using
a constant normalized time step, §#/t, during the whole bal-
loon ascent. In the following discussion, let {#,},=1,. ~ be
the set of intermediate times between t and ¢ + Af, where
t, =t+nét and N is the number of intermediate steps. In
a single substep of part 1, the balloon effective radius at time
ty41 is computed from the balloon effective radius at time 7,
in three stages (see left panel of Fig. 4):

(i) Adiabatic expansion of the balloon (pictured in Fig. 5a).
In this stage, the balloon is considered to ascend from
altitude z(t,,) to altitude z(#,+1). Let R* and T,* denote
respectively the balloon effective radius and tempera-
ture distribution inside the balloon after the adiabatic
expansion has taken place. Assuming that the pres-
sure remains uniform inside the balloon and equilibrates
with the ambient atmospheric pressure during the pro-

cess,
/3y
() \ Y
Tb* (r)= (pl(t;r_;,_)])-) To(r,ta), (8)

where y = cy /c, > 1 is the adiabatic index of the lift-
ing gas (cy is the lifting gas specific heat at constant
volume) and Eq. (8) is valid for all r €{0,1]. In the
right-hand side of Eq. (8), r denotes the radial coordi-
nate normalized by R(f,), whereas in the left-hand side
it is normalized by R*.

(i) Heat diffusion inside the balloon at constant pressure
(pictured in Fig. 5b). As stated above in Sect. 2.2,
this stage assumes the lifting gas to be incompress-
ible; as a consequence, the balloon volume remains
constant during the diffusion of heat. The mean heat
diffusion coefficient is computed from the temperature
distribution T,* obtained in stage (i). Assuming that
(D) remains constant, Eq. (4) is then solved numeri-
cally by the Finite Elenent Method using a time step of
8t =t,41 —1t,. T is chosen as the initial temperature
distribution, and the temperature at the balloon surface
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where
F(n0) =T*(r) relo,1]
af _
P s 0 t € 0,61

f(1.6) = Ty(tat1) ¢ €[0,01]

e Define T,(r) := f(r,61), re[0,1]

!

rStep (iii): Correction of R* and T;,'

increment f

e Compute the corrected normalized radial

coordinate:
rTbT('j) 2 9.t e
F(r)= ““dr 0,1
F(r) (3 { Tb*(ﬂ)’ dr , refo,1]
e Compute the corrected balloon effective €
radius:

Rltas1) = (1R

e Compute the corrected temperature
distribution:

To(F/F(1),ta01) =R (r), re[0,1]

L— increment i (until n = N + 1) s

Fig. 4. Schematic representation of the different steps of the model. The notation is introduced in Sect. 3.
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> ¥

0 1

Fig. 5. Schematic representation of the three stages used in part | of the model to compute the balloon effective radius at time £, from the
balloon effective radius at time #,. The upper panel shows the evolution of the balloon altitude and effective radius at each step, the lower
panel indicates the corresponding changes in the temperature distribution inside the balloon. The notation used in the figure is introduced
in Sect. 3. (a) Adiabatic expansion of the balloon from altitude z(1;) to altitude z(t,11). (b) Heat diffusion inside the balloon at constant
pressure. (¢) Correction to the balloon effective radius and temperature distribution.

(iii)

is kept constant and equal to 73(,+1). The temperature
distribution at the end of the diffusion process is denoted
by Tyl

Correction to the temperature distribution and balloon
effective radius (pictured in Fig. 5¢). To compensate
for the above assumption of gas incompressibility dur-
ing the diffusion of heat, TbJr and R* are corrected in
this stage. To this end, let & be a spherical shell con-
centric to the balloon and whose normalized radius and
infinitesimal thickness are denoted by » {(r < 1) and dr,
respectively. The temperature of S is known from step
(ii) to be TbT(r). Given this configuration, the aim is to
find the normalized radius and thickness, respectively
denoted by r and dr, that S would have had if it had
been let expand in step (ii). In such a case, its tempera-
ture would still have increased from Ty,*(r) to Tyf(r) as
a result of heat diffusion. On the other hand, its pressure
would have remained constant and equal to p,(t,+1),
while its volume would have increased from 47 72dr to
47 72dF. Using the ideal gas law in association with the
conservation of gas moles inside S,

Axr?dr B A7 F2dF
To*(r) Tt

©)

In this equation, 7 is understood as a function of the un-
corrected normalized radius r. Integrating Eq. (9) with
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respect to r,

") o\
- =3 /2d ’ ) 10
F(r) ( /O o) r) (10)
It must be emphasized that both 7 and r are normalized
by the balloon effective radius R* resulting from step

(i). Thus, the corrected balloon effective radius at time
ty+1 is given by

R(ty+1) =F(D R, (11)

and the corrected balloon temperature distribution at
time ¢, 41 reads

To(F/F (D), tur1) = To' (), (12)
where 7(1) is evaluated from Eq. (10).

Stages (i)~(iii) are repeated N + 1 times until the balloon ef-
fective radius at time ¢ + At is evaluated. This terminates
part 1 of the model.

In part 2, Eq. (3) is used to compute the balloon ascent
rate in still air at time ¢ + At (see right panel of Fig. 4). The
required air mass density is determined from the ambient at-
mospheric temperature and pressure, and the result obtained
in part 1 is used for the balloon effective radius. The drag co-
efficient is determined from the reference second-order poly-
nomial drag curve shown in Fig, 3. To this end, an estimation
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of the Reynolds number at time ¢ + At is derived from the
balloon ascent rate at time . The estimated Re is then re-
ported in the drag curve to estimate the drag coefficient. By
inserting the latter in Eq. (3), a first estimate of v,(t 4+ At)
is obtained, which is subsequently used to refine the initial
estimate of Re. This generates a loop, which is iterated until
the convergence criterion is satisfied, namely until the rela-
tive variation of the ascent rate between two successive loops
is less than 5 x 10™% %. At the end of part 2 of the model, the
values of both ¢p and v, at time ¢ + At are known.

The vertical profile of the balloon ascent rate in still air
is derived by going through parts 1 and 2 of the model at
each time step. The value of At is fixed here to 1 min, which
corresponds to a vertical resolution of ~ 300 m. Based on
a trade-off between computational time and the convergence
study presented in Appendix B, the choice §r = 10737 is
made, T being computed at each step of the model. This
results in a number of substeps (V) increasing from ~ 60 to
~ 180 between ground level and 30 km altitude.

To reflect the uncertainty in the reference drag curve (see
end of Sect. 2.3), three different runs of the model are rec-
ommended. The first run, corresponding to the reference
case, uses the reference drag curve itself to calculate the most
probable profile of the balloon ascent rate in still air. The two
additional runs are aimed at determining the range of uncer-
tainty in this profile. To this end, they are based on instances
of the reference drag curve shifted along the cp-axis by —o.p
and +o, respectively, where o, = 0.04 denotes the uncer-
tainty in the values of the drag coefficient derived from the
reference drag curve (see Sect. 2.3).

In case the model is run affer the balloon flight, advan-
tage can be taken of the data collected during the ascent to
improve the model in two respects. Firstly, the ascent rate
derived from the GPS data can be used to correct the refer-
ence drag curve. The procedure consists in shifting the latter
along the cp-axis so as to minimize the mean-square differ-
ence between the measured and modeled ascent rate profiles.
This process is based on the assumption that the vertical wind
follows a normal distribution with near-zero mean value, as
supposed by Wang et al. (2009). Secondly, the uncertainty in
the values of the drag coefficient derived from the shifted ref-
erence drag curve can be narrowed down. This uncertainty
has been estimated for the general case in Sect. 2.3, where
it has been defined as the mean standard deviation, o, of
the difference between the experimental drag curves and the
reference drag curve. In case the model is run after the ac-
tual flight, the experimental drag curve associated with the
flight can be computed following the procedure described in
Sect. 2.3. Only this experimental curve — instead of the ten
of Fig. 3 —is then used to estimate the uncertainty in the val-
ues of ¢p derived from the shifted reference drag curve. This
uncertainty, denoted by o/, corresponds to the standard de-
viation of the difference between the experimental drag curve
associated to the flight and the shifted reference drag curve.
It is observed that o7 is generally lower as compared to o,.
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4 Model evaluation and potential application
4.1 Model evaluation

Due to the lack of available flight data with precisely mea-
sured uplift and payload masses, the validating set consid-
ered in this section is composed of the same ten LUAMI
night flights used in Sect. 2.3 to derive the reference drag
curve. Following the procedure described in the previous
section, the latter is corrected for each flight so as to mini-
mize the departure of the modeled ascent rate from the mea-
sured one. It should be noted that this section does not con-
sider the payload and uplift masses measured before each
flight during the LUAMI campaign, but rather the adapted
values of these masses calculated in Sect. 2.3 to reduce the
spread in the experimental curves.

An example of adapted drag curve is pictured in
Fig. 6a; the corresponding profile of the balloon ascent rate
in still air is shown in Fig. 6b. In this case, the correction of
the reference drag curve allows for the decrease of the dis-
crepancy between the modeled and measured ascent rates by
~0.4ms™! below 10km altitude. On the other hand, the
balloon ascent rate in still air derived from the corrected ref-
erence drag curve appears to be overestimated in some re-
gions, mostly in the lower troposphere below 2 km altitude
and just below the tropopause between 10 and 12 km alti-
tude. In these two altitude intervals, the Reynolds number is
7.5-8.5 x 10° and 4-5 x 10°, respectively. As such, the ap-
parent over-estimations of the ascent rate are related to the lo-
cal maxima of the experimental drag curve at Re = 8.5 x 10°
and Re =4 x 10°, respectively, which are unaccounted for by
the (corrected) reference drag curve (see Fig. 6a). The latter
considers lower drag coefficient values than the experimen-
tal drag curve at these Reynolds numbers, hereby leading to
a lower drag force and consequently to a larger ascent rate
in still air than expected from the smoothed observations.
It must be emphasized that these apparent over-estimations
of the ascent rate in still air may actually result from a lo-
cal downward air motion affecting both the measured ascent
rate and the experimental drag curve. Such a downdraft of
the air would indeed slow down the actual ascent of the bal-
loon and consequently increase its apparent drag coefficient,
which could explain the observed difference between the ref-
erence and experimental drag curves. This could particu-
larly be the case between 10km and 12 km altitude, where
the measured ascent rate is observed to drop below the lower
uncertainty limit of the modeled ascent rate, hereby indicat-
ing a probable downward air motion. On the contrary, it is
more likely that the overestimation of the ascent rate below
2 km altitude is due to the inaccuracy of the (corrected) refer-
ence drag curve. It should be mentioned that the presence of
an unwinder between the balloon and its payload during the
actual flight can be held responsible for part of the overesti-
mation by the model. The unwinder — whose role is to pro-
gressively increase the length of the cable linking the payload
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Fig. 6. Evaluation of the model on LUAMI flight L003b launched on 5 November 2008 at 22:45 UTC. (a) Corrected rfeference drag curve
() obtained by shifting the reference drag curve (—, see Fig. 3) by —0.03 along the cp-axis. The experimental drag curve derived from
the flight is indicated by the green crosses. The curves by Achenbach (1972) and Son et al. (2010) for a perfect sphere are reported here for
comparison (see Fig. 1). (b) Vertical profile of the balloon ascent rate in still air derived from the corrected drag curve (—), and the lower and
upper limits of its range of uncertainty ( ). The ascent rate in still air derived from the non-corrected reference drag curve (solid purple
curve in panel (a)) is indicated here for comparison (), along with the 60 s-low pass filtered ascent rate calculated from the GPS data (—).

to the balloon — remains active during the first 60 to 120 s of
flight. Since the final length of the cable is about 50 m, this
implies that the unwinder reduces the ascent rate of the pay-
load as compared to that of balloon by 0.5 to 1 ms™} in the
lowermost 300 to 600 m of the ascent, which explains the
lowermost part of the discrepancy between the modeled and
the measured vertical velocities. No sharp conclusion can
however be drawn regarding the precision of the model since
the air vertical velocity was not measured independently dur-
ing the LUAMI campaign.

The range of uncertainty in the ascent rate profile is ob-
tained from the two additional runs of the model based on the
reference drag curve shifted by +o/7 and —o’ along the cp-
axis, respectively, where o/ denotes the standard deviation
of the difference between the corrected reference drag curve
and the experimental drag curve (see end of Sect. 3). In the
case of the example pictured in Fig. 6, o, = 0.03. The cor-
responding uncertainty in v, is shown in panel (b) of the fig-
ure; it is observed to decrease significantly when crossing the
tropopause (z = 12 km) while remaining globally constant
over the troposphere and the stratosphere separately. This
suggests the use of two different uncertainty ranges, the first
one associated with the troposphere and the second one with
the stratosphere. Averaging the uncertainty in v, below and
above the tropopause, respectively, it is found that the bal-
loon ascent rate in still air is defined up to an additive factor
of £0.4ms~! in the troposphere, while this factor reduces
to £0.2ms™! in the stratosphere. The uncertainty error in
v; therefore decreases by a factor of ~ 2 when crossing the
tropopause.
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Evaluation of the model on the nine remaining LUAMI
flights results in observations similar to those described
above. The uncertainty in the modeled ascent rate aver-
aged over the whole dataset is ~ 0.5 m s~ in the troposphere
and ~0.2ms™! in the stratosphere. As a consequence, it
is assumed that the present model calculates the balloon as-
cent rate in still air with uncertainties of £0.5ms™" and
+0.2ms~! below and above the tropopause, respectively,
in the case where the flight data can be used to correct the
reference drag curve. In comparison, Wang et al. (2009)
model the balloon ascent rate in still air with an uncertainty
of +0.9ms™!. On top of its increased accuracy, the present
model enables the fairly good derivation of the ascent rate be-
low 5 km altitude, contrary to the model by Wang et al. which
systematically underestimates the ascent rate in this altitude
range. As an example, a comparison of the two models on
a particular flight is pictured in Fig. 7a. The present model is
observed to be in greater agreement with the smoothed ob-
servations, particularly in the troposphere (z < 12 km). This
results in the altitude of the balloon as a function of time be-
ing modeled more accurately, as shown in Fig. 7b.

In the case where the flight data are not available to correct
the reference drag curve (e.g. in forecasting applications),
the uncertainty in the latter is higher; in particular, its as-
sociated values of the drag coefficient are determined up to
a precision of %oy = +0.04 (see Sect. 2.3). Similarly to
above, the corresponding uncertainty in the modeled ascent
rate is obtained by computing the difference between the pro-
file derived by the first run of the model and the two addi-
tional profiles based on the reference drag curve shifted by
~+0¢p and —o,, along the cp-axis, respectively. The average
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Fig. 7. Comparison of the predictions by different models with data measured during the balloon ascent in the case of LUAMI flight L00S
launched on 6 November 2008 at 22:45 UTC. Measured data (—); predictions by the present model based either on the shifted reference
drag curve (—) or on the reference drag curve itself ( ); predictions by the model by Wang et al. (2009) (- ); predictions by the model
by Engel (2009) (—). (a) Vertical profile of the balloon ascent rate. (b) Altitude of the balloon as a function of time.

over the ten LUAMI flights estimates the uncertainty in the
modeled ascent rate to be 0.6 ms~! in the troposphere and
+0.3ms™! in the stratosphere in this case. These uncer-
tainty ranges are slightly larger than in the case where the
reference drag curve can be corrected; they however remain
smaller than those of the model by Wang et al. (2009). As
pictured in Fig. 7a, the absence of correction to the refer-
ence drag curve may result in a systematic offset of the most
probable ascent rate derived from the first run of the model
as compared to the measured ascent rate. This is thought to
result from differences in the manufacturing process of the
individual balloons, responsible for an unpredictable varia-
tion of the drag coefficient from one balloon to the other, as
mentioned previously in Sect. 2.3. In practice, this implies
that the present model may systematically over or under
estimate the balloon altitude as a function of time when used
to forecast the balloon trajectory, as can be observed for ex-
ample in Fig. 7b. The magnitude of the systematic error in
the modeled ascent rate is bounded by the aforementioned
limit of the uncertainty in v, namely 0.6ms~! in the tro-
posphere and 0.3ms™! in the stratosphere. It should be
mentioned that the current accuracy of the drag coefficient
is closely linked to the LUAMI flight data set used for the
derivation of the drag curve. Extending this analysis to more
soundings with carefully recorded payload and uplift masses
is therefore highly desirable.

The present model based on the (non-corrected) reference
drag curve proves a better forecasting tool than the one by
Engel (2009), which assumes for simplicity a constant ascent
rate of 5ms™!. As a matter of fact, the error in the calculated
balloon altitude at burst time, averaged over the ten LUAMI
flights, is 1.4 km when using the present model as opposed
to 2.7 km when using the model by Engel (not shown). The
predictions of the two models can be compared on the par-
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ticular example of Fig. 7a. It is observed that, despite its
systematic offset, the present model based on the reference
drag curve matches more precisely the overall profile of the
measured ascent rate. This results in the altitude of the bal-
loon as a function of time being forecasted more accurately
by the present model, as shown in Fig. 7b.

4.2 Derivation of the vertical air motion

Given the above evidence for the model accuracy, the present
section aims at illustrating an application: vertical air motion
is estimated from the data collected during LUAMI flight
L003a launched on 11 November, at 22:45 UTC. To this end,
the balloon ascent rate in still air is calculated according to
the model and then subtracted from the measured balloon as-
cent rate, as pictured in Fig. 8. The resulting profile of the
air vertical velocity shown in panel (b) is difficult to validate
owing to the same limitation as already encountered by Wang
et al. (2009), namely the “lack of coincident [vertical veloc-
ity] data from other measurements.” In an attempt at com-
pensating for this lack, the potential temperature lapse rate
measured during the flight is taken as an approximate proxy
for the vertical velocity. Indeed, in a first approximation, air
parcels advected upwards cool down adiabatically on small
spatial scales. As a consequence, their potential tempera-
ture, 6,, remains approximately constant on such scales. We
therefore expect the vertical profile of the potential tempera-
ture lapse rate, d6,/dz, to present sharp decreases in regions
of vertical updraft. Conversely, we expect the potential tem-
perature lapse rate to increase significantly in regions of ver-
tical downdraft, where air parcels of higher altitude and with
larger potential temperature are advected downwards. Thus,
in a first approximation, the profiles of the estimated vertical
velocity of air and the potential temperature lapse rate should
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Fig. 8. Air verlical velocity during LUAMI flight L003a launched on 5 November 2008 at 22:45 UTC. (a) Balloon ascent rate in still air as
calculated from the model (—); actual balloon ascent rate derived from the GPS data (—). (b) Air vertical velocity obtained by subtracting
the ascent rate in still air from the actual ascent rate (), and the upper and lower limits of its associated range of uncertainty ( )
deviations of the potential temperature lapse rate from its still air value, derived from the atmospheric temperature recorded during the
balloon ascent (—). The vertical velocities derived by Hoyle et al. (2005) from aircraft measurements are indicated here as thin gray lines
for comparison: typical gravity-wave fluctuations, £0.3 m s7Heo) strong fluctuations representing less than ~ 2 % of all wave occurrences,

+lms™! ( ).

present evidences of anti-correlation. This reasoning is nev-
ertheless limited, since temperature fluctuations can be sensi-
tive to both low- and high-frequency gravity waves, whereas
vertical velocity fluctuations are more affected by higher-
frequency gravity waves (Lane et al., 2003; Geller and Gong,
2010). As such, Gong and Geller (2010) experimentally ob-
serve that “the apparent dominant vertical wavelengths [of
the gravity waves)] estimated from T’ [(temperature fluctu-
ations)] and w’ [(vertical velocity fluctuations)] profiles are
different for some cases.”

Evidences of anti-correlation are however apparent on
Fig. 8b, which pictures the vertical profile of A(df,/dz) be-
side the estimated profile of the air vertical velocity. The
quantity A(df,/dz) corresponds here to the potential tem-
perature lapse rate from which its mean value over the tropo-
sphere or stratosphere, depending on the altitude at which it
is evaluated, has been subtracted. A particularly noticeable
example of anti-correlation can be found in the altitude range
12—15 km, where the fluctuation amplitudes of the air verti-
cal velocity and of the potential temperature lapse rate are
relatively large. The correlation coefficient between the two
profiles is —0.31, and the probability that this value could
be obtained at random from two independent distributions
is as low as 2.4 x 1073, This suggests that the profiles of
the air vertical velocity and of A(df,/dz) are globally anti-
correlated.

However, the sole comparison with the potential temper-
ature lapse rate does not enable us to validate the estimated
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vertical air motion owing to the aforementioned limitations.
This comparison also does not provide any quantitative in-
formation on the precision of the derived air vertical veloc-
ity. The analysis of the model uncertainty in the previous
section however suggests that the uncertainty error of this
velocity is within the range +0.5ms™! in the troposphere
and +0.2ms~! in the stratosphere, as indicated in panel (b)
of Fig. 8. Moreover, the estimated velocity is within the
range of the typical vertical wind fluctuations in the tropo-
sphere reported by Hoyle et al. (2005) and indicated as thin
gray lines in Fig. 8b. These fluctuations were derived from
aircraft measurements performed during the SUCCESS cam-
paign (Subsonic Aircraft: Contrail and Cloud Effects Special
Study) which took place in the middle troposphere in cirrus
clouds over the eastern Pacific Ocean. In their derivations,
Hoyle et al. (2005) made sure to avoid perturbated regions to
focus on free tropospheric gravity waves, similar to the sit-
uation during the LUAMI campaign in the northern German
flatland.

One may argue that the vertical air motion could be es-
timated by a much more simplistic approach than the one
presented above. Indeed, to obtain an approximation of
the balloon ascent rate in still air, one may simply consider
the smoothed profile of the actual balloon ascent rate (see
Sect. 2.3) instead of using the balloon ascent model. A com-
parison of this simplistic approach with the one based on the
model is shown in Fig. 9 in the case of LUAMI flight L025.
The respective profiles of the balloon ascent rate in still air
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Fig. 9. Comparison of the model with the method based on the smoothing of the measured balloon ascent rate in the case of LUAMI
flight L025 launched on 19 November 2008 at 22:45 UTC. (a) Vertical profile of the balloon ascent rate in still air derived from the model

); smoothed profile of the balloon ascent rate measured during the actual flight () (for a description of the smoothing technique, see
Sect. 2.3). The actual ascent rate derived from the GPS data is indicated as a thin black line for comparison. (b) Corresponding profiles of
the air vertical velocity estimated from the model (—) and from the smoothed profile of the measured balloon ascent rate (—). The vertical
velocities derived by Hoyle et al. (2005) from aircraft measurements are indicated here as thin gray lines for comparison: typical gravity-wave
fluctuations, =0.3 ms~! (); strong fluctuations representing less than ~2 % of all wave occurrences, £1m s™1( ).

estimated by the two methods are relatively dissimilar (see
panel (a)). The one derived from the method using the model
presents a finer resolution: it responds more physically to the
fluctuations of the atmospheric temperature. In panel (b) of
Fig. 9, it can be observed that the respective estimations of
the air vertical velocity by the two methods differ by up to
0.5ms™" either in the troposphere and in the stratosphere.
Yet, the method based on the model cannot be proven to de-
scribe the balloon ascent more precisely than the other one.
The absence of independent measurements of the vertical air
motion during the LUAMI campaign make the quantitative
evaluation of any of the two approaches impossible.

5 Discussion and conclusion

Very few models of the ascent of sounding balloons in the
atmosphere are available to date (Engel, 2009; Wang et al.,
2009). In this study, a new model is proposed and shown to
be an improvement over the present state of the art. Derived
by equating the free lift and the drag force, the balloon as-
cent rate in still air is found to depend on three variables: the
air mass density, the balloon drag coefficient and the bal-
loon effective radius. The air mass density is assumed to
be known either from numerical weather forecast or from the
atmospheric temperature and pressure measured during the
flight. The balloon effective radius, defined as the radius of
the balloon’s volume-equivalent sphere, is computed at each
step of the model in three stages: (i) the balloon is first adia-
batically expanded; (ii) heat is then allowed to diffuse at con-
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stant pressure from the surrounding air into the balloon while
assuming the lifting gas to be incompressible; and (iii) the ef-
fective radius and temperature distribution of the balloon are
finally corrected to account for the expansion of the lifting
gas discarded in step (ii). Since solar radiation — which has
a strong impact on the balloon temperature distribution — is
not resolved, the model is only applicable to night flights in
its present state. Application to daytime soundings calls for
a further study, but it should be possible provided that solar
radiation is modeled as a diffusive process inside the bal-
loon and that heating of the balloon envelope is taken into
account. To compensate for the lack of data on the drag co-
efficient of almost spherical objects in a turbulent medium,
a reference drag curve for sounding balloons is derived from
a dataset of flights launched during the LUAMI campaign.
This drag curve applies only to a particular type of sounding
balloon, but using the methods we describe in this paper, it
should be straightforward to derive a similar curve for other
types of balloon. At each step of the model, the balloon drag
coefficient can be obtained from the reference drag curve by
refining the initial estimate of the Reynolds number through
a loop.

A priori, the ascent rate in still air predicted by the model
has an uncertainty of £0.6ms™! in the troposphere and
40.3ms™! in the stratosphere, where the range of uncer-
tainty is defined as a difference of plus or minus one standard
deviation from the calculated value. For some flights,
a systematic offset between the predictions of the model
and the subsequently measured actual ascent rate points to
differences in the manufacturing process of the individual
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Fig. 10. Effect of the ten-fold increase of the mean molecular heat diffusion coefficient on the model. (a) Experimental drag curves derived
from the ten LUAMI flights (), and their associated reference drag curve (—), in the case of the enhanced (D). The ten experimental curves
(- ) and the reference drag curve ( ) pictured in Fig. 3 are reported here for comparison, along with the curves by Achenbach (1972) and
Son et al. (2010) for a perfect sphere. (b) Vertical profile of the balloon ascent rate in still air calculated from the corrected reference drag
curve in the case of LUAMI flight LO03b (see Fig. 6); (D) increased by a factor of ten (—); (D) normal ( ). The 60-s low pass filtered
vertical profile of the ascenl rate calculated from the GPS data is indicated here for comparison (—).

balloons. These differences are responsible for unpredictable
departures of the balloon drag coefficient from the reference
drag curve and result in a mean uncertainty error of £1.5km
in the altitude of the balloon at burst time predicted by the
model. The curve of the ascent rate in still air as a function of
altitude captures the measured ascent rate profile very well,
suggesting the model to be a valuable a priori trajectory fore-
cast tool. As such, the algorithm could be used, for example,
to improve the precision of the balloon trajectory forecasts
required during match flight campaigns. Up to the present,
forecast trajectory models used during such campaigns have
assumed a constant ascent rate of 5 ms~! for the balloon (e.g.
Engel, 2009).

A posteriori, the data collected during the ascent can be
used to adapt the reference drag curve and hereby reduce the
discrepancy between the modeled and measured ascent rate
profiles, as described in the final paragraph of Sect. 3. In this
case, the air vertical velocity can be evaluated by subtracting
the ascent rate in still air from the actual ascent rate. This
procedure is shown to provide an estimation of the air mo-
tion which is within the range of the typical air velocity fluc-
tuations derived by Hoyle et al. (2005) from the SUCCESS
campaign in the middle troposphere (see panel (b) of Figs. 8
and 9). Its uncertainty error is estimated to be 0.5ms™! in
the troposphere and 0.2 ms~! in the stratosphere. In case this
uncertainty could be reduced, the air vertical velocity derived
in this way would be useful, for example to parametrize the
cooling rate in cirrus cloud box models (Hoyle et al., 2005).

The neglect of heat eddy diffusion or heat convection in-
side the balloon affects the reference drag curve and the accu-
racy of the model. Indeed, assuming eddy diffusion or con-
vection leads to an enhanced transfer of heat into the balloon
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and therefore to an increase of the expansion of the balloon
volume with altitude. As a consequence, the uplift force
is larger mainly in the stratosphere, where the influence of
the heat transfer into the balloon on the ascent rate is the
strongest. This results — mainly in the region corresponding
to the stratosphere (5 x 10*< Re<5x 105) — in the increase
of the experimental drag curves derived from the ten LUAMI
flights, as pictured in Fig. 10a, where (D) has been increased
by a factor of ten in order to simulate eddy diffusion. As ob-
served in the figure, the reference drag curve is steeper and
shifted upwards in the case where eddy diffusion is resolved
as compared to the case where only molecular diffusion is
assumed. Based on this curve and the molecular heat diffu-
sion coefficient increased ten times, the model is found to not
capture the general feature of the ascent rate profile and par-
ticularly the maximum close to the tropopause. This appears
clearly in the example pictured in panel (b) of Fig. 10, where
the vertical profiles of v, obtained from the model based on
(D) and 10(D), respectively, can be compared. This sug-
gests that heat eddy diffusion and heat convection are not
likely and that the main process responsible for the propaga-
tion of heat inside the balloon is molecular diffusion.

The model can be improved with respect to several as-
pects. Firstly, more experimental night flights should be used
for the derivation of the reference drag curve, also during
other seasons and in other locations. This would give the
statistical mean performed by the polynomial fit more rel-
evance from an ensemble point of view. Only ten flights
are considered in this study owing for the plain difficulty
to find high resolution datasets including accurate measure-
ments of the uplift and payload masses. Indeed, as already
noted by Wang et al. (2009), the uplift and payload masses
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are currently neither measured precisely nor stored system-
atically before each flight. In fact, the information regard-
ing these masses could be found only in the case of the
balloons launched during the LUAMI campaign. Unfortu-
nately, even during the LUAMI campaign it was not con-
sidered that mass measurements of great precision would be
required later, which explains a part of the spread of the ex-
perimental drag curves discussed in Sect. 2.3. We therefore
strongly suggest that the balloon launch protocols must take
account of precise measurements and recordings of both the
payload and uplift masses. Secondly, radiative heat trans-
fer into the balloon could be resolved, which would allow
for day flights to be modeled. Taking solar radiation into
account would require the balloon envelope emissivity and
the cloud cover to be considered, which would substantially
complicate the treatment of heat inside the balloon. Finally,
the validation of the reference drag curve lacks the support
of studies on the drag coefficient of sounding balloons. In
particular, the mechanisms at the origin of the large magni-
tude of this drag coefficient should be investigated in more
detail. This includes an analysis of the deformation of the
balloon shape during the ascent and a better characterization
of both the lift-induced drag and the drag coefficient of al-
most spherical objects at very high Reynolds numbers and
non-negligible turbulence intensity levels. Independent mea-
surements of the air vertical velocity would also be useful for
the validation of the reference drag curve.

Appendix A
Derivation of the characteristic time of diffusion

The analytical solution to Eq. (4) provided with the boundary
conditions Ty, (1,t) = To(¢) and (8T, /9r),=0 =0 forall t >0
reads (Carslaw and Jaeger, 1959):

o0

To(r, 1) = %Z (ot + Bu (1)) e~ P/ R sin(enr), (A1)

n=1

where
1
On =/ r Tv,0(r) sin(rnr)dr,
0
D ! s
ﬁ,,(r):Fn(_l)nﬂfo Ty(s)e P/ R g

and Ty, 0: [0, 1] — R denotes the initial temperature distribu-
tion. In Eq. (Al), r €[0,1] and ¢ > 0. The solution adopts
a much simpler expression in the case where the initial tem-
perature distribution is uniform, viz. Ty ¢ is a constant, and
the temperature at r =1 is kept constant over time, viz. 7, is
constant. In such a case,

T=To(n8) _ 2 ™D iy
Ta—Tyo wr n

n=l

sin(nr), (A2)
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Fig. Al. Radial distribution of the quantity on the left-hand side of
Eq. (A2) at different times. T = R2/(m2 D) denotes the characteris-
tic time of diffusion.

Table Al. Typical values of some parameters associated with the
balloon at two different altitudes. The lifting gas is assumed to be
hydrogen, whose specific heat capacity at constant pressure equals
1.4x 103 Jkg~ ' K=,

Altitude R (m) « wm™! K_l)) o (kg m_3)

ground 1 0.18 0.09
30km 4 0.14 1073

where the quantity on the left-hand side is the temperature
difference between the outside and the inside of the balloon
normalized by the initial difference. The radial profile of
this quantity is shown in Fig. Al for different times. The
characteristic time of diffusion ie obtained from Eq. (A2) by
considering only the dominant coefficient associated ton = 1
in the Fourier series, which leads to T = R%/(72D). Using
the expression D = «/(ppcp) and the typical values of Ta-
ble A1, the characteristic time of diffusion is observed to de-
crease from ~ 900 s at ground to ~ 300 s at 30 km altitude in
the case where the lifting gas is hydrogen. Diffusion occurs
faster at higher altitude as a result of the lower mass density
of the lifting gas.

Appendix B
Convergence study of the finite element code

In the balloon ascent model, Eq. (4) is discretized spatially
according to the Finite Element Method. The numerical solu-
tion is expressed in terms of a basis of second-order polyno-
mials, which corresponds to a discretization scheme of sec-
ond order in space. Regarding the time discretization, the
first-order Euler backwards scheme is preferred — for stability
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Fig. B1. Variation of ¢ at + =0.17 as a function of the time step.
Three different space discretization intervals are considered: §r =
1072 ¢); 8r =2 x 1072 p); and Sr =5x 1072 ().

purposes — to the second-order Cranck-Nicolson one. The
latter introduces oscillations in the numerical solution when
used in association with the Finite Element Method.

Convergence of the numerical solution is analyzed here in
the simple reference case where the initial temperature inside
the balloon is uniform and the temperature at the balloon’s
surface is constant. Let Ty, ana and 7}, num respectively denote
the analytical and numerical solutions in this case, the ex-
pression of Th, ana being derived from Eq. (A2). Convergence
is measured in terms of the second moment of the difference
T, ana — T, pum»

1

02(t): rz[Tb,ana("'f)—Tb.num(r.t)]zdr, (B1)

(Ta—Tb,0)? /o
where T, and Ty o are defined as in Appendix A. The quantity
o corresponds to the numetical etror averaged over the bal-
loon volume and normalized by the initial temperature dif-
ference between the inside and the outside of the balloon.

Let 8r and 8t respectively denote the space discretization
interval and the time step used by the numerical scheme.
Variation of o at a fixed time as a function of ¢ is shown
in Fig. B1 for three different values of §r. It is observed that
the numerical error scales linearly with the time step and sat-
urates for small values of 5¢. The error does not depend on
8r for large time steps, contrary to the saturation value. This
implies that a finer spatial discretization is valuable only if
conjugated with a finer time resolution. In practice, a time
step of 10737 is chosen in the balloon ascent model, as it
is observed to result in relatively short computational times
(not shown) while leading to an acceptable mean error of
0.1 % compared to the analytical solution. This implies that
a space discretization as large as 5 x 1072 can be used, as
a finer choice of 8r would not improve the precision of the
numerical solution (see Fig. B1).
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