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Thomas Jordan
Conditional Use Permit Hearing

Correspondence in Favor



Regarding a Conditional Use Permit allowing non-metallic mining for Parcel
#0280432343033B.

May 14, 2020
Dear members of WIZAP and the Washington Island Town Board,

We would appreciate it if we could add the following updates to the letter we emailed
to you on May 12, 2020, a copy of which is also included below this letter.

The updates, and the paragraphs of the letter to which they apply are as follows:

Under #1. Dust - Also, as required by the Door County Soil and Water Conservation
Department and as specified in our engineering site plans, the dirt driveway
will be removed and a new stone driveway will be installed, further reducing
dust issue possibilities.

Under #6. Hours - We would reduce hours to the following: We would limit the hours in
which we would access the mine for product to between 8:00 am and 5:00
pm, Monday - Friday. The only exception to this would be when, should a
company from the Mainland be hired to crush, we would follow Town /
County working hours guidelines. Again, as stated in the attached letter
below, if we hire a company to crush, we expect an interval of years
between each time this would occur.

Under # 7. Estimated Material Usage - Based on past usage by the concrete plant, we
are estimating usage to be 1500 cubic yards +/- per year meaning the 7800
to 8500 cubic yard amount could last 5+ years.

Thank you very much. Please contact either of us should you have any questions
concerning this additional information.

Best Regards, RECEHVED

Tom Jordon (920)559-0134 P
JUN-0°1 2020

DOOR COUNTY
LAND USE SERVICES DEPARTMENT

Julian Hagen (920)559-2356

Letter sent May 12, 2020

Regarding a Conditional Use Permit allowing non-metallic mining for Parcel
#0280432343033B.



6. Hours - We would limit the hours in which we would access the mine for product to
between 8:00 am and 5:00 pm on week days, from 9:00 am to 12:00 noon on Saturday,
and would be closed for operation on Sunday. The only exception to this would be
when, should a company from the Mainland be hired to crush, we would follow Town /
County working hours guidelines. Again, as stated, if we hire a company to crush, we
expect an interval of years between each time this would occur.

7. Estimated Material Usage: For the sake of perspective, one foot deep times the mine
site area would represent almost 6500 cubic yards of material. When rock is crushed to
a smaller size, spaces are created between the stones causing this 6500 cubic yards to
increase in volume 20% to 30%, to between 7800 to 8500 cubic yards.We are
estimating usage to be 1500+/- cubic yards per year.

8. We are aware that additional noise pollution will have an impact and we will be
aware of this. We will also attempt to keep the use of our truck’s Jake brake to a
minimum.

In closing, we hope this helps give clarity to the questions and concerns. Do not
hesitate to email us if you have any questions. If calling is preferred, please feel free to
call either of us at the following numbers: Tom at (920)535-0134 or Julian at
(920)559-2356.

Thank you.

Best regards,

Tom Jordon

Julian Hagen



Thomas Jordan
Conditional Use Permit Hearing

Correspondence in Opposition



Riemer, Linda

From: Leif Thoreson <dualtyme6@aol.com>
Sent: Tuesday, June 2, 2020 11:53 AM

To: Riemer, Linda

Subject: 04June20 Resource planning meeting

RECEIVED

Leif S. Thoreson

Norma E Thoreson JUN 2 2020

1292 East Side Rd

Washington Island, WI 54246 DOOR COUNTY
608-449-5053 LAND USE SERVICES DEPARTMENT

dualtyme6@aol.com

Thank you for allowing us to voice our concerns concerning a CUP that Tom Jordan requests for a non-metallic mine at
1342 East Side Rd. Washington Island, WI. Section 32, Town 34 North, Range 30 East and in a General Agricultural (GA)
zoning district.

We have concerns about the noise, dust, decreased property values, and increased traffic on Town Line Rd and East
Side Rd. Please remember that East Side Road is heavily traveled during "dump" days, as the dump is also on that

road. And lets not forget the environmental issues and concerns as well. Granted, this is not a subdivision you would see
in a town setting, but still, we are a residential neighborhood nonetheless. We value our quiet, our peaceful surroundings,
and our fresh air.

We moved to this Island for the purpose of the peace and tranquility that we experienced when we visited here during the
summer of 2018. We went back home to Janesville, put our homes on the market and decided to make Washington
Island our home. We brought my parents here so we could care for them in their golden years. They both have
compromised immune systems, and the great air quality was a plus in bringing them here to the Island, as was the quiet.

My concern with the traffic, because it was stated in their original assessment that East Side Rd was a lightly traveled
road. That is not true. With the dump days Monday, Wednesday, and Saturday, and now in the summer Friday as well.
East Side Road and Town Line Roads get very busy. Sometimes a steady stream of traffic, at times like being on
Highway 42/57 in the County. We live on the corner, so we do see traffic coming from all directions. | can't tell you the
number of near-miss accidents I've seen on the corner on dump days. Now lets add dump trucks into the equation.

The noise: Just two weekends ago Mr. Jordan was working over on his property and the winds were out of the Northeast,
which is where they are most prevalent for the past few years strange as that may be, but it pushed all the noise they
were making right into our yard where we were outside working. The endless beeping of the back-up alarm on his
equipment, the banging of the bucket up and down on his equipment was nerve wracking. We had no peace while we
were outside trying to enjoy our surroundings. That noise continued until well after 2:00 in the afternoon...Not why we
moved here!!

Another operation similar to the one Mr. Jordan wants was recently given approval. Do you really think its necessary for
yet another mine to be here on the Island? What value does it bring us? What economic gain does it gain anyone here on
this Island? We feel that it is going to bring nothing but resentment to those of us living around the site of this proposed
mine because of all the noise, dust, traffic, and environmental impact. We all feel it will bring our property values down.
Ask them how they would like a mine and all the noise associated with it to be right next to their homes.

This letter is for those of you who do not live here and do not realize how much we cherish our quality of life we are
grateful for and respect. WIZAP did the right thing voting against this and the town board only passed this measure by one
vote. We plead with you to vote against this CUP so that we can retain our quality of life, our property values, and safety.
We thank you greatly for listening to our concerns.

Sincerely,
Leif and Norma Thoreson
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David Enigl, Chairman

Door County Resource Planning Committee DOOR COUNTY

¢/o Door County Land Use Services Department. LAND USE SERVICES DEPARTMENT
421 Nebraska Street

Sturgeon Bay, WI 54235

May 27, 2020
Dear Mr. Enigl:

The quarry placement on Gunnglusson Road, Washington Island does not have my support for four
significant reasons. A quarry is harmful to my health, apiary business, ongoing research, and the
peaceful environment | moved here to enjoy.

Asthma is a debilitating condition. Clean air is critical to my quality of life.

Sweet Mountain Farm, LLC raises and sells over 100 Russian honeybee nucleus colonies each year on its
18 acre farm and keeps between 120-170 colonies for breeding and research. The business began
eleven years ago. The land was selected for its pristine environment conducive to raising a highly sought
after local, cold hardy, mite resistant honeybee. Beekeeping is my livelihood. Colonies are sold to
beekeepers throughout Wisconsin. A healthy environment is needed to breed healthy honeybees.
Vibration causes aggressive bees and disrupts larval development. Dust adheres to thousands of tiny
hairs found on the bee’s body. Dust particles are transferred back to the hive and stored along with the
pollen. This is one cause of colony collapse given the dust laden pollen is fed to the queen and the
brood.

Working with the Department of Consumer Trade and Consumer Protection (DATCP), research
proposals are submitted on the effects lavender has on honeybee health as well as a project on Russian
honeybees being more effective cold weather pollinators. This research would end given a change in
environmental factars that could potentially affect the outcome.

If you have any questions about my objections to situating a quarry in close proximity to my land, please
let me know so we can discuss this further.

Sincerely,

s O Ll

Sue A. Dompke

Sweet Mauntain Farm, LLC
1402 Mountaln Road
Washington (sland, WI 54246
020-847-2337
www.sweetmountainfarm.com
info@sweetmountainfarm.com
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.Zoning meeting June 4th
- DOOR COUNTY

LAND USE SERVICES nFDADIMP

To Mr. Rick Brauer and members of the Door County Zoning committee,

I would like to express m'y opposition o the conditional use permit on East Side
Road you are going to vote on for Washington Island.

Our Island zoning committee voted NO to the application yet our town board said
yes. I live directly across the road from the property in question. I believe this
will damage our land quality and have the possibility to ruin wells and or
foundations once the blasting starts, Makes me wonder if you have all come to the
Island to look this land over? Yes , they say it most likely will not do any damage
to wells or foundations but what if ?

The negative impact this could have here is great! There will be records kept on
truck traffic , pollutants, heavy equipment, dust and noise correct ? I feel very
strict guidelines need to be in place. Please make this happen Who can the
neighbors call or write when rules are broken ?  Will the DNR come to look and
have records about the Heinz Emerald Dragon Fly ?  Such a shame you can allow
them to ruin this beautiful road here not fo mention what will happen with the
dragon fly.

Once again , does Washington Island 35 square miles, REALLY need two mines?
Please give this your consideration before you vote to approve this mine which
most are opposed to happening. And think of the well being of the Island as a
whole if you let this take place.

Thanks for your time.,
Jeannette Hanlin
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Brauer, Rick

|Es e = = = ==
From: Carol Johnson <magotsrus@yahoo.com>

Sent: Sunday, May 31, 2020 11:34 AM

To: Brauer, Rick

Subject: Non-metalic mining permit for Jordan/Hagan tax parcel #0280432343033B

Sir,

My name is George Johnson and | have been a summer resident on Washington Island for over thirty years. | live on East
Side Road and understand that Tom Jordan has purchased property on this same road, not too far from me. He has
applied for a Conditional Use Permit on Tax Parcel #0280432343033B to operate a gravel pit where MINING, BLASTING,
and CRUSHING will take place. East Side road is not only residential, but is zoned GA and "light industry", but | have a
hard time believing that MINING, BLASTING, and CRUSHING gravel would be considered "light industry. Washington
Island is approximately four miles by eight miles and already has three operating gravel pits. Do we really need
another??? :

East Side Road is traveled by more than half of the Islanders at least one or two times a week on their way to the town
dump. Again...this is a residential road where we have enjoyed peace, quiet, and clean air, which will all change if this
endeavor is allowed to happen. Imagine the NOISE, DUST, and the added TRAFFIC of heavy trucks going back and forth
on a daily basis.

| also can't help feeling that this "light industry" is going to lower the value of my property and that of all the other residents
in the area, possibly fracturing our foundations, and/or fracture our wells contaminating our water. If you do choose to
issue this permit | would ask that there is a condition stipulated that Mr. Jordan will purchase a certificate of additional
insurance naming residents that will be affected, covering structural damage, contamination of water supply, and damage
to wells and septic systems, all of which are in very good working order at this time.

This area is also a habitat for the Hine's Emerald Eyed Dragonfly, which was considered extinct and is now federally
protected as an endangered species. Of the four states that are currently known to habitat these dragonflies, Door County
has the largest population, which will be compromised.

In closing, | doubt very much that any one of you board members would choose to live this close to a business that you
could not only HEAR but TASTE because of the dust hanging in our once clean air EVERY DAY! | strongly urge you to
DENY the issuance of a permit of any kind for this business in a residential area.

George Johnson
1427 East Side Rd.
Washington Island Wi.
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Brauer, Rick
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From: Juliann B.Gardner <juliann@onesmallgarden.com>
Sent: Friday, May 29, 2020 9:28 AM

To: Riemer, Linda

Cc: Brauer, Rick

Subject: June 4th Zoning Board

Attachments: WiWi EastSide mining Itr_26May20.pdf; ATT00001.htm
Linda:

Attached please find my letter to the Door County Zoning Board in reference to the Jordan/Hagan Nonmetallic
mine proposal on Washington Island,WI. Please enter into the records packet for the June 4th meeting.

There are certainly other issues regarding this proposal that I plan on bringing up at the meeting.

Thank you,



14

Ted Gardner RECE'VED

1096 Townline Road, Washington, W 54246
513.497.7245 e: tedstoystore @zoomtown.com

JUN - 12020
DOOR COUNTY
May 27, 2020 LAND USE SERVICES DEPARTMENT
Rick Brauer, Zoning Administrator E: rbrauer@co.door.wi.us
Door County Government Center
421 Nebraska Street
Sturgeon Bay, WI 54235
Town of Washington E: townoffice@washingtonisland-wi.gov
c/o Valerie Carpenter
P.O. Box 220

Washington Island, WI 54246

Re: Washington Island CUP, Parcel ##0280432343033B

Dear Door County Board members:

| am writing regarding your consideration of the Conditional Use Permit application for rock
mining on Washington Island, applicants Jordan and Hagan. Like other residents and property
owners of Washington Island, we have previously submitted our objections to this permit and
listed the negative impacts of this proposed blasting, mining and crushing operation. Please
distribute this letter to those with authority to consider or grant the subject permit.

Our residential property is situated in the northeast quadrant of Town Line and East Side Roads,
immediately south of the proposed mining site. My wife Juliann and | have been improving our
island home over the past year with the intent of moving in as soon as practical. We and our
neighbors are concerned about issues such as public safety and community well-being,
environmental quality (air, water, noise, visual), increased truck traffic, and other negative
impacts.

If a mining / processing permit is allowed, we ask that you consider the following suggestions for
mandatory requirements to reduce negative impacts on the immediate area and the community:

1. Maximum amounts of rock extraction and processing should be spelled out (e.g. X cu. yd. per
month or year);

2. Maximum hours of operation should be 9:00am — 5:00pm weekdays only;

3. A professionally prepared site plan should be required, fully illustrating the allowable area
boundaries for rock extraction, required setbacks and visual / acoustic buffers, locations of
proposed rock-crushing, material storage, vehicle maintenance and hazardous materials
storage, perimeter earth berms with landscaping, etc.;
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CUP Parcel #0280432343033B

May 27, 2020

Page 2

4. The use of adjacent parcels for mining-related activity should not be allowed (i.e. mining

equipment or vehicles, material processing and storage, offices or employee facilities, etc.;

5. Any rock mining activities, including drilling for explosive charges, should adhere to a
prescribed schedule that is made available to the public;

6. Water quality monitoring and reporting protocols should be enacted to assure no negative
impacts on quantity and quality of subsurface and/or surface water;

7. Air scrubbers, site watering and other measures should be mandated to reduce dust
transmission and assure no negative impacts on the area’s air quality;

8. Commercial traffic into, within, and out of the subject site should be limited to 9:00am —
5:00pm weekdays only, monitored and enforced. The use of truck air brakes should be strictly
prohibited. Site entry drive turning lanes and intersection improvements at Town Line and East
End may be warranted. Earth berms should be required to help reduce the off-site impacts of
back-up warning horns of mining and transport operating equipment;

9. The primary quarry / process plant access (East Side Road) should be direct into the parcel
and not on the existing Jordan property dirt road, which is immediately adjacent to our shared
property line 60 feet north of our residence.

10. Applicant’s site plan should show the existing and proposed topography and vegetation at all
perimeter areas of the subject site. This should include large earth berms and planting
schemes to provide visual and acoustic screening of the site prior to operations commencing. A
site remediation plan should be required to show how the land will be brought into acceptable
condition as various extracted areas are depleted in phases or abandoned; final site conditions
and proposed land use should be delineated.

There may be other supporting conditions proposed by our neighbors on Washington Island,
and we sincerely appreciate your time and consideration of these important factors.
Please feel free to contact me directly if we can discuss these matters in further detail.

With best regards,

RECEIVED

Ted Gardner .
513.497.7245 JUN - 12020

DOOR COUNTY
LAND USE SERVICES DEPARTMENT



To whom it may concern:

We are neighbors to the proposed nonmetallic mine on East Side Road and are concerned
about the impact this would have to our home directly across the street, and to the
neighborhood we live in.

This road is already a busy one on days the Island dump is open, to add further traffic and
debris to the area would exacerbate this issue. We have young children and like to walk on our
road.

Will a mine going in across the street affect our property value? Could blasting affect our
homes structure as well, or the quality of our well. We know that blasting won’t be an every day
event, or hauling for that matter, but feel it still will be impactful.

If you haven’t been up to the Island to see the proposed site, it’s hard to understand the area.
There are many homes and families in very close proximity. It’s not in the midst of an industrial
area. When | take a walk, the vehicles that pass are my neighbors, not dump trucks or mixers.
We are a residential neighborhood, and the addition of a mine could affect the natural beauty

and feel of where we live.

We understand the island’s need for gravel, and were glad to hear when another gravel pit was
recently approved in a much more appropriate location. Why could this latest mine not be in a
similar location away from homes.

We fear this will be opening the door to more noise, mess, and disruption. Thank you for taking
the time to consider our concerns.

Sincerely,
Pete and Lydia Nikolai

RECEIVED
JUN 32020

DOOR COUNTY
LAND USE SERVICES DEPARTMENT

16
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Brauer, Rick

| e === e DI R 155 B == P B % S S S i R = e |
From: jim lind <jimllind@yahoo.com>

Sent: Wednesday, June 3, 2020 2:43 PM

To: Brauer, Rick

Subject: Conditional Use Permit / nonmetallic mine June 3, 2020

Dear Resource

Board, Thi
s letter is concerning the conditional use permit requested by Thomas Jordan for a nonmetallic mine on Washington
Island. To give a little backround | own the 5 acres directly across the road from the proposed mine and | strongly oppose
this attempt at destroying the land for personal gain. | had originally planned on building my retirement home on this
property but if this is allowed to proceed | will have to scrap my plans. Now for the facts and information, because of the
town dump being a half mile down the road traffic on dump days is already extremely heavy now with the addition of Mr.
Jordans construction business on the adjacent lot to the mine property there is constant truck and equipment traffic noise
and dust all day. Next for surface water drainage, for 3 days straight Mr.
Jordan hauled truckloads of manure and dumped it at the proposed mine site now there is a pile as big as a house on
which he grinds with a big noisy machine creating an actual manure dust storm. That has to be very unhealthy for anyone
in the vicinity its a good thing | already have a mask, my son wont bring my grandchildren over to the property anymore
because of the dust,noise and smell. What happens when it rains? Where does the runoff go? There is no containment in
place and with the land being mostly rock this sewage runoff can go a long ways. The land does not perk for a
conventional septic so what will happen to our wells? Why is manure needed for a mine? So many questions so few
answers. As far as potential change in natural vegetation and topography this land has already been clear-cut to
about 90% it actually looks like a war zone not a tree or bush standing. There is no visual harmony of buildings with the
neighborhood because he already built 2 giant storage buildings on the adjacent property and no one knows whats in
store for the proposed mine property. Of course this has been very detrimental to the property values. | had a
standing offer to purchase my property if | ever wanted to sell which was recently rescinded. They said with all this going
on they had lost interest and who could blame them? What with a proposed mine, a giant smelly manure pile, constant
construction traffic noise dust and dirt directly across the street | ask you can it get any worse? How can this even be
considered in what was a beautiful neighborhood with families living here this is definitely not

compatible.

Finally | plead with the RPC to carefully consider all the negative aspects this proposed conditional use permit
will bring and deny it once this door is opened its too late. Nothing good can come from this its just a man wanting to
make money by destroying the land and his neighbors. Thank
You, Ja
mes D. Lindgren

RECEIVED

JUN 03 2020

DOOR COUNTY
LAND USE SERVICES DEPARTMENT
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Riemer, Linda

From: James Smith <james@doorcounty.attorney>

Sent: Wednesday, June 3, 2020 3:29 PM

To: Riemer, Linda

Subject: Re: RPC Meeting 6/4/2020

Attachments: Effect of Rock Mining on Local Residential Property Values within 1 Mile of Proposed

Mine.pdf; Crushed Limestone Safety Data Sheet.pdf; Karst Map.pdf; The Value-
Undermining Effects of Rock Mining on Nearby Residential Property.pdf; Delineation of
areas contributing groundwater to springs and wetlands supporting the Hine's Emerald
Dragonfly, Door County, Wisconsin.pdf; Potential Environmental Impacts of Quarrying
Stone in Karst - A Literature Review.pdf; US Study on the Impact of Pits Quarries on
Home Prices.pdf

Good Afternoon Linda,

Please find attached hereto documents to which | will be referring during my testimony in front of the
RPC tomorrow.

If you have any questions or concerns, please do not hesitate to contact me.
Best regards,

James

THE LAW OFFICE OF JAMES R. E. SMITH, S.C.
Sturgeon Bay, WI 54235

(920) 724-1754

www.doorcounty.attorney

This is a transmission from The Law Office of James R. E. Smith, S.C. and may contain information which is privileged,
confidential, and protected by the attorney-client privilege or attorney work product privilege. If you are not the
addressee, note that any disclosure, copying, distribution or use of the contents of this message is prohibited. If you
have received this transmission in error, please destroy it and notify us immediately at 920-724-1754.

On Wed, Jun 3, 2020 at 12:19 PM James Smith <james@doorcounty.attorney> wrote:
Much appreciated, Linda!l

THE LAW OFFICE OF JAMES R. E. SMITH, S.C.
Sturgeon Bay, W1 54235

(920) 724-1754

www.doorcounty.attorney

This is a transmission from The Law Office of James R. E. Smith, S.C. and may contain information which
is privileged, confidential, and protected by the attorney-client privilege or attorney work product privilege. If you are
not the addressee, note that any disclosure, copying, distribution or use of the contents of this message is

1
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prohibited. If you have received this transmission in error, please destroy it and notify us immediately at 920-724-
1754,

On Wed, Jun 3, 2020 at 12:19 PM Riemer, Linda <Iriemer@co.door.wi.us> wrote:

Thanks Jim. | will put you down to speak in opposition.

Enjoy your day.

Linda Riemer

Door County Land Use Services Department
Door County Government Center

421 Nebraska Street | Sturgeon Bay, WI 54235
(P) 920-746-2323 | (Fax) 746-2387

Email: Iriemer@co.door.wi.us | Website: https://www.co.door.wi.gov/164/Land-Use-Services

From: James Smith <james@doorcounty.attorney>
Sent: Wednesday, June 3, 2020 12:00 PM

To: Riemer, Linda <lriemer@co.door.wi.us>
Subject: RPC Meeting 6/4/2020

To Whom It May Concern:

Please be advised that | intend to provide live oral testimony regarding the CUP for mining on
Washington Island at the RPC meeting tomorrow, June 4, 2020.

Name: James R. E. Smith
Addres: 1236 Bluebird St, Sturgeon Bay, WI 54235

Cell: 920-724-1754
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. | wish to speak in opposition to the granting of the CUP.

Sincerely,

James

This is a transmission from The Law Office of James R. E. Smith, S.C. and may contain information which
is privileged, confidential, and protected by the attorney-client privilege or attorney work product privilege. If you
are not the addressee, note that any disclosure, copying, distribution or use of the contents of this message is

prohibited. If you have received this transmission in error, please destroy it and notify us immediately at 920-724-
1754,
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EFFECT OF ROCK MINING ON LOCAL RESIDENTIAL PROPERTY VALUES
WITHIN 1 MILE OF PROPOSED MINE

STREET ADDRESS OWNER EEMV  3.7% of EFMV* 14.5% of EFMV**
1462 RANGE LINE RD BARBER $273,513 $10,120 $39,659
1544 RANGE LINE RD GRAHAM $117,400 $4,344 $17,023
1602 RANGE LINE RD WALLMAN $336,843 $12,463 $48,842
1703 MOUNTAIN RD HERSCHBERGER $237,100 $8,773 $34,380
1271 JACKSON HARBOR RD HENKEL $320,500 $11,859 $46,473
1740 MOUNTAIN RD MUNAO $194,303 $7,189 $28,174
1724 MOUNTAIN RD WOLD $162,100 $5,998 $23,505
1702 MOUNTAIN RD GILBERTSON $189,700 $7,019 $27,507
1680 MOUNTAIN RD FLASCH $181,986 $6,733 $26,388
1662 MOUNTAIN RD NIKOLAI $296,200 $10,959 $42,949
1641 MOUNTAIN RD HERSCHBERGER $279,900 $10,356 $40,586
1610 MOUNTAIN RD ELLEFSON $186,714 $6,908 $27,074
1592 MOUNTAIN RD ELLEFSON $167,000 $6,179 $24,215
1554 MOUNTAIN RD JOHNSON $292,400 $10,819 $42,398
1538 MOUNTAIN RD ELLEFSON $272,500 $10,083 $39,513
1463 MOUNTAIN RD HUFFMAN $212,300 $7,855 $30,784
1403 MOUNTAIN RD JORGENSON $212,900 $7,877 $30,871
1402 MOUNTAIN RD DOMPKE $166,674 $6,167 $24,168
1384 MOUNTAIN RD SHAUSKE $333,200 $12,328 $48,314
1362 MOUNTAIN RD BUETTNER $82,423 $3,050 $11,951
972 EAST SIDE VAN HOWE $243,400 $9,006 $35,293
1076 MICHIGAN RD DANFORTH $217,500 $8,048 $31,538
1216 MICHIGAN RD BONNIN $355,500 $13,154 $51,548
1234 MICHIGAN RD SCHULTZ $251,400 $9,302 $36,453
1256 MICHIGAN RD BRENNAN $151,800 $5,617 $22,011
1259 MICHIGAN RD CORNELL $353,600 $13,083 $51,272
1314 MICHIGAN RD MILLER $608,800 $22,526 $88,276
1394 MICHIGAN RD MURRAY $287,000 $10,619 $41,615
987 TOWN LINE RD ERVIN $477,500 $17,668 $69,238
847 TOWN LINE RD RICHMOND $230,600 $8,532 $33,437
851 TOWN LINE RD HOUSE $316,400 $11,707 $45,878
823 TOWN LINE RD RUNYAN $168,200 - $6,223 $24,389
779 TOWN LINE RD FLESVIG $263,805 $9,761 $38,252
904 TOWN LINE RD CORNELL $341,700 $12,643 $49,547
1361 EAST SIDE RD HANLIN $181,294 $6,708 $26,288
1377 EAST SIDE RD NIKOLAI $243,300 $9,002 $35,279
1329 MOUNTAIN RD JORGENSON $273,577 $10,122 $39,669
TOTAL PROPERTY LOSS IN VALUE $350,798 $1,374,750

*Based on an average 2.3-5.1% reduction in value as determined in the paper The Value-Undermining Effects of Rock Mining on Nearby
Residential Property: A Semiparametric Spatial Quantile Autoregression.

**Based on the estimated reduction in value for homes located within a mile radius of mine as provided for in An Assessment of the

Economic Impact of the Proposed Stoneco Gravel Mine Operation on Richland Township.
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Safety Data Sheet

Solms Crushed Limestone (Crushed Rock, Limestone, Base Rock,
Scrubber Stone, Agg-Lime)

Section 1: ldentification

MANUFACTURER'S NAME & ADDRESS: Capitol Aggregates Inc.
2330 North Loop 1604 West.
San Antonio, Texas 78248

PRODUCT NAME: Solms Crushed Limestone

EMERGENCY TELEPHONE NUMBER:  (210) 871-6111
SDS INFORMATION OR ASSISTANCE: (210) 871-7247

COMPANY PHONE NUMBER: (210) 871 7260

CHEMICAL NAME: Solms Crushed Limestone

CAS NUMBER: N/A

TRADE NAME or SYNONYMS: (Crushed Rock, Limestone, Base Rock, Scrubber
Stone, Agg-Lime)

PRODUCT USE: Construction Aggregates, Soil Amendment

Section 2: Hazards ldentification

WARNING! CRUSHED LIMESTONE IS NOT A KNOWN HEALTH HAZARD. HOWEVER
CRUSHED LIMESTONE MAY BE SUBJECTED TO VARIOUS NATURAL OR MECHANICAL
FORCES THAT PRODUCE SMALL PARTICLES (DUST), WHICH MAY CONTAIN
RESPIRABLE CRYSTALLINE SILICA (PARTICLES LESS THAN 10 MICROMETERS IN
AERODYNAMIC DIAMETER).REPEATED INHALATION OF RESPIRABLE CRYSTALLINE
SILICA (QUARTZ) MAY CAUSE DAMAGE TO LUNGS THROUGH PROLONGED OR
REPEATED EXPOSURE AND MAY CAUSE LUNG CANCER.

Classification of the
substance or mixture:

CARCINOGENICITY/INHALATION — Category 1A

SPECIFIC TARGET ORGAN TOXICITY
(REPEATED EXPOSURE) — Category 2
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GHS label elements
Hazard pictograms:

Signal word: Danger
Hazard statements: Harmful if swallowed. May cause cancer (inhalation). May cause

damage to lungs with prolonged or repeated exposure (inhalation).

EMERGENCY OVERVIEW:

Appearance/Odor: Loose granular rock, gravel, and silt mixture of varying size and color. No
odor.

Carcinogen, Acute & Chronic Toxin Warning:

This product contains greater than 0.1% crystalline silica. Crystalline silica has been linked
to cancer, silicosis, and other lung problems in conditions of prolonged airborne over-
exposure. Repeated inhalation of respirable crystalline silica (quartz) may cause lung cancer
according to IARC and NTP; ACGIH states that it is a suspected cause of cancer. Other
forms of RCS (e.g. Tridymite and Cristobalite) may also be present or formed under certain
industrial processes.

Carcinogen- Acute & Chronic. Product contains crystalline silica quartz. The International
Agency for Research on Cancer (IARC) classifies respirable crystalline silica as Group | —
Known Human Carcinogen. The National Toxicology Program (NTP) lists respirable
crystalline silica as a Known Human Carcinogen. The American Conference of
Governmental Industrial Hygienists (ACGIH) lists respirable crystalline silica as a Suspected
Human Carcinogen (A-2).

OSHA REGULATORY STATUS:

This product is considered HAZARDOUS by the OSHA Hazard Communication Standard (29
CFR 1910.1200).

POTENTIAL HEALTH EFFECTS:

LIKELY ROUTES OF EXPOSURE: Inhalation
TARGET ORGAN(S): Lungs

EYE

Avoid eye contact. Exposure to dust may be irritating to the eyes and may impair visibility.
These effects are transient similar to nuisance dust and recovery should follow.
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SKIN

Avoid prolonged and repeated skin contact. Do not handle until all safety precautions have
been read and understood. Wear protective gloves, protective clothing, eye protection and
face protection. Wash hands thoroughly after handling.

INHALATION

Avoid prolonged and repeated inhalation of dust. Acute and chronic exposure to dusts may
be irritating to the respiratory tract by frictional action, and may provoke bronchoconstriction
in hyper-susceptible individuals.

Respirable dusts can cause bothersome deposits in the nasal passages. Nuisance dusts
cause toxicity from physical overloading of the respiratory clearance mechanisms.
Significant deterioration of pulmonary function and chronic bronchitis can develop with
prolonged overexposure to dusts in excess of established limits .(See Section 8).

Continued overexposure to silica dust can result in silicosis, a chronic, progressive and
sometimes fatal lung disease that is characterized by the presence of typical nodulation of
the lungs leading to fibrosis. Silicosis can develop in weeks with high exposures and after
years of lower exposure. Symptoms and signs of silicosis include cough, shortness of
breath, wheezing, decreased pulmonary function, and changes in chest X-rays.

INGESTION

Minute amounts accidentally ingested during industrial handling are not likely to cause
injury.

MEDICAL CONDITIONS AGGRAVATED BY EXPOSURE

Chronic exposure to nuisance dusts may enhance susceptibility to respiratory tract
infections.

Silica can cause silicosis which, in turn, increases the risk of pulmonary tuberculosis
infection.

Smoking may increase the risk of developing lung disorders associated with silicosis.

) 3¢ Composition /Infiormaticn enlngredients
Component CAS No. Wt.% Hazardous? GHS-US
Calcium Carbonate 1317-65-3 > 85 No Not Classified
Crystalline Silica Quartz (a component of | 14808-60-7 <6 Yes Acute Tox. 4 (Oral), H302

crushed stone)

Carc. 1A, H350
STOT RE 1, H372

Crystalline Silica is reported as total silica and not just the respirable fraction.

Any concentration shown as a range is to protect confidentiality of trade secret information or is due

to process variation.
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Description of necessary first aid measures

EYE CONTACT

Limestone dust: Immediately flush eyes with large amounts of water and continue flushing for 15
minutes. Remove contact lenses, if worn. Occasionally lift the eyelid(s) to ensure thorough rinsing.
Beyond rinsing, do not attempt to remove material from the eye(s). Get medical attention if irritation
develops or persists.

SKIN CONTACT
Limestone dust: Wash contaminated area thoroughly with soap and water. If redness or irritation
occurs and persists, seek medical attention.

INHALATION
Limestone dust: Remove to fresh air. If breathing is difficult keep at rest in a position comfortable for
breathing and get medical attention.

INGESTION

Limestone dust: If swallowed, do NOT induce vomiting unless directed to do so by medical
personnel. Never give anything by mouth to an unconscious person. Give large quantity of water and
get medical attention if distress develops. ’

MOST IMPORTANT SYMPTOMS/EFFECTS, ACUTE and DELAYED POTENTIAL ACUTE
HEALTH EFFECTS

Eye contact: May cause eye irritation due to abrasion if crushed limestone particles become
entrapped in the eyes. Symptoms may include discomfort or pain, excess blinking
and tear production, with marked redness and swelling of the conjunctiva.

Inhalation: May cause respiratory tract irritation. Symptoms may include sneezing or coughing
similar to inhalation of nuisance dust particles if sand or gravel particles are inhaled.
Inhaling sand and gravel may cause discomfort in the chest, shortness of breath
and coughing.

Skin contact: Symptoms may include skin abrasion or redness if sand and gravel particles collide
forcefully with the skin.

Ingestion: Harmful if swallowed. May cause stomach distress, nausea, choking, and vomiting if
sand or gravel is swallowed.

OVER-EXPOSURE SIGNS/SYMPTOMS

Eye contact: Adverse symptoms may include the following: pain, watering and redness

Inhalation: Adverse symptoms may include the following: respiratory tract irritation and
coughing. Prolonged inhalation may cause chronic health effects. This product
contains crystalline silica. Prolonged or repeated inhalation of respirable crystalline
liberated from silica can cause silicosis and may cause cancer.

Skin contact: Adverse symptoms may include skin abrasion and redness.
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Ingestion: Adverse symptoms may include stomach distress, nausea, vomiting, or choking if
crushed stone is swallowed.

NOTES TO PHYSICIAN

Ensure that medical personnel are aware of the materials involved, and take precautions to protect
themselves. Pre-existing medical conditions that may be aggravated by exposure include disorders
of the eye, skin and lung (including asthma and other breathing disorders).If addicted to tobacco,
smoking will impair the ability of the lungs to clear themselves of dust.

FLAMMABLE PROPERTIES:
Noncombustible and not explosive.

EXTINGUISHING MEDIA:

Suitable extinguishing media:  Crushed Limestone is not flammable. Use fire extinguishing
media appropriate for surrounding materials.

Unsuitable extinguishing media: None known.

SPECIFIC HAZARDS ARISING FROM THE CHEMICAL
No specific fire or explosion hazard. Not a combustible dust.

THERMAL DECOMPOSITION PRODUCTS
None specific however contact with powerful oxidizing agents and acids may cause fire and/or
explosions (See section 10 of this safety data sheet).

PROTECTION OF FIREFIGHTERS:
No special precautions use protective equipment appropriate for surrounding materials.

e Mieasures

PERSONAL PRECAUTIONS:

Use personal protective equipment (PPE) specified in Section 8 (Exposure Controls/Personal
Protection). Also see Section 3 (Hazards Identification), Section 7 (Handling & Storage), and
Section 10 (Stability & Reactivity).

ENVIRONMENTAL PRECAUTIONS:
Do not allow spilled material to enter sewers or waterways.

METHODS OF CONTAINMENT:
Wet suppression can be used to minimize dust levels

METHODS FOR CLEAN-UP:

Clean up quickly and avoid generating dust. Spilled material where dust is generated, may
overexpose cleanup personnel to respirable crystalline silica-containing dust. Do not dry sweep or

Page 5 of 17



27

Solms Crushed Limestone
‘ \ CAPITOL
AGGREGATES INC

use compressed air for clean-up. Wetting of spilled material and/or use of respiratory protection
equipment may be necessary.

OTHER INFORMATION:
Notify appropriate local authorities of spills into sewers or waterways. See section 8 for further
information on protective clothing and equipment, section 13 for advice on waste disposal.

HANDLING:
Do not handle until all safety precautions have been read and understood. Keep formation of

airborne dusts to a minimum. Provide appropriate exhaust ventilation at places where dust is formed.
Do not breathe dust. Avoid prolonged and repeated exposure to dusts. Wet suppression can be
used to minimize dust exposure. Provide adequate ventilation. Wear appropriate personal protective
equipment. Observe good industrial hygiene practices. Avoid contact with eyes. Do not swallow.
Avoid generating and breathing dust. Good housekeeping is important to prevent accumulation of
dust. The use of compressed air for cleaning clothing, equipment, etc, is not recommended. DO
NOT use product for sand blasting. Blasting breaks down natural silica and creates freshly fractured
respirable crystalline silica which may lead to silica-related disease in persons exposed at levels
exceeding occupational exposure limits.

ADVICE FOR GENERAL OCCUPATIONAL HYGIENE

Eating, drinking and smoking should be prohibited in areas where this material is handled, stored
and processed. Workers should wash hands and face before eating, drinking and smoking. Remove
contaminated clothing and protective equipment before entering eating areas. See also Section 8 for
additional information on hygiene measures.

STORAGE:

No special storage procedures are necessary. Avoid dust formation or accumulation. Keep workers
off large piles of product to minimize dust levels or engulfment hazards. Do not enter a silo or other
enclosure containing bulk quantities of these products without using all appropriate safety
precautions as engulfment or suffocation may occur. Crushed Stone may form a surface crust which
appears solid but may not support the weight of humans. Accordingly, do not stand on crushed stone
without using all appropriate safety precautions, including, without limitation, properly employed
harnesses, lifelines and all other necessary safety equipment.

OTHER:

Also see Section 8 (Exposure Controls/Personal Protection)
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ection 8t Exposure Controls rsonal Protection

EXPOSURE GUIDELINES:

Exposure Limits
OSHA MSHA ACGIH
Component CAS No. respirable total dust respirable total dust respirable total dust
dust dust dust
Crushed
Limestone PEL PEL PEL PEL TLV TLV
(as Particulates Not 8hr-TWA: 5 8hr-TWA: 8hr-TWA: 5 8hr-TWA: 8hr-TWA: 3 8hr-TWA:
Otherwise mg/m® 15 mg/m° mg/m® 10 mg/m® mg/m® 10 mg/m°
Regulated or SEQ250
Nuisance Dusts)
Crystalline Silica PEL PEL PEL PEL TLV
Quartz 14808-60-7 8hr-TWA: 8hr-TWA: 8hr-TWA: 8hr-TWA: 8hr-TWA: N/A
10 mg/m® 30 mg/m® 10 mg/m® 30 mg/m® | 0.025 mg/m®
/(%Si02+2) /(%Si02+2) /(%SiO2+2) /(%SiO2+3)

APPROPRIATE ENGINEERING CONTROLS:

Good general ventilation (typically 10 air changes per hour indoors) should be used. Ventilation rates
should be matched to conditions. If applicable, use process enclosures, local exhaust ventilation, or
other engineering controls to maintain airborne levels below recommended exposure limits. If
exposure limits have not been established, maintain airborne levels to an acceptable level.

PERSONAL PROTECTIVE EQUIPMENT (PPE):

EYE/FACE PROTECTION
Wear safety glasses or goggles.

SKIN PROTECTION

Wear standard work gloves (leather, cotton, coated cotton, etc.) as needed to prevent abrasion.
Wear clothes with sleeve rolled down and collars buttoned, and trousers gathered at the ankles to
minimize skin contact.

RESPIRATORY PROTECTION

When handling or performing work with crushed limestone that produces dust or respirable
crystalline silica, a NIOSH approved respirator is recommended in poorly ventilated areas or when
permissible exposure limits may be exceeded. Wear a NIOSH approved respirator that is properly
fitted and is in good condition. Respirator selection must be based on known or anticipated exposure
levels, the hazards of the product and the safe working limits of the selected respirator. All
respirators must be NIOSH-certified.
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GENERAL HYGIENE CONSIDERATIONS

Practice good housekeeping and hygiene practices to minimize generating and spreading airborne
dust. Always wash areas of the body (hands, face, arms, etc.) that have come in contact with the
product. Always wash hands and face with soap and water before eating, drinking, or smoking.

QR 3 \ciral a ~H " |
Section 95 Physical and Chemice

Physical State: Solid. [Granular, Pebbles to Boulders] Lower and upper explosive (flammable) limits: Not applicable.

Color: White/Grayish Whitel or Tan Vapor pressure: Not applicable.

Odor: Odorless. Vapor density: Not applicable.

Odor threshold: No data available. Relative density: > 2.0

pH: As Calcium Carbonate 8-9. Solubility: Insoluble in water.

Melting point: No data available. Solubility in water: Not applicable

Boiling point: No data available Partition coefficient: n-octanoliwater: Not applicable.
Flash point: Non-combustible. Auto-ignition temperature: Not applicable.

Burning time: Not available. Decomposition temperature: Not applicable.

Burning rate: Not available. SADT: Not available.

Evaporation rate: Not applicable. Viscosity: Not applicable.

Flammability (solid, gas): Not applicable

Sectiion 105 Stability and Reactivity

REACTIVITY
Product is stable and non-reactive under normal conditions of use but reacts vigorously with acids to
form CO2. Ignites on contact with Fluorine.

CHEMICAL STABILITY:
Material is stable under normal conditions but reacts vigorously with acids to form CO2. Ignites on
contact with Fluorine.

POSSIBILITY OF HAZARDOUS REACTIONS:
Avoid contact with strong oxidizers such as acids which will react vigorously and form CO2.
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CONDITIONS TO AVOID:

Avoid generation of dusts. Avoid contact with strong oxidizers such as acids which will react
vigorously and form CO2. Crushed Limestone should not be mixed or stored with Fluorine,
Ammonium Salts, Aluminum, Hydrogen, Magnesium, or Acids.

INCOMPATIBLE MATERIALS:
Contact with powerful oxidizing agents such as Fluorine, Chlorine Tri-Fluoride, Manganese Trioxide,
Oxygen Di-Fluoride, Ammonium Salts, Aluminum, Hydrogen, Magnesium, or Acids.

HAZARDOUS DECOMPOSITION PRODUCTS:
Silica-containing respirable dust particles may be generated if dust is generated. Limestone
decomposes at 1742 degrees Farenheit to produce calcium oxide.

OTHER INFORMATION
See also additional precautions Section 5 (Fire Fighting Measures), Section 6 (Accidental Release
Measures) and Section 7 (Handling & Storage).

Section 11 Toxicologicall Information

INFORMATION ON TOXICOLOGICAL EFFECTS

Acute toxicity: Not classified. Limestone LD50/LC50 of >6000mg/Kg (Rat, oral). Limestone is not
listed by MSHA, OSHA, or IARC as a carcinogen but this product may contain trace amounts of
crystalline silica, which has been classified by IARC as a carcinogenic to humans when inhaled in
the form of quartz or Crystobalite.

Harmful if swallowed. May cause stomach distress, nausea, or vomiting
Irritation/Corrosion:

Skin: Not applicable.

Eyes: Not applicable.

Respiratory: May cause respiratory tract irritation.
Sensitization: Not applicable.

Carcinogenicity — May Cause Cancer

A; General Product Information:
The Occupational Safety and Health Administration (OSHA), the National Toxicology Program
(NTP) and the International Agency for Research on Cancer (IARC) have not listed crushed
limestone as a carcinogen.

B: Component Carcinogenicity Nuisance Dust-Crystalline Silica Dust
This product, however, may contain a constituent which is listed by IARC and NTP as

carcinogen. Respirable crystalline silica in the form of quartz or cristobalite from occupational
sources is listed by the International Agency for Research on Cancer (IARC) and National
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Toxicology Program (NTP) as a lung carcinogen. Prolonged exposure to respirable crystalline
silica has been known to cause silicosis, a lung disease, which may be disabling. While there
may be a factor of individual susceptibility to a given exposure to respirable silica dust, the risk
of contracting silicosis and the severity of the disease is clearly related to the amount of dust
exposure and the length of time (usually years) of exposure.

Chronic Toxicity
Specific target organ toxicity — (repeated/extended exposure), Crystalline Silica is considered
hazardous by inhalation. IARC has classified silica as a Group 1 substance, carcinogenic to
humans. This classification is based on the findings of laboratory animal studies (inhalation
and implantation) and epidemiology studies that were considered sufficient for carcinogenicity.
NTP has also classified respirable crystalline silica as a known carcinogen. Excessive
exposure to crystalline silica can cause silicosis, a chronic, progressive and sometimes fatal
lung disease which, in turn, increases the risk of pulmonary tuberculosis infection.

Mutagenicity: There are no data available.
Reproductive Toxicity : Not applicable
Specific target organ toxicity (single exposure): Not Applicable

Specific target organ toxicity (repeated exposure)

Name Category Route of Exposure Target Organs
Quartz 1 Inhalation Respiratory tract and kidneys

Aspiration Hazard: There are no data available
INFORMATION ON LIKELY ROUTES OF EXPOSURE

Symptoms related to the physical, chemical and toxicological characteristics:
Eye contact: Limestone dust: May cause irritation through mechanical abrasion. Discomfort in
the chest, shortness of breath, coughing. Adverse symptoms associated with eye contact with
particle debris include the following: discomfort, excess blinking, tear production, watering,
marked redness and swelling of the conjunctiva.

Inhalation: Limestone dust: May cause respiratory tract irritation. Adverse symptoms may
include respiratory tract irritation and coughing. Prolonged inhalation may cause chronic health
effects. This product contains crystalline silica. Prolonged or repeated inhalation of respirable
crystalline silica liberated from this product can cause silicosis, a fibrosis (scarring) of the lungs,
and may cause cancer.

Skin contact: Limestone dust: Adverse symptoms may include skin abrasion and redness.

Ingestion: Limestone dust: Harmful if swallowed. Adverse symptoms may include stomach
distress, nausea, or vomiting.
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[Eor | R a2 LSSV
. Ecologicaltinformatior

ECOTOXICITY

Not expected to be harmful to aquatic organisms. Discharging crushed stone, sand, dust and fines
into waters may increase total suspended particulate (TSP) levels that can be harmful to certain
aquatic organisms.

PERSISTENCE and DEGRADABILITY
Not Applicable

BIOACCUMULATIVE POTENTIAL
Not Applicable

MOBILITY IN SOIL
Not Applicable

OTHER ADVERSE EFFECTS
No other adverse environmental effects (e.g. ozone depletion, photochemical ozone creation
potential, global warming potential) are expected from this component.

isposal Considerations

Recover or recycle if possible.

REGULATORY INFORMATION
Disposal must comply with all applicable federal, state and local regulations.

WASTE DISPOSAL METHODS

The generation of waste should be avoided or minimized wherever possible. Disposal of this product
should comply with the applicable requirements of environmental protection and waste disposal
legislation and any regional local authority applicable requirements. Dispose of surplus and non-
recyclable products via a licensed waste disposal contractor. Do not allow fine particulate matter to
drain into sewers/water supplies. Do not contaminate ponds, waterways or ditches with fine
particulates. Waste packaging should be recycled. Incineration or landfill should only be considered
when recycling is not feasible. This material and its container must be disposed of in a safe manner.
Care should be taken when handling empty containers that have not been cleaned or rinsed out.
Empty containers or liners may retain some product residues. Avoid dispersal of spilled material and
runoff, and contact with soil, waterways, drains and sewers. Dispose of waste materials only in
accordance with applicable federal, state, and local laws and regulations.

HAZARDOUS WASTE CODE

Not Regulated. Crushed Limestone is used in many soil and construction applications, waste
material does not meet the criteria of a hazardous waste as defined under the Resource
Conservation And Recovery Act (RCRA), 40 CFR 261. Dispose of residual products and empty
containers responsibly and lawfully.
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UN NUMBER
Not Applicable

UN PROPER SHIPPING NAME
Not Applicable

BASIC SHIPPING DESCRIPTION:
U.S. Department of Transportation (DOT) Highway/Rail (Bulk): Not classified
U.S. Department of Transportation (DOT) Highway/Rail (Non-bulk): Not classified

ADDITIONAL INFORMATION:

The DOT description is provided to assist in the proper shipping classification of this product and
may not be suitable for all required shipping descriptions. Many local communities and jurisdictions
regulate the transporting of Crushed Stone in open vehicles or trailers requiring tarps, covering, or
other protections of the load.

formation

OSHA:
This product is considered Hazardous by the OSHA Hazard Communication Standard (29 CFR
1910.1200) and should be included in employers’ hazardous communication programs.

TSCA: y

Crushed Limestone is not listed on TSCA (Toxic Substances Control Act) inventory, however a
component Quartz (CAS 14808-60-7) is listed on the United States Toxic Substances Control Act
inventory.

CERCLA:
This product in not listed as a CERCLA hazardous substance

CLEAN AIR ACT

Clean Air Act Section 112 (b): Hazardous Air Pollutants (HAPs) — Not listed
Clean Air Act Section 602: Class | Substances — Not listed

Clean Air Act Section 602: Class Il Substances — Not listed

DEA

DEA List | Chemicals: (Precursor Chemicals) — Not listed
DEA List Il Chemicals: (Essential Chemicals) — Not listed
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SAFE DRINKING WATER ACT

Not Listed

SARA TITLE lil:

Hazard categories: Immediate Hazard — No
Delayed Hazard — Yes
Fire Hazard — No
Pressure Hazard — No
Reactivity Hazard - No

Section 302:

This product is not and does not contain an Extremely Hazardous Substance
Section 311/312:
The following materials are reportable under the Tier Il rules:
Crystalline Silica Quartz

Section 313:
The following TRI chemicals are present in this product:
Chemical Name _ CAS No. Wit%
None

INTERNATIONAL REGULATIONS
Not applicable since not shipped internationally.

US STATE REGULATIONS:

California Proposition 65:
This product contains the following chemicals known to the State of California to cause cancer:

Name CAS Number
Crystalline Silica 14808-60-7

California law requires the manufacturer to give the above warning in the absence of definitive
testing to prove that the defined risks do not exist.

Massachusetts Right To Know Substance List
Crystalline Silica (Quartz) (CAS 14808-60-7)
Respirable Tridymite and Cristobalite (other forms of crystalline silica) (CAS Mixture)

New Jersey Worker and Community Right-to-Know Act
Crystalline Silica (Quartz) (CAS 14808-60-7)
Respirable Tridymite and Cristobalite (other forms of crystalline silica) (CAS Mixture)

Pennsylvania Worker and Community Right-to-Know Law
Crystalline Silica (Quartz) (CAS 14808-60-7)
Respirable Tridymite and Cristobalite (other forms of crystalline silica) (CAS Mixture

Rhode Island Right To Know Substance List
Not regulated.
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Health: 1

Flammability: 0

Reactivity: 0

0 = minimal hazard, 1 = slight hazard, 2 = moderate hazard, 3 = severe hazard, 4 = extreme hazard

Capitol Aggregates Inc.
2330 North Loop 1604 West.
San Antonio, Texas 78248
(210)-871-6111

PRECAUTIONARY WARNING! :

CRUSHED LIMESTONE, (SOLMS CRUSHED LIMESTONE), IS NOT A KNOWN HEALTH
HAZARD. ALTHOUGH CRUSHED LIMESTONE MAY BE SUBJECTED TO VARIOUS NATURAL
OR MECHANICAL FORCES THAT PRODUCE SMALL PARTICLES (DUST), WHICH MAY
CONTAIN RESPIRABLE CRYSTALLINE SILICA (PARTICLES LESS THAN 10 MICROMETERS IN
AERODYNAMIC DIAMETER).REPEATED INHALATION OF RESPIRABLE CRYSTALLINE SILICA
(QUARTZ) MAY CAUSE DAMAGE TO LUNGS THROUGH PROLONGED OR REPEATED
EXPOSURE AND MAY CAUSE SILICOSIS A FORM OF LUNG CANCER. DO NOT USE
PRODUCT FOR SAND BLASTING. BLASTING BREAKS DOWN NATURAL SILICA AND
CREATES FRESHLY FRACTURED RESPIRABLE CRYSTALLINE SILICA WHICH MAY LEAD TO
SILICA-RELATED DISEASE IN PERSONS EXPOSED AT LEVELS EXCEEDING OCCUPATIONAL
EXPOSURE LIMITS. BEFORE USING, ALSO READ THE SAFETY DATA SHEET FOR THIS
PRODUCT FOUND AT WWW.CAPITOLAGGREGATES.COM.

KEEP OUT OF THE REACH OF CHILDREN (Poison Control No. 1-800-222-1222)

Product Identifier:
SOLMS CRUSHED LIMESTONE
CAS NO. N/A

Hazard Statement DANGER
Harmful if swallowed. May cause damage to lungs with prolonged or repeated exposure (inhalation).
May cause cancer, (inhalation).
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ABBREVIATIONS
ACGIH American Conference of Governmental Industrial Hygienists
CAS Chemical Abstract Service
CERCLA Comprehensive Environmental Response, Compensation, and Liability Act
CFR Code of Federal Regulations
DOT Department of Transportation
IARC International Agency for Research on Cancer
m? Cubic meter
mg Milligram
SDS Safety Data Sheet (formerly known as MSDS)
MSHA Mine Safety and Health Administration
N/A Not applicable
NFPA National Fire Protection Association
NIOSH National Institute for Occupational Safety and Health
NTP National Toxicology Program
OSHA Occupational Safety and Health Administration
PEL Permissible Exposure Limit
PPE Personal Protective Equipment
RQ Reportable Quantity
TLV Threshold Limit Value
TRI Toxic Release Inventory

TSCA Toxic Substance Control Act

NOTE: This SDS attempts to describe as accurately as possible the potential exposures associated
with normal use of this product. Health and safety precautions on this data sheet may not be
adequate for all individuals and/or situations. Users have the responsibility to evaluate and use this
product safely and to comply with all applicable environmental, health, and safety laws and
regulations.

Prepared in August 2015
Supersedes any and all previous versions (extensive revisions were made)

Disclaimer of Warranty:

While the information provided herein is believed to provide a useful summary of the hazards of
different types of Crushed Limestone designated above as commonly used, this SDS cannot
anticipate and provide all of the information that might be needed by every individual in every
situation. Inexperienced users should obtain proper training prior to using any Crushed Limestone
product and no one should use any Crushed Limestone product without following all applicable
safety laws and regulations related to its storage, handling, use and disposal and without first
understanding the potential hazards of Crushed Limestone. This SDS does not cover such potential
hazards.

The information provided in this SDS is believed by Capitol Aggregates, Inc. to be accurate at the
time it was prepared or it was prepared from sources then believed to be reliable. It is the
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responsibility of the user independently to investigate and understand other pertinent sources of
information and to comply with all laws, regulations and procedures applicable to the safe storage,
handling, use and disposal of Crushed Limestone. It is also the responsibility of the user to
independently determine the suitability or fitness of any of the products covered by this SDS for their
intended uses.

CAPITOL AGGREGATES, INC. MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS
OR IMPLIED, BY OR THROUGH THIS SDS CONCERNING THE PRODUCTS COVERED
HEREBY OR THEIR FITNESS FOR ANY PARTICULAR USE. LIKEWISE CAPITOL
AGGREGATES, INC. MAKES NO REPRESENTATIONS OR WARRANTIES REGARDING THE
ACCURACY OR COMPLETENESS OF THE INFORMATION SET FORTH HEREIN. THE
PROVISION OF THE SUCH INFORMATION IS NOT INTENDED TO BE, AND SHOULD NOT BE
CONSTRUED AS LEGAL OR OTHER ADVICE, OR AS ENSURING COMPLIANCE WITH ANY
PARTICULAR LAWS AND REGULATIONS.
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Solms Crushed Limestone
< } CAPITOL
AGGREGATES INC

Dear Customer

Whether you are a long term customer or a new contractor, we would like to thank you
for purchasing Capitol Aggregates Products. We are a Texas owned Company and
produce all of our products in the State of Texas. This Safety Data Sheet (SDS),
provided for the product you purchased or intend to use is a revision and replaces any
previous versions formerly known as Material Safety Data Sheets or (MSDS). We are
providing you this SDS as required by the Mine Safety & Health Administration’s
(MSHA), or the Occupational Safety & Health Administration, OSHA, and any
applicable State Right-To —Know laws. The requirements applicable to the OSHA and
MSHA Hazard Communication Standards can be found at 29 CFR 1910.1200 for
OSHA and 30 CFR 47 for MSHA.

It is an important responsibility for you as a customer or contractor to communicate
this information to your employees, customers, and contractors who may use, contact,
or be exposed to this product. It is also an important consideration and responsibility
for you to follow any applicable laws that require you to forward a copy of this SDS to
your customers or end users. Please direct this SDS to the person responsible for safety
and health compliance at your company as they may be able to assist you with any of
the necessary requirements. If you need additional copies or have questions about this
SDS please contact 210-871-6111, or visit us at www.capitolaggregates.com .

Spanish language versions will be available in the near future at
www.capitolaggregates.com .

Sincerely

AR —

Chuck Ross
Director of Safety
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EXPLANATION OF MAP UNITS

<\ Humid climate region (>30 inches (in.) average annual
precipitation)

<\ Dry climate region (<30 in. average annual precipitation)
— Approximate maximum extent of Pleistocene ice

Humid Climate Karst Lo e
[ Carbonate rocks at or near the land surface
Carbonate rocks buried beneath <300 feet (ft) of insoluble sediments  *
| Carbonate rocks buried beneath <50 ft of glacially derived insoluble sedlments £
| — Carbonate rocks buried beneath >50 ft of glacially derived insoluble sediments

— Unconsolidated calcareous or carbonate rocks at or near the land surface
| Unconsolidated calcareous or carbonate rocks buried beneath <300 ft of insoluble sediments

_ Evaporite rocks at or near the land surface
[ Evaporite rocks buried beneath <50 ft of glacially derived insoluble sediments
I Evaporite rocks buried beneath >50 ft of glacially derived insoluble sediments

Quartz sandstone buried beneath <50 ft of glacially derived insoluble sediments
Quartz sandstone buried beneath >50 ft of glacially derived insoluble sediments
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Rock mining operations, including limestone and gravel production, have considerable adverse
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blasting and increased truck traffic. This paper provides the first estimates of the effects of rock
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valuation of property-value-suppressing effects of rock mines on nearby houses. We improve upon
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unspecified nonlinearities, distributional heterogeneity as well as spatial dependence in the data.
We derive the consistency and normality limit results for our estimator as well as propose a
consistent model specification test. We find statistically and economically significant property-
value-suppressing effects of being located near an operational rock mine which gradually decline
to insignificant near-zero values at a roughly ten-mile distance. Our estimates suggest that, all
else equal, a house located a mile closer to a rock mine is priced, on average, at about 2.3-5.1%
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1 Introduction

This paper provides the first estimates of the effects of rock mining—an environmental disamenity—
on local residential property values. Rock mining operations, including limestone rock blasting and
gravel mining, have considerable adverse effects on residential quality of life primarily due to el-
evated noise and dust levels resulting from blasting and increased truck traffic. Exacerbating
matters, residential building activity and rock mining are also both pro-cyclical. Further, mining
operations naturally seek to minimize their transportation costs by locating closer to their con-
sumers in populated areas (Jaeger, 2006) thus increasing opportunities for opposition from local
homeowners and citizen groups due to negative externalities associated with the former.

To valuate the effects of rock mining, we estimate Rosen’s (1974) first-stage hedonic house price
gradient which has long been used to estimate implicit prices of non-marketable local public goods
or, as in our case, public bads from the housing market data. To this end, we focus on the rela-
tionship between a house’s price and its distance from nearby rock mine. This distance effectively
represents environmental amenity/quality, with better quality occurring at farther distances from
mines as customarily presumed in hedonic studies. Our analysis focuses on Delaware County, Ohio
which, given its unique features, provides a natural environment for the valuation of property-
value-suppressing effects (if any) of rock mines on nearby houses. According to the U.S. Census
Bureau, Delaware County has been among the two fastest growing counties in the state for the past
twenty years. At the same time, given its geology, the county has rich limestone formations that
have long been exploited as surface mines.! Consequently, residential and commercial expansion in
the county has been in conflict with traditional land uses: farming and, especially, rock mining.

In our analysis, we seek to improve upon the conventional approach to valuating adverse effects
of environmental disamenities based on hedonic house price functions. Specifically, in a pursuit of
robust estimates of property-value effects of rock mines located in the vicinity of residential real
estate, we estimate a house valuation function via novel (semiparametric) partially linear spatial
quantile autoregressive model. The motivation for developing our model is threefold.

First, our partially linear model allows the distance from a house to nearby rock mine to enter
the hedonic house price function in a completely unspecified nonparametric fashion thereby accom-
modating any potential nonlinearities in the relationship between property values and disamenity.
This constitutes a significant improvement over prior studies most of which assume linearity and
hence a constant marginal effect of the environmental disamenity on house prices. Few exceptions
in earlier work include Harrison & Rubenfeld (1978), Kohlhase (1991), Leggett & Bockstael (2000),
Hite et al. (2001), Cohen & Coughlin (2008) and Zabel & Guignet (2012) who model the disamenity
quadratically, logarithmically or as a series of range-based dummy variables. In contrast to the lat-
ter studies, ours however does not assume the form of nonlinearity a priori and instead lets the
data determine the nature of functional dependence between the distance to rock mine and house
prices. Furthermore, by having the price of a house vary with its distance to mine nonparamet-
rically, one no longer needs to prespecify the distance threshold beyond which the disamenity is
presumed to have a zero effect on property values. Motivated by the argument that the effects of
local disamenities are local in nature, the latter is usually done by fixing a spatial radius around a
given disamenity thereby defining a circular area to be included in the analysis (e.g., Nelson et al.,
1992; Reichert et al., 1992; Hite et al., 2001). In practice, the need to prespecify the radius is
oftentimes dictated by the fact that one is more likely to find counterintuitive results if “irrelevant”
data from far distances are included in the estimation of a parametric model that inherently cannot
accommodate unknown nonlinearities in the property-value effects of disamenities, unless correctly

1Source: Ohio Department of Natural Resources.
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prespecified. Our model is far more robust to this problem since it assumes no particular form of
nonlinearity in the relationship between property values and disamenity.

Second, it is well-known in the real estate literature that environmental disamenities are likely
to have heterogeneous impacts on residential property values with larger effects expected in more
expensive upscale neighborhoods and more modest effects in less expensive areas (e.g., Reichert
et al., 1992; Gayer, 2000). Nonetheless, virtually all earlier attempts at measuring the impact of
environmental disamenities on property values have done so by estimating a hedonic house price
function at the conditional mean. Such an approach delivers the marginal effect on the average
house price, which can be rather uninformative from a policy perspective even after controlling for
neighborhood characteristics because an “average” may not be representative of actual properties
within the same locality, especially in the presence of thick tails of the house price distribution. In
order to accommodate heterogeneous effects, we therefore assess the property-value impact of rock
mines at different conditional quantiles of the house price distribution. We accomplish the latter by
estimating a quantile regression model which, besides being more robust to the error distributions
including the presence of outliers, allows for distributional heterogeneity of the effects of rock mines
on property values.

Third, our model explicitly allows for spatial dependence in property values. By estimating
a spatially autoregressive hedonic price function, we are able to indirectly control for unobserved
neighborhood characteristics and shared local amenities (e.g., parks, playgrounds, traffic, air quality,
crime, etc.) that affect property values. The spatial lag measuring the average price of neighboring
houses serves as a good proxy for these unobserved neighborhood-wide attributes because, owing to
their shared nature, they are also priced into the observed values of neighboring properties. While
these characteristics can be partly controlled for using locality fixed effects, such an approach may
be unsatisfactory since it does not let characteristics of neighboring houses affect the price of a
given house (Anselin & Lozano-Gracia, 2009). However, by including the spatial lag in a hedonic
house pricing function, we are able to accommodate such cross-neighbor effects as can be seen
from a reduced form of our model whereby the conditional quantile of house price depends not
only on its own attributes but also on its neighbors’. Perhaps more importantly, the spatial lag
also contains information about (and thus can proxy for) unobserved property-specific attributes
such as curb appeal because a given property’s value, which is already reflective of its unobserved
characteristics, affects its neighboring house’s price through the “sales comparison approach” to a
real estate appraisal whereby real estate agents base their appraisals of properties on the sale price
information for houses in the neighborhood (see the references in Small & Steimetz, 2012). Thus,
our spatially autoregressive hedonic model is significantly more robust to the omitted variable bias

" problem, which the overwhelming majority of housing-market-based valuations of adverse effects of
environmental disamenities suffer from (Chay & Greenstone, 2005; Bajari et al., 2012). Prior papers
that have also employed spatial hedonic models are largely limited to Gawande & Jenkins-Smith
(2001), Brasington & Hite (2005) and Cohen & Coughlin (2008) although, unlike us, these studies
of environmental disamenities focus on more restrictive parametric conditional mean models.

Our econometric model itself is a stand-alone contribution to the literature. It constitutes a
practically useful fusion of semi/nonparametric quantile methods with models of spatial depen-
dence. While the econometric literature has recently seen a rapid development in the theory of
nonparametric estimation of quantile models (e.g., He & Shi, 1996; Yu & Jones, 1998; He & Liang,
2000; Lee, 2003; Honda, 2004; Kim, 2007), most such papers however do not allow endogenous
explanatory variables as well as rule out any cross-sectional dependence by focusing on the case of
i.i.d. data. In this paper, we consider quantile regression in the presence of endogeneity-inducing
spatial dependence in the outcome variable. Our model nests several special cases that have been
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studied in the literature with Su & Yang (2011) and Su & Hoshino (2016) being the two most
closely related papers [see Section 2 for more discussion]. Building on Chernozhukov & Hansen
(2006), we propose estimating our model via a two-step nonparametric sieve instrumental variable
(IV) quantile estimator. Under fairly mild regularity conditions, we show that our estimator is
consistent and asymptotically normal. Furthermore, given that our partially linear model nests a
more traditional fully linear spatial autoregressive model as a special case, one may naturally wish
to formally discriminate between the two. To do so, we propose a bootstrap model specification
test statistic which provides a vehicle for testing for a fully parametric specification of the spatial
autoregression as well as an overall relevancy of some covariates in the model. The motivation for
our test statistic comes from Ullah’s (1985) nonparametric likelihood-ratio test formulated for a
conditional mean model? which we extend to the quantile framework along the lines of Koenker &
Machado (1999). We show the proposed is a consistent test.

We find statistically and economically significant property-value-suppressing effects of being
located near an operational rock mine which gradually decline to insignificant near-zero values at
a roughly ten-mile distance. For residential property in the middle of the price distribution, our
estimates suggest that, all else equal, a house located a mile closer to a rock mine is predicted to be
priced, on average, at about 3.1% discount. The analogous average discounts for houses in the first
and third quartiles of price distribution are around 2.3 and 3.4%, respectively. For upscale property
in the 0.95th quantile, it is at an astounding 5.1%. As a back-of-the-envelope welfare calculation,
the above discount estimates imply the average loss in property value associated with the house
being located a mile closer to a rock mine ranging from $3,691 to $10,970 for houses within the
interquartile range of price distribution. For more expensive neighborhoods in the 0.95th quantile,
such losses can be, on average, as high as $28,410. Applying the estimated statistically significant
discounts to house prices at each observation lying within a 10-mile radius from the mine to predict
an increase in each property’s value if it were moved from its actual location to a (counterfactual)
10-mile distance from the mine, we find the aggregate property value loss associated with rock
mining in the area to be $68.4 million at the median. Overall, using our specification test, we find
that the proximity to rock mines does matter for residential property values.

The rest of the paper unfolds as follows. We first introduce our econometric model in Section
2, where we outline a two-step estimation methodology for it as well as provide its large-sample
statistical properties. Section 3 presents a model specification test. (We study the finite-sample
performance of our proposed estimator and the test statistic in a small set of Monte Carlo simu-
lations in Appendix B.) We discuss the data in Section 4. The empirical results are reported in
Section 5. Section 6 concludes.

2 A Partially Linear Spatial Quantile Autoregression

Following Jenish & Prucha (2012) and Qu & Lee (2015), we study spatial processes located on
a (possibly) uneven lattice space D C R? for some d > 1. Let Z, = {(Yin,Xin: Zin, Yins Eisn)
(i) € Dp,n > 1} be a triangular array of random fields defined on a probability space (Q, F, P)
with D, C D, where D,, is a finite subset of D, and I (i) refers to the location of the ith spatial
unit in D, which is equipped with some distance metric p (i, 7). For instance, we can let p(7,7) =
IL (i) —1(5)|| be a Euclidean distance between location (i) and I(j). Also, let |U| denote the
cardinality of a finite subset U C D. We consider the increasing domain asymptotics as described
in the following assumption.

2 Also see Fan et al. (2001) and Lee & Ullah (2003).
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Assumption 1 The lattice D is infinitely countable with |Dyn| = n, and o(i,7) > 00 > 0 for any
i .

We consider the following PLSQAR model for a given quantile index 7:

Yim = Pr0 D WijnYjn + XinBro + aro(Zin) +uin V7€ (0,1), (2
i

where y; », is the (scalar) outcome variable of interest; x;, and z;, are d, x 1 and d, x 1 vectors
of exogenous covariates, respectively; Z#i WijnYjn s the endogeneity-inducing spatial lag with
wijn being the (i,7)-th element of an n X n non-stochastic spatial weighting matrix W, such
that w;;, = 0 for all i and maxi<i<n [Ai {Wy}| < 1 where A\;{A} is the ith eigenvalue of some
n X n matrix A; pro € (—1,1) is a scalar varying spatial lag parameter function; B, is a dy X 1
vector of constant slope parameters; and a;p(-) is a scalar nonparametric function of z;,. For
identification purposes, x; 5 is assumed to include non-constant regressors only, and hence function
a70(-) subsumes a traditional constant intercept parameter. Therefore, we refer to aro(-) as the
“Intercept function”. Lastly, u; is the quantile error term such that

Prlujn < 01Xy, Zn, Myl =7 as. Vi=1,...,n, (2.2)
where X, = (X1, Xnn) and Z, = (Z1,n,...,%nn) are n X dy and n X d, data matrices,
respectively; and M, = (mip, ... ,mny.n)' is an n X d,, instrument matrix with m; ,, being a dp, x 1
vector of valid instruments for the endogenous spatial lag > i Wijm¥Yj,n-

Letting yn = W1y - -»Yn,n)’ and up = (U1p, - - ,Un,n) , we can rewrite our model (2.1) in the
matrix form as follows

Yn = proWnyn + Xn,BT,O + aT,O(Zn) + up, (23)

where a;o(Z,) = (ar0(z1,0), - - -5 ar0(2znn)) . From (2.3), it is evident that, by assuming that the

eigenvalues of W,, do not exceed one in absolute magnitude® and that the spatial lag parameter
lies within the unit circle, we ensure the non-singularity of I, — p;,0 Wy necessary to guarantee the
existence of the reduced form for our model:

yn = [In — PT,OWn]—l (anB’T,O +aro(Zn) + un) . (2.4)

The appeal of our proposed semiparametric PLSQAR model in (2.1) is at least two-fold. First,
not only does it accommodate heterogeneity in the spatial relationship by allowing some covariates
in the model (namely, z; ) to affect the outcome variable in a completely unspecified way thereby
admitting any potential unit-specific nonlinearities but it also allows for distributional heterogeneity
of the effects of X, and Z, on y,. The latter is accomplished by separate measurements of the
spatial relationship at different points of a response distribution. Second, unlike more conventional
conditional mean models of spatial dependence, our quantile model is more robust to the error
distributions including the presence of outliers.

Model (2.1) nests several special cases of quantile regressions that have been studied in the
literature. Perhaps, the two most closely related models are those by Su & Yang (2011) and Su &
Hoshino (2016). Specifically, if nonparametric intercept function o () does not vary with z; , and
is constant for any given quantile index 7, i.e., when o 0(2;n) = ar o for all z; », our model becomes
a (more restrictive) fully parametric linear spatial quantile autoregression (SQAR) considered by

3Which is satisfied if one standardizes a raw spatial weighting matrix by dividing all of its elements by its largest
eigenvalue in absolute value.
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Su & Yang (2011). On the other hand, our model can also be viewed as a special case of Su
& Hoshino’s (2016) varying-coefficient quantile regression where all parameter functions, except
for the intercept, are forced to be constant. However, while their model also features endogenous
regressors, it rules out any cross-sectional dependence by focusing on the case of i.i.d. data. In
contrast, our PLSQAR model relaxes the 4.7.d. assumption by allowing the spatial dependence in
Vn. In the case when the outcome variable exhibits no spatial dependence and hence pro = 0,
our model is no longer subject to endogeneity and essentially becomes an ordinary partially linear
quantile regression which has been rather extensively studied for i.i.d. data (e.g., He & Shi, 1996;
He & Liang, 2000; Lee, 2003). If one further restricts B, = 0Og4,, the model collapses to a fully
nonparametric quantile regression studied by Yu & Jones (1998). In case of exogenous regressors
only, some other closely related models include a varying coefficient quantile regression studied by
Honda (2004) and Kim (2007) for 4.i.d. data and Cai & Xu (2008) for the time-series case.

2.1 Sieve IV Quantile Estimator

Our estimation strategy relies on Chernozhukov & Hansen’s (2006) idea whereby the solution to the
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instrument-based quantile restriction (2.2) is essentially equivalent to the search for (pr0, ,BT 0 aro(zi, n))

such that zero is the solution to the usual quantile regression of y; n — pr.0 > i WijnYjn —X; B —
b
r0(2in) ON €X0ZENOUS (X4 n, Zin, Min), 1-€.,

0 €arg min E |G q | %in — pro Z WijnYjn = XinBro — r0(Zin) | — f(Xin, Zin, Min) 0|
et i

(2.5)

where ¢-{u} = u(r — 1{u < 0}) for some u € R is the so-called “check function” with 1{-} being
the indicator function, and f(-) € H is some measurable function.

Chernozhukov & Hansen (2006) pioneered this “instrumental variable quantile regression” ap-
proach for a parametric (fully linear) constant-coefficient model. Recently, it has been extended to
a broader class of semiparametric varying-coefficient models by Su & Hoshino (2016). Both papers
however assume 4.i.d. data, which is certainly not the case in our paper given the spatial depen-
dence in y,. We show that, under some regularity conditions, the approach nonetheless remains
valid even for the spatial data. Different from Su & Yang (2011) who study the fully parametric
special case of our model, we do so using the Law of Large Numbers (LLN) and Central Limit The-
orem (CLT) for spatial near-epoch dependent (NED) processes derived in Jenish & Prucha (2012).
In what follows, we outline the estimation methodology for our PLSQAR model. The asymptotic
results along with the necessary assumptions to support them are discussed in Section 2.2.

We approximate unknown nonparametric function using sieves [for an excellent review of the
sieve methods, see Chen (2007)]. Specifically, let {¢1 (-),#2 () ,...} be a sequence of B-spline series
(or the tensor product thereof). Then, for each z, we approximate the unknown intercept function
aro(z) by ¢ér, (2)' Ao where, for any integer x > 0, we denote a k X 1 vector of known basis

functions ¢, (1) = (¢1(u),...,¢x (v))', and the unknown parameter vector Ao is of dimension
L,. Hence, we can now rewrite our model in (2.1) as follows
Yim = Pro Y WignYin + XinBro + b, (Zin) Aro +uin V7 € (0,1). (2.6)
J#

Following Chernozhukov & Hansen (2006), we also restrict H to the following class of linear
functions:

H = {f (i, Bin, Mip) = Ml v}, (2.7)



where « is a d,, x 1 vector of constant parameters.

The sample counterpart of the objective function in the population instrumental variable quan-
tile regression (2.5) then takes the following form:

IR
Qn,‘r(/)aﬁ, A, 7) = ; Z Cr S Yin — /)Z WijnYjn — Xg,nﬁ - ¢Ln (zi,n),A - m;,npy . (2'8)
=1 j#i

Based on the rationale behind (2.5), one is to expect the estimate of .. to be close to zero when
the estimate of (pT,o, ,B’T’O, aT!o(-))/ is close to the true population value. Building on this intuition,

. .,
we can estimate unknown (pr.o, ﬂ;yo, Ot-r,o(')) in two steps.

Step 1. For a given value of p, we estimate the usual quantile regression of %, (p) =

/
Us Wi iU K T / / Y .
Yin — P j4i WijmYjm ON €xogenous covariates Xin = (xi{n, m; ., P, (Zin) ) to obtain the

“profiled” estimates of -9 (p) = (B,.0(p) s Yr0(p), Aro(p) )

~

1
0: (p) = arg min — Cr in (p) — Xi/ne Py, (2'9)
e 1; {#in (p) — Xi00 (0)}

where 0, (p) is an interior point of @, a compact subset of Rltdetdm+Ln and is the unique
solution to the population counterpart of (2.9):

0+ (p) = arg min E [¢- {gin (p) — X600 (p)}] - (2.10)
00(p)€®

Step 2. We minimize the weighted norm of 4_.(p) estimated in the first step with respect to
p to obtain our estimator of p,o:

5 = arg min 7,(p) VT, (p), (2.11)
p
where V,, is some d,,, X d,, symmetric positive-definite weighting matrix. Correspondingly,
the estimators of B, and Ao are respectively given by

B,=8,(p,) and A=A, (p,). (2.12)

Hence, for any given z, the sieve estimator of the unknown intercept function o o(z) is
&,(2) = ¢1,, (2) Ar. (2.13)

The implementation of our estimator warrants three remarks. First, assuming that x; , and z;
are strictly exogenous and relevant, a selection of linearly independent variables from W, X,,, W, Z,,,
W2X,,, W2Z,, ... provides a set of good instruments for the endogenous spatial lag Wy, Since
we only seek to obtain a consistent nonparametric IV estimator without pursuing optimality, we
use m; , = [(Wan); , (W, Zn)ﬂ, as our instruments, having removed any redundant terms, where
(WrA), = Zj# wijna; for A = Xy, Z,. Second, the outlined two-step estimation methodology
can be operationalized in the form of a grid search or, alternatively, both steps can be estimated
jointly via an automatic numerical search. In either case, it is imperative to impose appropriate box
constraints on p to ensure that it lies within the unit circle. Third, in the second-step estimation,

7
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an obvious practical choice for V,, is an identity matrix, as suggested by Chernozhukov & Hansen
(2006) and Su & Yang (2011). In fact, when d,, = 1 and our model is exactly identified, we can
show that the limiting distribution of our estimator is expectedly invariant to the choice of V. In
the case of an over-identified model, one however could improve asymptotic efficiency by weighing
7., (p) using the inverse of its asymptotic covariance matrix, which obviously would first need to be
consistently estimated. For tractability purposes, in our paper we set V,, = 1g,,.

2.2 Asymptotic Properties

The derivation of limit results for our proposed estimator requires the following assumptions.

Assumption 2 (i) {(Xin,%in)} is non-stochastic and uniformly bounded in absolute values; (ii)
Uin = bin (Xn,Zn,€n) is a function of Xy, Zn and en such that Pr (uin <0) = 7 holds almost
surely for all i, and €n, = (E1,n, - - -,En;n) 5 an n x 1 vector of errors with uniformly bounded vari-
ances; (iii) {u;n,1 (i) € Dy} is uniformly La-NED on {€jyn,1 (i) € Dpn} with the NED coefficients
of 1 (s) = O(s75) for some s > d, and the a-mizing coefficients of {ein} satisfy o (k,l,7) <
(k+ 1Y a(r) for some v > 0 and Y02, r¥+tD-1G (r) < oo, where the NED concept is defined
over Fin (8) = 0 (€jn,L (j) € Dn,0(i,j) < s), the smallest o-field generated by {ein} located in the
s-neighborhood of the spatial unit 7.

Assumption 2(i), also used by Qu & Lee (2015), permits a simple exposition of our assump-
tions without loss of generality and can be relaxed to allow stochasticity with bounded moment
conditions. Under Assumption 2(ii)—(iii), {¢in,! (¢) € Dy} is a weakly dependent spatial process
with heteroskedasticity. To conserve space, we refer the reader to Jenish & Prucha (2009, 2012)
for definition of the spatial a-mixing and NED process including « (k,1,7) and @ (r). Since X, and
7., are non-stochastic, the stochastic property of u; , is determined solely by its location [ (i) and a
nonlinear moving average of ,. According to Jenish & Prucha (2012), Assumption 2(iii) holds if
maxi<i<n E[a?n] < M < oo and the overall contributions (i.e., weights) of {&;,} in absolute values
are ignorable among far-away spatial units. The convergence speeds of the mixing coefficients and
the NED coefficients to zero are the same as those in Jenish (2016).

To see the validity of Assumption 2(iii), consider an example of u;n = 04 n€in, where {€;,} is
an i.i.d. error with finite variance and o;, = Ao+ A1 > i WijnYjn + Xé’nAQ + A3(2i,n). Combining
with (2.3)—(2.4), we have that

Tn = Moin + X2 + A3(Zn) + MGXnB, o + MGrarp (Zn) + M Grépon, (2.14)

where o = (01,0, - - - ,J,,L,,n)/, &, = diag {e1n,...,Enn}, and i, is an n x 1 vector of ones. Further-
more, letting S, (p) = I, — pW,, and G, (p) = W, S, (p)_l, we define S, = Sy, (pr0) and G, =
G, (pr0) the latter of which has a typical element g;j. If the random matrix I, — A\ G, &y, is invert-
ible almost surely,* o, is an MA (co) spatial process of {€;}. Roughly speaking, {cin,! (i) € Dn}
is Ly-NED on {;n,1 (i) € Dp} by Proposition 1 in Jenish & Prucha (2012) if lims—c0 SUP, 1(5)eD,,
2 1) Dm (i) >s [9idn| = 0. Consequently, {tin,l (i) € Dy} is Lo-NED on {gj»,1 (i) € Dp}.

4Let e (A) be the largest eigenvalue of A in the absolute value, where A is an n X n matrix with a typical element a;;.
Then, e(A) < ||A],, where |A|l, = maxi<j<n Y i, laij| by Seber (2008, Property 4.68). Now, [[In — A1 Gnénl; <
11 — M1gjjn€in] + M| maxicicn 2o 19i5] |€n] < 1 holds almost surely if [|Gall; < M < oo, {€in} has a compact
support, and A; is small enough (Seber, 2008, p.472), where ||Gn||; < M < oo is a regularity assumption commonly
imposed in the spatial autoregressive literature (e.g., Kelejian & Prucha, 2010).
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Assumption 3 (i) S, (p) is a nonsingular matriz over p € A, and pro is an interior point of A,
a compact subset of R; (ii) there exists a positive integer N such that both W,, and S, (p) have
finite row- and column-sum matriz norms for allmn > N and p € A,; (i11) |wijn| < c10 (i,j)_czd for
some positive constants ¢ and cy > /d.

Assumption 3(i)—(ii) are the regularity conditions (e.g., Kelejian & Prucha, 2010). Assumption
3(iii) deviates from Qu & Lee (2015) by assuming gradually decaying spatial weights as the distance
between two spatial units grows, which includes the case when |w;j;,| = 0 if o (4, 7) is greater than
some threshold value.

Assumption 4 (i) There ezxists an Ly x 1 vector Aro such that

sup |lar (2) — AL opr, (2)] < ML;E (2.15)
ZESz

for any p € A, and some £ > 2 as L, = oo; (i) {¢; (-)} is uniformly bounded over all | such that

s, || = sup, / k61 (2) = O (VIn).

Since S, is a compact set, B-spline tensors can be used to construct the basis functions. Hence,
Assumption 4 holds if a; (+) is p-smooth with uniformly bounded derivatives up to order p for some

p>&.

Assumption 5 Define vy, (p) = [In+ (pro — p) Gnlu, and let vin (p) be its ith element. (i)
Vi (p) has cdf Fy, (p) (v) and pdf fu, () (v), and f, () (v) is continuously differentiable and
uniformly bounded up to its first derivative with respect to v € R and p € A,; (it) there exists two
finite constants ¢ and ¢ such that 0 < ¢ < Amin {27 (0)} < Amax {2+ (p)} < € < 00 uniformly over
p € A,y (1i) Az is a nonsingular matriz, where X; (p) and Az are respectively defined in (A.6) and
(A.9) in Appendiz A.

Since v; 5, (p) is a linear combination of {u;,}, applying our earlier arguments and under As-
sumptions 2—3, in Lemma 1 in Appendix A we show that {v;, (p),l (i) € Dy} is also an Ly-NED
on {&in,l (i) € Dy} with the NED coefficients of 9 (s) = O (s°). Assumption 5(ii) ensures the
existence of the estimator calculated in Step 1, while Assumption 5(iii) ensures the existence of
the second-step estimator.

Assumption 6 Asn — oo, L, — 00, nLy % =0 and L2 Jn— 0.

Assumption 6 is an assumption on the smoothing parameter L, to ensure the consistency of
our proposed estimator. Specifically, letting L, = ¢n? for some ¢ > 0Assumption 6 implies that
0<1/(26-1)<g<1)2.

Assumption 7 Fy,, (u|tin) and fu,, (ulliys) are, respectively, conditional cdf and pdf of uin = u
conditional on Uin = 3,4 Gijntjn, and fu;, (ul8in) is uniformly bounded and continuous up to
the second-order derivatives with respect to u.

Assumptions 1-6 are used to show the consistency of our first-step estimator, whereas Assump-
tion 7 is used to derive the asymptotic normality results of the second-step estimator.

~

6: (¢) — 60 (9)| = Oy (VIuin).

Theorem 1 Under Assumptions 1—6, we have that max,cy, ‘

9
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Theorem 2 Under Assumptions 1-7, we have

,BT_PT,O
ot - d ~ d
Va2 B, - B | % N(OLigra,) and ./n/w,,,T(aT(z)—aT,o(z)) 4 N(0,1),
W

where 3y, and wy r are defined in the proof of this theorem in Appendiz A.

From the proof of this theorem, we see that 3, is a nonsingular matrix under Assumption

5(ii)—(iii) and that w,, = O (VIn).

Remark 1. We study the finite-sample performance of our proposed two-step estimator in a
small set of Monte Carlo simulations, the discussion of which is relegated to Appendix B. Overall,
the results are encouraging, and simulation experiments support our asymptotic results.

3 Specification Testing
We next consider a model specification test which permits testing several useful hypotheses. Specif-
ically, for a Tth spatial quantile autoregression written as
Yin =0 | D WijnYjn Xigs Zims T | + Ui = 6i(T) + Ui, (3.1)
J#

we consider the following null hypotheses about the form of its conditional quantile function gilr):

Ho(i) : (7)) = pro Z WijmYjm + XinBro + (1, 2in) 810 (3.2)
JF#i

Ho(ii) 1 ¢i(7) = pro Y Wijn¥jn + Xi nBro + 010, (3.3)
J#i

against the alternative (the PLSQAR model):

Hi:  gi(7) = pro Y Wijm¥jn + XinBro + 0r0(zin)- (3.4)
J#i

Alternatively, the above null and alternative hypotheses can be rewritten as follows: Ho(i) :
Pr[ar0(Zin) = (1,2in) 80] = 1 for some &, € Rz against Hy : Prloro(zin) = (1,2i0) 07 <
1 for any 8, € RY™%, and Hy(ii) : Prlaro(zin) =0r0] = 1 for some d;0 € R against H; :
Pr[ar0(2zin) = 67] < 1 for any é; € R. The null in (3.2) is meant to test for linearity of the con-
ditional quantile function in z;,. In practice, one may choose any desired parametric specification
for the intercept function ao(-) to test against the nonparametric alternative in (3.4). The second
null in (3.3) is essentially the test of overall relevancy of z;y.

To test these hypotheses, we essentially propose a nonparametric likelihood-ratio test based on
the comparison of the restricted and unrestricted models. The motivation for our test statistic
comes from Ullah’s (1985) nonparametric test that compares residual sums of squares under the
null and the alternative (also see Fan et al., 2001; Lee & Ullah, 2003). The idea behind this test,
which is formulated for a conditional mean model, can be extended to the conditional quantile
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framework along the lines of Koenker & Machado (1999) whereby the estimated residual sum of
check functions effectively plays the role of the residual sum of squares. Specifically, for any given
quantile index 7, we consider the following residual-based test statistic:

o _ RSCor — RSCy,
T T RSG,,

(3.5)

where RSCj ; is the residual sum of check functions under Hy computed as RSCy » = > i (G {Uin}
with Ui, = yin — Gi(7) being the quantile residual defined as the difference between y;, and the
consistent estimate of ¢;(7) under either of the two null hypotheses in (3.2)—(3.3); and RSC1; is
the residual sum of check functions under H; computed as RSCy, = 2?21 ¢r{Win}, where U;p
is the residual from our second-step estimator, i.e., Uin = Yin — &(7) = ¥i — Pr Zﬁéi WiinYin —

Xfi’n,@,, — Q7(2in). Residuals under Hy can be obtained via Su & Yang’s (2011) estimator.

Theorem 3 Under Assumptions 2—5, under Hy we have that T, LY 0, while under Hy we have
Pr [T, > My] — 0 for any non-stochastic, positive sequence M.

See Appendix A for the proof. Thus, T}, is a consistent test. Intuitively, the test statistic is
expected to converge to zero under the null and is positive under the alternative. Hence, the test
is one-sided. We suggest using bootstrap for approximating the null distribution of 7T;,, especially
given that residual-based nonparametric tests are well-known to perform rather poorly in finite
samples when relying on asymptotic critical values. Bootstrap methods however offer a means to
improve their finite-sample performance. For fixed 7 € (0,1), we use the following wild (residual)
bootstrap procedure modified to suit the asymmetric loss function used in the quantile estimation:®

(1) Estimate the restricted model under either of the two nulls in (3.2)—(3.3) to obtain residuals
{ﬂi,n; 1= l, e ,n}.

2) Generate two-point wild bootstrap errors by setting v}, = wq X |u; | with probability (1 —7
y ,n ’
and uf,, = wa X [i;y| with probability 7, where wy = 2(1 — 7) and wy = —27.
(3) Construct the bootstrap sample {y,;"n,zj#i WijnYins Xins Zign & = 1,...,n}, where y;, is

generated from the restricted model under the appropriate null:

L, — 5y W, Xn,éT+[in,Zn]ST+u,*l) for Ho(i)

Vi = _ B ~ - (3.6)
") [ = 5 Wl ™ (X + inds + u;;) for Ho(ii),
where y5, = (Y5 s -+ > Unn) and W = (U 5 up 5)"

4) Reestimate both the restricted and unrestricted models using the bootstrap sample from step
p
(3) to obtain bootstrap residuals {u},; i = 1,...,n} and {},; ¢ =1,...,n} under Ho and
H;, respectively.
(5) Compute the bootstrap test statistic 7 = (RSC§, — RSC},) /RSC} ., where RSC§, =
n bt n P
>ic CT{U‘;(,n} and RSCT,T =2 i1 Gr uf,n}-
5Feng et al. (2011) show that a traditional wild bootstrap procedure is invalid for quantile estimators due to nonlinear

score functions associated with the check-function-based objective function. Alternatively, Sun (2006) introduces a
modified wild bootstrap method applicable to testing in the quantile regression framework.
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(6) Repeat steps (2)—(5) B times. Use the empirical distribution of B + 1 bootstrap statistics,
where the first bootstrap test statistic equals the test statistic calculated from the raw data,
to obtain the upper a x 100th percentile value ¢, for a given a € (0,1). Use this ¢, to
approximate the upper percentile (critical) value of the test statistic 75, under Hg. We wil
reject Hg if the bootstrap test statistic is greater than c,.

Monte Carlo simulations (discussed in Appendix B) show that the bootstrap T, test has quite
an accurate size and exhibits superb power which rises with the sample size, as expected.

4 Data

Our data come from Delaware County Auditor’s Office and were obtained in the form of ArcGIS
parcel shapefiles. Each parcel record contains information about house and other property charac-
teristics such as house and lot size, number of rooms, etc. (see Table 1 for a full self-descriptive list
of variables). Based on land-use codes, we retain only records containing arm’s length single-family
home transactions. We do so because hedonic models require competitive housing markets with
buyers and sellers whose willingnesses to pay and accept are formed based on property character-
istics only. Our operational sample includes 5,500 sale transactions that took place in the county
during the 2009:1-2011:3 period (roughly, two years).

There are four rock mines in the county, three of which are no longer operational. All are surface
mines. They were located from geographic coordinates of parcels owned by the mining companies
(Ohio Department of Natural Resources, 2010, 2011) and were further verified using Google Earth.
The only operational mine (state mine number: Del-5) also happens to be the largest of all by an
order of magnitude. It is located in the Southwestern part of the county near the city of Delaware
and is about 510 acres large, which is almost triple the size of an average farm in the county
(187 acres). In the case of Delaware County, all mines are limestone (but colloquially called gravel
mines) and thus are subject to dynamite blasting which creates a far greater nuisance than other
types of mines such as composite mines. Given that other mines in the county were no longer in
operation by the period of our study and hence did not generate noise, dust and traffic, in our
analysis we solely focus on the operational Del-5 mine, which is not only very large but is also
located in an area of high urban growth.

Because our data are explicitly georeferenced, we use a standard software routine to calculate
straight-line distances from each property to the mine centroid. This distance proxies environmental
amenity associated with rock mining, with better quality occurring at farther distances from mines.
We opt for such a measure over the alternative measures of environmental quality associated with
disamenities such as the number of disamenities within a certain distance of a property because,
in our case, we have a single occurrence of a large disamenity spread widely throughout the area.
Further, since our econometric model allows environmental impacts to be nonlinear, the use of
straight-line distances as a measure of environmental quality does not appear that problematic.

We also match our data with the neighborhood-specific demographic variables at the Census
block level from the U.S. Census Bureau. Specifically, we include the black” population share,
median income and the property tax rate in the neighborhood. We use these variables as observable
controls for neighborhood characteristics (in addition to the spatial lag term as discussed in the
introduction). We opt for these continuous measures of neighborhood characteristics over discrete

5Based on Google Earth Pro measurements.
"Variables for other non-white population groups have been consistently found to be insignificant, and their exclusion
has affected the results in no material way.
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Table 1. Data Summary Statistics

Variable Units Mean 5th Perc.  Median 95th Perc.
House Price thousands $ 258.42 64.00 232.49 552.50
Distance to Rock Mine  thousands ft. 49.12 12.92 51.14 80.27
Square Footage ft.2 2,452.99 1,188.00 2,360.00 4,054.05
Acreage acres 0.78 0.15 0.30 3.18
Age years 20.42 0 10 108
Story Height cardinal number 1.79 1 2 2
# of Bedrooms cardinal number 3.58 3 4 4
# of Bathrooms cardinal number 2.95 1 3 5
# of Fireplaces cardinal number 0.83 0 1 1
Garage Capacity cardinal number 1.29 0 2 3
Attached Garage binary indicator 0.551

Full Basement binary indicator 0.447

Partial Basement binary indicator 0.457

Attic binary indicator 0.095

Central A/C binary indicator 0.885

Black Population Share % pt. 3.27 0.00 1.88 11.11
Median Income thousands $ 80.04 36.40 81.20 113.00
Property Tax Rate % pt. 1.87 1.39 1.92 2.23

The last three variables are at the Census block group level.

locality fixed effects primarily out of computational considerations because quantile estimation is
known to performs rather poorly in the presence of multiple binary covariates.

5 Empirical Results

We estimate the hedonic house valuation function in the form of our PLSQAR model in (2.1),
where we let the distance to nearby rock mine enter the function nonparametrically as a “2”
variable with the rest of hedonic attributes included parametrically as “z” variables. All right-
hand-side covariates appear in levels except for square footage and acreage to which we apply
the logarithmic transformation. In the case of the number of bedrooms, bathrooms and age, we
also include quadratic terms. Following the literature, we take the logarithm of the left-hand-side
house price (the “y” variable) thereby facilitating the interpretation of marginal effects in terms of
percentages, allowing for nonlinearities and ensuring the outcome variable can take any real value.

Given the highly uneven distribution of houses in space, we use a distance-based k-nearest-
neighbor type of spatial weighting matrices to model spatial relationship across properties. The
latter helps ensure that each house gets neighbors whose prices are deemed “relevant” (by getting
relatively large weights) in predicting its value. The use of alternative distance-based weighting
matrices, where the spatial weights are decaying functions of distance, leads to an undesirable
situation when houses in highly urbanized localities have multiple “relevant” neighbors that are as-
signed large weights and houses in a sparsely populated countryside hardly have any such “relevant”
neighbors, which obviously is inaccurate because appraisers are willing to look far for comparable
properties when valuating houses in rural areas. We select the number of nearest neighbors that
minimizes the AIC criterion for the median model. The data favor k = 5, which we use throughout.

When estimating the model, we approximate the unknown nonparametric intercept function
ar0(-) via cubic B-spline sieves, the order of approximation for which (in this case, the number of
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knots) is also selected by minimizing AIC. Throughout, we use spatial lags of continuous house-
specific attributes (log square footage and log acreage) as our instruments. We do not include lags
of other exogenous attributes into the instrument set because they are discrete and lead to severe
multicollinearity and convergence problems.

Since the objective of our paper is to assess property-value-suppressing effects of rock mines on
nearby property (and in order to conserve space), in what follows we primarily focus on the results
concerning the relationship between a house’s price and its distance from the mine. Consistent with
the notion that rock mines are an environmental disamenity that creates negative externalities such
as dust, noise and additional traffic, our expectation is the positive relationship between the two
variables implying that the houses located farther from mines would be appraised at higher values.
(The results pertaining to other house attributes are relegated to Appendix C.)

As discussed earlier, most studies pursuing the housing-market-based valuation of adverse wel-
fare effects of environmental disamenities estimate a linear hedonic price function, which rather
restrictively assumes constant marginal impact of the disamenity on house prices. Few papers that
do explore potential nonlinearities have largely favored a quadratic form (e.g., Kohlhase, 1991;
Hite et al., 2001) which, given its reliance on an a priori functional form assumption, is still sub-
ject to potential misspecification. We circumvent these problems by letting the distance between
the house and a rock mine (2) enter the house valuation function in a nonparametric fashion
[through an unspecified intercept function a,o(:)] thereby accommodating any potential nonlin-
earities in the relationship between (log) property values and the distance to the mine. We first
examine the sensitivity of empirical results to potential functional-form misspecification of ao(-).
To do so, in addition to our semiparametric PLSQAR model of house prices, we also estimate a
fully parametric SQAR model under the following two specifications of the intercept function: (i)
aro(2) =aor + a1,2 + ag-2% and (ii) ar0(2) = aor + a1,72. These specifications imply quadratic
and linear functional forms of the relationship between the log price and z, respectively. Comparing
the results from our flexible PLSQAR model, which lets the data determine the shape of ao(+), to
those from a parametric model under these two specifications enables us to empirically assess the
extent to which the hedonic estimates of property-value-suppressing effects of rock mines on nearby
houses are sensitive to “correct” functional form specification of the house price function. Such a
comparison is especially interesting given the wide popularity of linear and quadratic parameter-
izations in the literature. The parametric model under both specifications of ao(-) is estimated
via a two-step procedure following Su & Yang (2011). To conserve space, we focus on the median
quantile (7 = 0.50) when comparing these alternative models.

Figure 1 plots the estimated intercept function across the three models. Our preferred PLSQAR
model, which estimates a;(z) nonparametrically, points to a rather steep relationship between
the house price and its distance to the mine when the house is located in a close vicinity from a
mine (smaller values of z) with a diminishing gradient that ultimately plateaus at around a 10-mile
mark.8 Such a shape is remarkably consistent with one’s expectation that the property-value effects
of environmental disamenities are a local phenomenon and that rock mines would not impact values
of distant properties (with larger values of z). The latter can also be seen from Figure 2, which
graphs the estimated gradient of the intercept function along with its 95% confidence bounds. The
figure is indicative of a significant positive effect of z on the log house price within roughly a 10-mile
radius of the mine that eventually decreases to a statistically insignificant gradient.

Comparing our model to its parametric alternatives, we expectedly find that parametric models
are more susceptible to a functional-form misspecification. While the quadratic model does success-
fully find a decreasing gradient of a;(2) in a close proximity from the mine, it is however unable

8 Just above z = 50 thousand feet.
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Figure 1. Estimated Intercept Functions of the Distance to Rock Mine for the Conditional
Median Model [Note: Shaded is the kernel density of the distance variable]

to detect that rock mines appear to become rather irrelevant for the (median) price of houses lying
outside their 10-mile radius zone. In fact, a parabolic relationship estimated by the quadratic model
rather counter-intuitively suggests a negative (and statistically significant) relationship between the
two for large values of z [see Figures 1 and 2]. This illustrates the sensitivity of parametric mod-
els (due to their inflexibility) to the inclusion of data on properties that are located farther from
the disamenities and thus are less, if at all, impacted by negative environmental externalities they
generate. To avoid this problem, researchers employing parametric specifications therefore usually
have to prespecify a spatial radius of potential impact around the disamenity (e.g., Nelson et al.,
1992; Reichert et al., 1992; Hite et al., 2001). However, such an a priori choice of the radius is
oftentimes ad hoc in nature; whereas our model, owing to its nonparametric approach to modeling
the distance to disamenity, essentially detects the radius of non-zero impact directly from the data.
Lastly, fitting a linear SQAR model mitigates the problem but at a cost of producing a linear re-
lationship characterized by a rather misleading “average” gradient. The latter can be vividly seen
in Figure 2 which shows that, due to its inherent inability to allow for nonlinearities and hence
heterogeneity across units, the linear SQAR model tends to grossly under-estimate the gradient.

However, the gradient estimates of a;(z) plotted in Figure 2 cannot be interpreted as repre-
senting marginal partial effects of z on (median) house prices due to the appearance of spatial
lag of house prices on the right-hand side of the estimated quantile function. Hence, to ob-
tain partial effects, we consider a reduced form of the fitted outcome variable at the 7th quan-
tile: ¥, = [In — ﬁ.rWn]_1 (XnBT + aT(Zn)), from where we have the following n x n matrices of

marginal effects:

oy - ~ -1 , 00, (z1,n) 007 (2n,n)
=1, — — N, NI 1
97 I, — prW,] " x dlag{ B, "7 B , (5.1)
o e i .
EXT = [In_p‘rwn] X ﬁ-,-’j V] = ].,...,d;,;, (52)
])n
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Table 2. Summary of Statistically Significant Point Estimates of ME of
the Distance to Rock Mine on Conditional Median of Property Value

Entire Sample Within 10-Mile Radius
TME DME IME | TME DME IME

Nonparametric

5th Perc. -0.0853 —0.0597 -0.0257 | 0.1192 0.0831  0.0363
25th Perc. 0.1477 0.1037 0.0433 | 0.2946 0.2030  0.0885
50th Perc. 0.4629 0.3243 0.1396 | 0.5810 0.4046  0.1751
75th Perc. 0.8023 0.5581 0.2403 | 0.8560 0.5957  0.2575
95th Perc. 1.0740 0.7520 0.3227 | 1.0793 0.7566  0.3245

Mean 0.4836  0.3379  0.1456 | 0.5768 0.4031  0.1737
Quadratic

5th Perc. -0.3221 —-0.2263 -0.0943 | 0.1271 0.0897  0.0372
25th Perc. -0.1506 —0.1071 -0.0439 | 0.2044 0.1449  0.0599
50th Perc. 0.1836 0.1300 0.0535 | 0.4338 0.3065  0.1272
75th Perc. 0.5108 0.3572 0.1508 | 0.6130 0.4332  0.1789
95th Perc. 0.7199 0.5063 0.2110 | 0.7395 0.5226  0.2167

Mean 0.1964 0.1386 0.0577 | 0.4146 0.2929  0.1217
Linear

5th Perc. 0.1646 0.1113 0.0505 | 0.1646 0.1113  0.0506
25th Perc. 0.1646 0.1124 0.0508 | 0.1646 0.1113  0.0506
50th Perc. 0.1646 0.1131 0.0514 | 0.1646 0.1131 = 0.0515
75th Perc. 0.1646 0.1137 0.0521 | 0.1646 0.1137  0.0522
95th Perc. 0.1646 0.1140 0.0533 | 0.1646 0.1140  0.0533

Mean 0.1646 0.1129 0.0516 | 0.1646 0.1129  0.0517

The reported estimates are in % per 1,000 ft.

where X;n, = (%j1,...,2jn) is the jth column of X,. In the spirit of LeSage & Pace (2009), we
refer to the diagonal elements of the gradient matrices of ¥, in (5.1)—(5.2) as direct marginal effects
(DMEs) and to the off-diagonal elements as indirect marginal effects (IMEs). We analyze marginal
effects row-by-row which implies a “to a house” interpretation, i.e., how the change in a given
covariate across all houses affects the price of the ith house. Hence, the summation of elements in
the ith row of the gradient matrices in (5.1)—(5.2) provides a measure of the total marginal effect
(TME) on the ith house. Also note that, because by design the maximum-eigenvalue-standardized
k-nearest-neighbor spatial weights matrix employed in the estimation is in fact row-stochastic,
TMEs of covariates that have constant gradients (i.e., all “2” variables and, in the case of a linear
parametric SQAR model, also variable z) are the same across all observations and are equal to the
corresponding gradient times (1 — pr) 1.

The point estimates of total, direct and indirect marginal effects of the distance to nearby mine
onto the median (log) house price across the three models are summarized in Table 2. Given that
insignificant estimates are statistically indistinguishable from zero (implying no effect), here and
henceforth, we focus on statistically significant estimates of marginal effects only. For inference
within each model, we use the 95% bootstrap percentile confidence bounds.? As expected, the
results are starkly different across the models, with parametric specifications consistently under-
estimating the magnitude of marginal effects of the distance to rock mine on the property value.
When considering the entire sample, we find that, in part due to the presence of a large number of

9We use 499 bootstrap replications throughout.
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houses for which negative marginal effects were estimated, the quadratic model produces estimates
of marginal effects on median house values that, on average, are about 59% smaller than those
obtained from our semiparametric PLSQAR model. The results from a linear model are even more
timid (smaller by 66% on average). Focusing on the more economically relevant results confined
to a 10-mile radius zone around rock mines, we find that our PLSQAR model suggests the average
TME of the distance to the mine on median house prices at around 0.57% per 1,000 feet, 0.40%
points of which are the direct effect. The quadratic and linear models however yield significantly
smaller estimates with the corresponding average TMEs of about 0.42% and 0.17% per 1,000 feet,
which are 28% and 71% smaller than their nonparametric counterpart, respectively. The marked
difference across our semiparametric model and its two parametric alternatives is apparent not only
at the average values of marginal effects but along their entire distributions across houses.

Our comparison of the results from the proposed semiparametric model and those from its
two parametric counterparts, until now, have largely been casual. However, given that both the
linear and quadratic specifications are the special cases of our PLSQAR model, we can formally
discriminate between the models by means of a specification test described in Section 3. Namely,
both parametric median SQAR models can be cast as restricted models under the null of the first
type Ho(i) given in (3.2) to be tested against our unrestricted PLSQAR model. We reject the null
in favor of our proposed model in both cases with the bootstrap p-value no larger than 0.032. We
also entertain a third specification for the parametric SQAR model whereby a;o(2) = ap,, for all
z, which effectively assumes that z is an irrelevant hedonic attribute that has no effect on the house
price. This “constant in 2” model serves an auxiliary purpose and is estimated solely in order to
facilitate the test of overall relevancy of the house’s proximity to a rock mine for its value. In terms
of the types of null hypothesis described in Section 3, this restricted model falls under the second
type of nulls Ho(ii) given in (3.3), which we test against our PLSQAR model. The corresponding
bootstrap p-value is 0.038 suggesting that the proximity to rock mines does matter for residential
property values.

Given the data lend strong support to our more flexible semiparametric model of house prices,
in what follows, we therefore report the results from our PLSQAR model only. Furthermore, in the
light of our earlier findings, we focus on the results confined to a local 10-mile radius zone around
the mine (2,956 observations) which appear to be the most economically relevant,©

Table 3 summarizes statistically significant (house-specific) point estimates of marginal effects
of the distance to nearby rock mine on the 0.25th, 0.50th, 0.75th and 0.95th conditional quantiles
of the house price from our PLSQAR model. (We caution the reader against confusing quantiles 7
of the house price distribution for which model is estimated with quantiles of the fitted distribution
of observation-specific marginal effects for each 7.) By looking at different quantiles of the house
value distribution, we are able to investigate the potentially heterogeneous impact of rock mining
on residential property of different values thereby looking beyond the results for properties of a
“typical” value delivered by standard conditional mean models. Given the tendency of quantile
models to be noisier when fitted far in the tails of the distribution, in our analysis we therefore
primarily focus on the interquartile range of the conditional house price distribution (setting 7 =
{0.25,0.50,0.75}) which should give us sufficient insights into distributional effects, if any, of rock
mines on house prices. That said, motivated by the proposition oftentimes claimed in the literature
whereby environmental disamenities have significantly larger effects on expensive upscale properties
(Reichert et al., 1992; Gayer, 2000), we also estimate our model at the 0.95th quantile to examine
if the negative effects of rock mines are especially amplified when located near the most expensive
houses. Overall, the results in Table 3 lend strong support to heterogeneous distributional value-

10T improve accuracy and to achieve better convergence rates, we still use the full sample during the estimation.
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Table 3. Summary of Statistically Significant Semiparametric Estimates of ME of the Distance to
Rock Mine on Conditional Quantiles of Property Value within 10-Mile Radius

TME DME IME | TME DME IME

0.25th Q. of Property Value 0.75th Q. of Property Value
25th Perc. 0.3252 0.2182 0.1057 0.3565 0.2676 0.0887
50th Perc. 0.4781 0.3221 0.1571 0.6788 0.5105 0.1688
75th Perc. 0.5645 0.3803 0.1839 0.9979 0.7457 0.2491
Mean 0.4442 0.2993 0.1450 0.6493 0.4875 0.1618

0.50th Q. of Property Value 0.95th Q. of Property Value
25th Perc. 0.2946 0.2030 0.0885 0.5150 0.3893 0.1256
50th Perc. 0.5810 0.4046 0.1751 0.9952 0.7505 0.2437
75th Perc. 0.8560 0.5957 0.2575 1.3304 1.0048 0.3268
Mean 0.5768 0.4031 0.1737 0.9739 0.7354 0.2385

Reported are the estimates (in % per 1,000 ft) from the PLSQAR model.

suppressing effects of rock mines on the prices of nearby houses, the magnitude of which increase
with the value of these houses, as expected. This distributional heterogeneity in the marginal effects
can be seen even more vividly in Figure 3 which plots the distribution of the TME estimates across
quantiles of the house price distribution. The figure also points to an increase in variability (i.e., a
higher degree of heterogeneity across individual houses) of the TME estimates as house prices rise.

As we move from the first to third quartile of the house price distribution, we find that the
average estimate of TME of the distance to nearby rock mine on house prices significantly increases
from 0.44% to 0.65% per 1,000 feet [see Table 3]. When we focus on the most expensive properties
at the 0.95th quantile, the TME goes up even further with the corresponding median estimate of
about 1% and a half of point estimates being even larger than that; the mean estimate is 0.97%
per 1,000 feet. For residential property in the middle of the price distribution (7 = 0.50), our
estimates suggest that, between two identical houses, the one located a mile closer to a rock mine is
predicted to be priced, on average, at about 3.1% discount.!! The analogous average discounts for
houses in the first and third quartiles of price distribution are around 2.3 and 3.4%, respectively.
For upscale property in the 0.95th quantile, it is at an astounding 5.1%. This is rather expected
because of income sorting whereby higher income households have higher ability to pay for better
environmental quality: in this case, distance from a disamenity. Conversely, households with lower
incomes and less expensive homes are perhaps more willing to substitute environmental quality for
other, more necessary, house characteristics. As a back-of-the-envelope welfare calculation using
unconditional sample quantiles of house values corresponding to the fitted quantile functions,'?
the above discount estimates imply the average loss in property value associated with the house
being located a mile closer to a rock mine ranging from $3,691 to $10,970 for houses within the
interquartile range of price distribution. For more expensive neighborhoods in the 0.95th quantile,
such losses can be, on average, as high as $28,410. We can further extend the welfare analysis to
obtain aggregate property value losses due to the houses’ proximity to rock mine by applying the
estimated discounts to actual house prices at each observation in order to predict increase in each
property’s value if it were moved from its actual location to a (counterfactual) 10-mile distance from

115 98 thousand feet times the mean estimate of 0.58% per 1,000 feet. The average discount estimates for other
quantiles of house price are obtained similarly.
12 And assuming a constant marginal willingness to pay.
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Semiparametric Estimates of TME of the SAR Parameter across Quantiles (with the
Distance to Rock Mine on Conditional 95% bootstrap confidence bounds)

Quantiles of Property Value within 10-Mile
Radius across Quantiles

the mine. Applying this method to properties with statistically significant total marginal effects!?
of the distance lying within a 10-mile radius from the mine, we find a total property value loss of
$68.4 million at the median, which would have a significant impact on public goods expenditures
in the county, especially on schools, because of lost tax revenue amounting to approximately $1.3
million per annum.

Our estimates of marginal effects also indicate a decreasing (relative) importance of IMEs for
residential properties of higher values. While the indirect effects working through neighbors, on
average, contribute 37.8% to the TME of z; on the log house price at the first quartile of the
property value distribution, their average contribution falls quite dramatically to 26.6% for the
houses at the third quartile. A plausible explanation for this is that less expensive properties may
have very different interior quality levels resulting in more unobserved heterogeneity as compared
to higher priced houses. Thus, in more expensive neighborhoods, the adverse effects of nearby rock
mines are “priced in” directly during the valuation as opposed to via a spillover comparison to
neighboring properties. In other words, we find that spatial dependence in house prices decreases
as the value of property rises. To see this, consider the estimates of spatial autoregressive parameter
which measures spatial dependence in the data. We summarize the estimates of p; g, along with
their confidence bounds, across different 7 of the conditional house price distribution in Figure

13Thereby conservatively assuming that the value of houses with insignificant marginal effects of the distance wound
not increase.
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4. Tt is evident that the SAR coefficient declines as we move from the left to the right tail of
the distribution implying that neighborhood effects are more pronounced in less expensive areas.
This result is similar to Liao & Wang’s (2012), who estimate a fully parametric hedonic quantile
model (however, with no environmental disamenities considered) and also find that the spatial
autoregressive parameter declines between the 30th and 70th quantiles. Nonetheless, our estimated
spatial effects are statistically significant throughout the entire house price distribution thereby
indicating that the failure to account for spatial dependence, as usually done in the literature on
housing-market-based valuations of adverse effects of environmental disamenities, would likely yield
inconsistent estimates. This substantiates our spatial-econometric approach to hedonic modeling.

6 Conclusion

This paper provides the first estimates of the effects of rock mining—an environmental disamenity—
on local residential property values. We estimate the relationship between a house’s price and
its distance from nearby rock mine in Delaware County, Ohio. We improve upon the conven-
tional approach to valuating adverse effects of environmental disamenities based on hedonic house
price functions by developing a novel (semiparametric) partially linear spatial quantile autoregres-
sive model which accommodates unspecified nonlinearities, distributional heterogeneity as well as
provides a means to indirectly control for unobservable house and neighborhood characteristics
using the spatial dependence in the data. Our model constitutes a practically useful fusion of
semi/nonparametric quantile methods with models of spatial dependence. We estimate it via a
two-step nonparametric sieve IV quantile estimator. We also propose a model specification test.

We find statistically and economically significant property-value-suppressing effects of being
located near an operational rock mine which gradually decline to insignificant near-zero values at a
roughly ten-mile distance. Our estimates suggest that, ceteris paribus, a house located a mile closer
to a rock mine is priced, on average, at about 2.3-5.1% discount, with more expensive properties
being subject to larger markdowns. As a back-of-the-envelope welfare calculation, the above dis-
count estimates imply the average loss in property value associated with the house being located a
mile closer to a rock mine ranging from $3,691 to $10,970 for houses within the interquartile range
of price distribution. For more expensive neighborhoods in the 0.95th quantile, such losses can be,
on average, as high as $28,410. Applying the estimated statistically significant discounts to house
prices at each observation lying within a 10-mile radius from the mine to predict an increase in
each property’s value if it were moved from its actual location to a (counterfactual) 10-mile distance
from the mine, we find the aggregate property value loss associated with rock mining in the area
to be $68.4 million at the median.

Appendix

A Brief Mathematical Proofs

For any z # 0 and y, we have

o=} =G} =ver )+ [ (o< -T{e <0}t (A1)

where ¢, {u} =7 —I{u < 0}.
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Lemma 1 (i) Under Assumption 8, we have SUp,i)cp, 2 1(;)eDn,o(ij)>s |9iin| < Ms=%; (i)
under Assumptions 2—8, {vin (p),1 (i) € Dy} is uniformly Ly-NED on {€in,l (i) € Dy} with the
NED coefficients of 1 (s) = O (s~°); (iii)

LS ) (i () — B [Funpy in )]} B B Oitrarrn (A2)
n i1

where Nip (p) = (p— pro) 2j=1 Yijm [Xg-,nﬁr,o +aro (Zj,n)] + %}, [Br (p) = Bro] + 0 (2im, p) —
a0 (Zin) + m”i,n’)”r (p) and o3 (zin, p) = P, (Zi,n)l Az (p)-
Proof. (i) Under Assumption 3, we have G, = WasS, =Wy oo (,DT,OWn)k =W, + pT,OW% +

p2 W32 + ..., and hence we have

2 3
Gijm = Wijn + Pro sz‘l,nwzy’,n + P70 Zwug,n Z Winly,nWiijn | + Pro E Wils,n Z Wigly,n

I£i lai £l lsi Ll
k
X Z Wiyl Wiy | +--- + P70 Z Z . Z Wil nWiyl_q,n - - - Wialy nWipjn “+ ...
L#l bAil—1#l, L#l

For all j such that I (j) € Dy, and o (i,5) > s, we have

29 —cod cod 0o
S el < aX it (5) TG [ et
U(j)€Dn,0(i,5)>s k=1 Pro J1
_ c1s~e2d [c2d]+1 ([cad] + 1)! (= In pr o) 21k
(In pT,O)[CQd]Jr2 — ([cad] + 1 — E)! i ’

where [a] is the largest integer smaller than @ > 0. This completes the proof of (i).
(i) By definition, vipn (p) = in + (Pro — p) D=1 GijmWjn- Applying Minkowski’s and condi-
tional Jensen’s inequalities yields

i () = E i () [Fim Oy < Nt — B [winl Fin (8)]llg + om0 = £1 D 91| im — B [l Fin ()]l
j=1

My (s)+2lpro—pl D gignl ltgnlly -
{7:0(3,5)>s}

IN

This completes the proof of (ii).
(iif) Given the above results, applying Theorem 1 in Jenish & Prucha (2012) yields (A.2). m

Proof of Theorem 1. Denote 9, (p) =+vn [5., (p) — 0:p (p)], Y () = Yin — P 2521 WijmYin —
X! 0,0 (9) = Vi (9) — T and Yi (5) = Vi (5) — 02, (). Then, for any given p € A,,

9, (p) minimizes
n

Qn (07 () = =3 (6 Win (9} = & (V2 (0)}) (43)

i=1

22



62

which is convex in 9, (p). We can show that, under Assumptions 2 and 5,
n
Pr ZH {}/':n (p) =0} =0(1)| =1 almost surely over all p € A,,. (A.4)
i=1

We consider

@ (07 (0)) = E1Qn (0 ()] + 220" X (o1 (¥ (00} — B [ir ¥ (9)}]) + R (92 ().
' i=1

Denoting t;, = n_l/QXi"n'ﬂT (p) and applying (A.1) and (A.4), we obtain

E[Qn (8- ()] = %ZE [ { Y (0) = 072,90 (0) ) = G {3 (0}

Q

St ok o (Y5 0N + 13 [ EI((0) <8} -1 {3 () <0} a
i=1 =l

«'_97_ L n N 1 L tin
= n3(//;) > XinE [or {Yin (D} + - > /0 (Bt (hin () + 1) = Foya(y (i (0))] it
i=1 =1
9r (/))/

YD) Z XinE [0 {Yi7 (P)}] +
i=1

T(p)/’if (1, (P)) Xini , 07 (p) + O (h)w
2n? — vi,n(p) \'lin ,ntinVr 2 NG )

where Fviyn(p) (ni,n (p) +1) _Fvi,n(p) (Min (p)) = fvi,n(p) (ni,'n () t+f1lli,n(p) (Tin () t2/2 with ;5 (p)
lying between n; », (p) and ;5 (p) + ¢, and

1 n ti,n B
E Z;/O f‘llii,n(p) (n‘i,n (P)) t2dt

under Assumptions 5—6.
Next, we consider Ry, (97 (p)) =n"1 Y0 (Qin (p) — E[Qin (p)]), where

Qin(p) = & {Yin(0)} =& {Yih ()} — 020, (p) Xior {¥i% ()}

tin
- /0 L {0in () < 7im (0) + £} — T {0in () < mim (0)}] dt.

83

M O
< 55 2|t () = 0, (n72L2) = 0, (1)
i=1

Since Qi (p) is a function of v; , (p), {Qin (p) ;1 (i) € Dy} is uniformly Ly-NED on {e;,1 (i) € Dyn}
with the same NED mixing coefficients as those for {v; (p),l (i) € Dp}. It is readily seen that

5 gLy (s) < MY, 8751 < M because ¢ > d, and E [|Q,-,n (p)|2+5] <E [|t,-,n|2+5] <

s=1
Mn~+9/2[2+0 5 () for any § > 0 as n — co under Assumption 6. By Lemma A.3(a) in Jenish
& Prucha (2012), we obtain Var [R, (9, (p))] < ML3/n3/? under Assumption 2(iii). Hence, we

obtain Ry, (9 (p)) = O, ((Ln /\/5)3/2).
Combining the above results gives

19;3(/’;) D Xiner {Yin (0)} +2in19¢ () Br(p) 9:(p) +0p (1) (A.5)
i=1

Qn (9+(p)) =
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under Assumption 6, and this result holds uniformly over p € A, by the convexity lemma of Pollard
(1991), where

% (p) = Jim n~ ) E [Fscnte) (i (9))] Xin Xl (A.6)

by Lemma 1(iii). It then follows that

'57 (p) = Z Xinpr { } +0p (1) (A7)

holds uniformly over p € A,. So, we obtain

~ =1 n
vn [HT (p) — 670 (/’)] = —ZTT:)) D[ = L{vin (p) < 1in (p)}] Xijn + 0 (1). (A-8)
i=1

Applying Lemma 1(ii) and the CLT of Jenish & Prucha (2012, Theorem 2), we obtain that
/2 L (I {v1 n(P) <nin(p)} —E[l{vin (p) < Nin (p)}]) Xin = Op (1) element by element, where
_1 Zz:l {T —E[[{vin (p) < nipn (p)}} Xin = 0 since this term is the first-order condition of

- (p) — 60 (0)|| = Op (VIu/n)

maxy, (,) E [Qn (97 (p))]. Hence, under Assumption 5(iii), we obtain

uniformly over p. This completes the proof of this theorem. m

Proof of Theorem 2. In Step 2, we calculate p; = argmin, ,(p) Vn¥,(p), where 7, (p) =
¥ 0(p)+0p (1) uniformly over p by Theorem 1. Since 4, (p) is continuous in p and v, o(p) Vay,o(p)

has a minimum value at p,, we obtain p; e pro by Theorem 2.1 in Newey & McFadden (1994).
710H = OP (1)'

When p = pro, we have v;n (pr,0) = Uin, Min (Pr0) = Ao (Zin) — @ro (zin), and

Since 67 (p) is continuous in p, we have

n
3 = 2, (pro) = lim. nY " fui, (0) XiX{ by (2.15) and (A.6).
§=1

Let p, be a constant satisfying p, = pro0+o0 (1), and denote }A/;-,n (Pn) = Yin—pPn Z#i Wi g —
Xi”né} (pn) =Y, (/)n)+X! (970 (pn) — 0, (pn)). By Lemma A.2 in Ruppert & Carroll (1980), we

have Op (1) _1/2 Zz 197 {Yz n (/)n)} in. Let Xi,n (,0, 9) = Y7 {yi,n - /)Zj¢i WijnlYjn — Xi,’,ng (P)} Xin
and E [Xin (9,07 (90)] = B (i (9,6 ()] 5 003)=(pn 3, () 22 cecompose

220 {Bun (o)} i = 1n§";[xzn(pn, (o)) ~ B [ (5B (50|
=1

E [Xin (pn: 8- (on) )]

3 -t
M=

First, since E [xin (p, 05 ()] = E[7 —I{vin (p) < Nipn (p)}] Xin, we have

(pr0 — P) Tin + Min (P)
L+ (pr0 — P) Giin

S

Efr —1{vin (0) < min ()] = E[Fu“(owm) (
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_ — = Pro0 — P
= B [Gindur, Cnltin)] 1700
Nin (P)

-E [fw,n (Ei,nmi,n)] 1+ (PTO _ ,0) Giin

if 14-(pr.0 — p) Giin > 0, where &, lies between 0 and [(pr.0 — p) Tin + Min (P)][1+ (pro—p) gii,n]_l.
Therefore, if limy, 00 inf1<i<n [1 + (Pr,0 — Pn) Giin] = ¢g > 0, we obtain

71—5 gE [xz',n (pn, 0, (pn))] ~ — A1V (pro — pn) — A2Vn (97,0 (pn) — 0> (pn)) ,

where
1 — n
A= ”h—{lgo E 2; [1 % (pT’O B Pn) gii’"]HI B f"‘i,n (Olﬂi,n) Ui + Zl 9ijn [X;}nﬁr,o +oro (Zj,n)] Xin,
1= j=
n
Ay = dim =3 (14 (pro — pi) Gitn) VE [fugs (O10)] KoKl (A.9)
n—o00 7, 4 ~ I n) Ju,n Ui n i,n intin
1=

Second, Jenish (2016) has proven the stochastic equicontinuity result of an empirical process
for the smooth function of a NED spatial process and finite parameters. Applying Theorem 5 in
Jenish (2016), we obtain that the equicontinuity result also holds for Ay, (p, 6 (p)) here, i.e.,

|40 (9ns8r () = B (pr0, 650 (pr0)| = 05 (1), (A.10)

where
1 <& . "
Ano = Ap (pr,0,070 (prp)) = % Z (‘PT {Yi,n (,07,0)} —E [‘PT {Yz,n (p‘r,O)}]) Xin- (A.11)
=1

Third, combining the above results yields
Vi (87 (pn) = 070 (pn) ) = = A3  Ano + A3 A1/ (pro — pn) -

Partition below matrix/vector conformably with 1, 2 and 3 corresponding to Xjn, m;n and
@1, (zin), respectively:

A AL AR AR T A Auos
Ar=| A |, Ayl =| AP AP AP | = A2 and Appo= | Ano2
AL A AR AP ] LA Ano
Then, we have
3 n) n .Al _Al
ﬁ( gT EZ ;—57’2 gﬁ ; ) T [ «é } A [ Aé ] Arv/n (pro — pn) - (A.12)

In addition, from Step 2, we have p; = arg min,, A (pn) VoAr (pn). Applying the CLT of
Jenish & Prucha (2012) gives

hhno 5 N(0,€}02e;)
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with

n n
Q, = nli_l)lolo n! Zl 21 XinCov [or {uin}, r {ujn}] X]{‘n =0(1)
=1 9=

by Lemma A.3 in Jenish & Prucha (2012), where e; is any one of the column vectors of 14, 1d,,+L,-

It follows that /7|7, (pn) — Vo (pn)|| = Op (1), which implies that /7 (pr0 — pr) = O (1). Con-
sequently, we obtain

-1
VA (Br — pro) = [A’l (Ag)’vnAgAl] Ay (A2) VA2 Ang = MpAnp.
Therefore we have

3 _ 1
\/ﬁ( gT E,ﬁ:; - gﬂg EZ:; ) N [ ﬁ% } (AM)p = Ta, 4 dm+La) An0

so that we obtain
d

— - ~ 1
VS [ b= oo Br-Brp ] % NOD,

where , = PQ, P’ with P = [M;, o [(Aé)', (A%)'H/ and O = AyM, — Ty a4 Ln-

Lastly, we have

VL[, () ~ aro (2)] = Vg, (2) (Ar = Aro) = bp,, (@) A ALM, — TaptdpeL] Ano,

\/1/wnr [Br (2) — arp (2)] 5 N(0,1),

where wyr = ¢, (z) A3TQ, ¥ (Ag)/ ¢, (z). This completes the proof of this theorem. m

and hence obtain

Proof of Theorem 3. By definition, RSCy; = > i ; ({Uin} and RSC1r = Y71, G {lin} with

~ S ~ )~

Uin = /)r Z WijnYjn — L’nIB Z‘i,naT = }/i,‘n,O (pT) +m;y,,
J#

~ ~ y ~ ~ I~

Tim = Yin— Pr Y WisnYim — XonBr — 8r (i) = Yign (Br) + miAs,
J#

where Y; 0(P) =Yin PZ];Az WijnYjmn — X3, nlBTO (p) — z 070 (p) —mj n'YTO (p); Y (p) is defined
the same as in the proof of Theorem 1 and, to sunphfy notation, we let z; mclude 1 in the model

under the null. Denoting x; ,, = [ngn, - mg’n} and Y no (p) = Y0 (P) — X; [GT (p) — 6-p (p)} ;
we have

n
n—lRSCOJ = nt Z ¢r {}/i,n,O (ﬁT) + mg,nﬁvlr}
i=1

= _12 G ¥in0 (B} = G (X0 (B Y] + 071 D G (Vo ()} +
=1

n~t Z ¢ {Yz‘,n,o (pr) + mg,nﬁ'/T} — G {Yino (5r)}]

i=1

26

65



66

n

- Qn 0 ( ) ! ZCT {11 n,0 'DT } +n I Z [CT {lliy‘nyo (ﬁT) + m;j,n:?ﬂ-} - CT {E,n,O (,BT)}]

i=1

Z Xin'Pr {ui,n}
i=1

: Z Xinpr {Uin}
=1

z:’7',0

+n7t Z G {uin} +op (7Y,
i=1

where, following the proof of Theorem 1, we have Qo (97 (p)) =n~t >0, [QT {Yino(p)} - & { a0 (P )}] ,
and 370 = limp 0021 Y1y fuin (0) X;X;- In addition, we obtain

n'RSC1r = ') G {Yin (Pr) + mi,7, )
=1
= Qu (8- (7)) +n IZCT{ )} + 1Y (6 Vi (Br) + M7, — G {Yin ()]
i=1

Q

2;1

1
"2_712‘ |:Z Xi,n@’r {ui,n}
i=1

by the proof of Theorem 1.

n
Z Xi,nSOT {uz,n}
i=1

+n7t Z Cr{uin} +op (n7h)
i=1

Therefore, under Hy, we obtain
RSCy, — RSCy, ~ (3;1,12;13”,1 - B;,OE;an,o) /2,

where Bpo = n~1/2 Zl 1 Xin®r {tin} and Bp1 = n -1/2 Xinpr{tin}. By Seber (2008,
Property 20.17), Bl e 1Bp.1 can be rewritten as a hneeu combmatlon of dy + dpm + Ly, independent
chi-squared random variables and Bj, ;3 OB .0 can be rewritten as a linear combination of d;+dm +
d, independent chi-squared random variables. Since n 'RSC}, = n~t > " & {uin} + 0p (1) 2
n~13"  E[¢ {uin}] by the LLN derived in Jenish & Prucha (2012), we obtain that

r _ RSCos — RSC1, (B%JE? 1B — B;L,Oz;,(l)Bn,O> /2 < Ln>
n = ~ =0Up .

RSC - Z?:l E (& (uin)]
Under Hy, following the proof of Theorem 1, we can show that there exists parameter 0, (p;) =

(Prs O 7’,)’ # 670 such that pr —pr = Op (n_l/g) and 6, (p)—06+(p) = Op ('n,_l/Q) uniformly over
p € Ap. Then, it follows that

1RSCOT =n 1ZCT{§znO(/)T +mzn'77-} ~n ZCT{ znO(/jT)} =0p (1),
i=1
because }/z n,0 (pT) = ¥Yin — 57' Z];éz WingYjm — X;,‘n IBT (ﬁT) - Zg,néT (57‘) - mrli,‘n’YT (IBT) = Uin +

(pro — Pr) Zj;éi wij,nyj,n‘f'xé,n (:BT,O - B (/57'))‘*‘0“7,0 (Zi,n)_zg,n&r (57)_m§,n’)’r (r) = uin+0p (1)
uniformly over . Hence, we obtain

RSCU,T = RSCl,T - nt ﬁ [CT {Y;*n 0 (57')} - CT {ui,n}] B 1
RSCy» - n=13°" K¢ {uin}] =0p(1).

T, =
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B Monte Carlo Simulations

In this section, we evaluate the finite-sample performance of our proposed estimator and the test
statistic in a small set of Monte Carlo simulations.

B.1 Estimator

We generate the data using a random-coefficient “rendition” of our model in (2.1). Specifically, our
PLSQAR model can be motivated by the following random-coefficient partially linear model:

Yim = Po(WVin) D WisnYjn + Xi,n B85 (Vi) + af(Zin, Vin), (B.1)
i

where v, L (Xq, Zn,M,) is the scalar random disturbance. In the structural framework, v;
can be interpreted as capturing heterogeneity in the outcome variable y; , due to some unobserved
factors. Further, if following Chernozhukov & Hansen (2005, 2006) one were to assume that v, ~
i.i.d. U(0,1) and that the so-called structural quantile function of interest

¢ | Y wignYin Xim Zin, T | = £6(7) Y Wijm¥in + X nBo(7) + 05 (Zin, T) (B.2)
i i

is such that 9q(:,7)/07 > 0, the event {yin < p5(T) 24 WijnYjn+X; ,B0(T) +05(2in, T)} becomes
equivalent to the event {v;, < 7}. Then, it is straightforward to establish the following quantile
restriction:

Prluf,, < 0|Xn,Z,,M;] =T, (B.3)

R
where, in an analogy to our model in (2.1), the new quantile error term is defined as ’ll,;n = Yin —
Po(T) D2 j2i Wigin¥in — X} ,Bo(T) — aj(2in, 7). Clearly, (B.1) and (B.3) are respectively analogous
to (2.1) and (2.2).

Thus, we use the following process to generate the data:

Yi = po(U.i) Zwijyj + :L‘iﬂo(v.i) + ao(zi, ’Ui) Vi=1,..:3n (B.4)
J#

where the variables are randomly drawn as follows: z; ~ i.i.d. U(=1,1), z; = 0.5z + & with
& ~ ii.d. N(0,1), and v; ~ i.i.d. U(0,1). Following Kelejian & Prucha (1999) and Jin & Lee
(2015), we choose a circular “1 ahead and 1 behind” structure of W, where a given spatial unit is
related to one neighbor immediately ahead and one neighbor immediately behind it in a row. Each
of these two neighbors are assigned an equal non-zero weight of 0.5. When specifying parameter
functions, we consider the following two data-generating processes:

pro = po(v)|,_, = 0.5+ 0.1507}(v) [DGP #1 & DGP #2] (B.5)
Bro = Po(w)],_, =02+ 01557 (v) [DGP #1 & DGP #2] (B.6)

0.15071(v) [DGP #1]

0.15exp{—2%}®"1(v).  [DGP #2] (B.7)

aro(z) = ag(z,v)lva =sin(l + 1.52) + {

We conduct the experiments at three different quantiles 7 = {0.25,0.50,0.75} for each of which
the considered sample sizes are n = {125,250, 500, 1000}. For each 7-n pair, we simulate the model
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Table B.2. Simulation Results for the 7}, Statistic with 7 = 0.50

Estimated Size Estimated Power
Signif. Level n=100 n=200 n =400 | n=100 n =200 mn =400

Case of Ho(7)

DGP #1 DGP #3
1% 0.020 0.016 0.014 0.892 0.981 1.000
5% 0.059 0.059 0.053 0.975 1.000 1.000
10% 0.122 0.106 0.094 0.993 1.000 1.000
20% 0.232 0.194 0.196 1.000 1.000 1.000
Case of Ho(ii)

DGP #2 DGP #3
1% 0.028 0.016 0.014 0.719 0.880 0.993
5% 0.085 0.070 0.070 0.941 0.996 1.000
10% 0.128 0.110 0.122 0.985 1.000 1.000
20% 0.239 0.196 0.232 0.998 1.000 1.000

Note: The reported are the rejection frequencies over 500 simulations.

500 times. We use cubic B-splines to approximate unknown function ag(-). For simplicity, we set
L,, = 3 in our experiments for all sample sizes since the range of n is not that large. We compute
the root mean squared error (RMSE) and the mean absolute error (MAE) for each fixed coefficient
across 500 iterations. For a varying nonparametric intercept function, RMSE and MAE are first
computed for each simulation iteration; reported are their averages computed over 500 iterations.

The results are reported in Table B.1. Consistent with our theory, performance of the estimator
improves with an increase in the sample size across all quantiles. As one would normally expect, it
performs better for “middle” quantiles (median, in our case): RMSE and MAE somewhat worsen
when we estimate the model closer to tails of the response distribution.

B.2 Specification Tests

We next examine the small-sample performance of our proposed specification test statistic. To
conserve space, we only consider 7 = 0.50. The sample sizes are n = {100, 200, 400}, and the number
of simulation replications is 500. Residuals under H; are obtained via our proposed PLSQAR model
using cubic B-splines to approximate the unknown function ag(-). Residuals under Hy are obtained
via Su & Yang’s (2011) estimator. Given the sample size, for each simulation, we calculate our
test statistic from the simulated data plus 199 bootstrap test statistics. Then, from the 200 test
statistic values, we obtain the 1%, 5%, 10% and 20% upper percentile (critical) values.

To assess power and size of the test, we consider the following four experimental designs for the
data-generating process given in (B.4):

(1) The null in (3.2) is true: pro = po(v)\U:T = 0.5+ 0.15971(v), Bro = ﬁo('u)‘U:T =02+
0.15@71(v) and a0(z) = ao(z,v)|U:T =0.5+0.52 +0.15971(v);

(2) The null in (3.3) is true: pro = po(’U)|U:T = 0.5+ 0.15071(v), B0 = ﬂo('v)|U:T =02+
0.15071(v) and a,o(z) = ao(z,v)“v:T =0.540.150"1(v) for all z;

(3) The alternative in (3.4) is true: pro = po(v)|U:T = 0.54 0.15071(v), Bro = ,Bo(v)\v:T ==
0.2 4+ 0.15071(v) and aro(z) = ao(z, ’U)|v=T = sin(1 + 1.52) + 0.15071(v).

The results presented in Table B.2 show that the test has quite an accurate size across all null
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Table C.1. Semiparametric Estimates of Constant Parameters on House Attributes
in the Conditional Quantile Regression of Property Value across Quantiles

Quantiles of Property Value

0.25th 0.50th 0.75th 0.95th
Log Sq. Footage 0.59100 0.58160 0.59024 0.58871
(0.53217; 0.64599) (0.53713; 0.62548) (0.54446; 0.63067) (0.49993; 0.74361)
Log Acreage 0.04253 0.06913 0.08138 0.09038
(0.01883; 0.06745) (0.04775; 0.08817) (0.06252; 0.09893) (0.02675; 0.11778)
Story Height —0.05092 —0.09042 —0.09235 —0.13096
(-0.09016; —0.00927)  (-0.11479; -0.06307)  (-0.11880; -0.06453)  (-0.18673; —0.05093)
# Bedrooms -0.00629 -0.01029 —0.02846 —0.14829
(-0.14271; 0.10882) (-0.11146; 0.08000) (-0.11103; 0.06366) (-0.35613; 0.20943)
# Bedrooms? —0.00420 —-0.00227 0.00006 0.01576
(-0.02006; 0.01373) (-0.01471; 0.01206) (-0.01374; 0.01176) (-0.03296; 0.04323)
# Bathrooms 0.06181 0.06611 0.00290 —-0.03061
(-0.00550; 0.12941) (0.01357; 0.11258) (-0.05774; 0.05336) (-0.14870; 0.09881)
# Bathrooms? -0.00041 0.00180 0.01322 0.02173
(-0.00877; 0.00853) (-0.00366; 0.00784) (0.00655; 0.02102) (0.00243; 0.03575)
Full Basement 0.17764 0.11541 0.10999 0.07606
(0.12002; 0.23109) (0.07540; 0.15296) (0.08254; 0.14185) (-0.01222; 0.22164)
Partial Basement 0.14850 0.07297 0.06104 0.01918
(0.09096; 0.20614) (0.03693; 0.11070) (0.03572; 0.09072) (-0.06952; 0.15137)
Attic 0.02001 0.00833 0.02287 0.01788
(-0.00580; 0.04998) (-0.01016; 0.02775) (0.00395; 0.04785) (-0.03912; 0.08237)
Attached Garage 0.02530 0.01621 —-0.03072 —0.11543
(-0.03024; 0.07103) (-0.01856; 0.04644) (-0.07117; 0.00431) (-0.23245; 0.04623)
Garage Capacity 0.02446 0.02412 0.02613 0.03682
(0.00620; 0.04629) (0.01226; 0.03812) (0.01350; 0.04132) (-0.02873; 0.07669)
# Fireplaces 0.05920 0.05461 0.03577 0.02552
(0.03759; 0.08208) (0.03640; 0.07530) (0.01886; 0.05363) (-0.02504; 0.08159)
Central A/C 0.13311 0.11955 0.08045 0.01313
(0.06906; 0.19630) (0.05463; 0.17715) (0.03524; 0.13024) (-0.09633; 0.11826)
Age —0.00603 —0.00464 —0.00258 —-0.00108
(-0.00793; —0.00372)  (-0.00611; -0.00313)  (-0.00400; -0.00120)  (-0.00490; 0.00250)
Age? 0.00001 0.00001 0.00001 0.00001

(0.00000; 0.00003)

(0.00000; 0.00003)

(0.00000; 0.00002)

(~0.00002; 0.00003)

Reported are the estimates from a semiparametric PLSQAR model. The 95% bootstrap (percentile) confidence
bounds in parentheses. Statistically significant estimates are in bold.

hypotheses regardless of n. Furthermore, the test exhibits superb power which increases with the

sample size, as expected.

C Additional Results

In this section, we briefly comment on the results corresponding to hedonic attributes other than
the distance to rock mine included in the estimated house price function. Their fixed parameter
estimates (with bootstrap confidence bounds) across quantiles of the house price distribution are
reported in Table C.1. For the estimates of median marginal effects of statistically significant
covariates, see Table C.2. Among these non-distance variables, log square footage of house, log
acreage and story height are the only ones consistently found to be significant across all estimated
quantiles of the house price distribution. Interestingly, no other house attribute has a significant
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Table C.2. Semiparametric Estimates of Median ME of Selected House Attributes
on Conditional Quantiles of Property Value across Quantiles

Quantiles of Property Value

0.25th 0.50th 0.75th 0.95th

Log Sq. Footage

TME 0.8961 0.8467  0.7950 0.7882

Median DME 0.6048  0.5928  0.5976 0.5958

Median IME 0.2914  0.25640 0.1974 0.1925
Log Acreage

TME 0.0645 0.1007  0.1096 0.1210

Median DME 0.0435 0.0705  0.0824 0.0915

Median IME 0.0210  0.0302  0.0272 0.0295
Story Height

TME -0.0772 -0.1316 -0.1244 -0.1753

Median DME -0.0521 -0.0922 -0.0935 —0.1325

Median IME -0.0251 -0.0395 -0.0309 -0.0428
Full Basement

TME 0.2694  0.1680  0.1481 0.1018

Median DME 0.1818  0.1176  0.1114 0.0770

Median IME 0.0876 0.0504  0.0368 0.0249
Partial Basement

TME 0.2252 0.1062  0.0822 0.0257

Median DME 0.1520  0.0744  0.0618 0.0194

Median IME 0.0732 0.0319  0.0204 0.0063
Garage Capacity

TME 0.0371 0.0351 0.0352 0.0493

Median DME 0.0250  0.0246  0.0265 0.0373

Median IME 0.0121 0.0105  0.0087 0.0120
# Fireplaces

TME 0.0898  0.0795  0.0482 0.0342

Median DME 0.0606  0.0557  0.0362 0.0258

Median IME 0.0292  0.0238  0.0120 0.0083
Central A/C

TME 0.2018  0.1741 0.1084 0.0176

Median DME 0.1362 0.1219  0.0814 0.0133

Median IME 0.0656  0.0522  0.0269 0.0043

Reported are the medians of point estimates of MEs from the
PLSQAR model estimated for a given conditional quantile of prop-

erty value.
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impact on property values in the 0.95th quantile. Houses in this top quantile include older (historic)
houses in Delaware City as well as recently built McMansion-style houses. More generally, we find
that the number of bedrooms and bathrooms in the house, the presence of an attic and the garage
being attached to the main house are largely statistically insignificant across all quantiles which
likely is due to property heterogeneity inherent with rapid urbanization. Among the statistically
significant house attributes, the square footage has by far the largest marginal effect on the property
value with its magnitude declining as the house price rises. We document a similar declining
marginal effects (across quantiles) for the basement variables, the number of fireplaces and the
presence of central air-conditioning system in the house. From Table C.2, it appears that garage
capacity is equally valued by all home buyers regardless of the property value, whereas the lot
size exhibits increasing importance for buyers of higher priced houses. The estimates of the total
marginal effects of story height are negative across all quantiles with larger (absolute) magnitudes
estimated at the higher house price quantiles. This likely is an artifact of changing consumer
preferences as well as building trends in the area given that single-story houses have become more
common in recent years.
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Delineation of areas contributing groundwater to springs and wetlands
supporting the Hine’s Emerald Dragonfly, Door County, WI

Abstract

The coastal springs and wetlands of Door County, Wisconsin, provide rich habitat for the
highly endangered Hine’s emerald dragonfly. Understanding the source of groundwater
discharging at the springs is critical to evaluating how local land-use decisions might
impact the springs and to future efforts at groundwater and spring protection. This study
delineated surface areas contributing groundwater to eleven sites understood to be critical
Hine’s habitat in Door County. Delineations used a combination of soil water-balance
modeling and simple groundwater flow modeling to determine contributing areas.
Contributing areas ranged in size from 0.2 to 11.4 square miles. Shallow groundwater
flows through a fractured dolomite aquifer. Predicted groundwater velocities are
extremely high (up to 40 ft/day) and residence times can be quite short (less than two
years at most sites). Geochemical and isotopic data collected at several springs are
consistent with model results. The scope of the project did not allow detailed study at
any one site, but instead focused on an overview study of many sites. The results
represent a starting point for more refined studies at specific critical sites.

Introduction

Background

The coastal springs and wetlands of Door County, Wisconsin, provide rich habitat for the
highly endangered Hine’s emerald dragonfly. The U.S. Fish and Wildlife Service,
Wisconsin Department of Natural Resources, the Nature Conservancy, and biologists
from the University of South Dakota are all actively engaged in research and other
actions to better understand and protect the Hine’s emerald. Despite these efforts, a
significant risk to the Hines emerald has remained poorly understood. Development and
disturbance in upgradient recharge areas has the potential to alter groundwater flow to the
springs and wetlands that provide habitat for the Hine’s emerald. Understanding,
maintaining, and protecting groundwater flow to these coastal areas is essential for
protection of the species. Delineating areas contributing water to the springs is the first
step in this process.

This study has developed preliminary estimates of the areas contributing groundwater
recharge that may affect eleven different Hine’s emerald dragonfly habitats in Door
County (Figure 1). Recharge-area delineations include a combination of water-balance
and groundwater-flow modeling supported with field measurements of water levels and
baseflows. We estimated groundwater recharge rates using a GIS-linked soil-water
budget model. Contributing-area delineations were made using a series of relatively
simple groundwater flow models calibrated to field measurements of surface water and
groundwater levels and surface-water discharges. Measurements of spring chemistry,
temperature, and isotopic indicators assisted in verifying model results and will provide
baseline data currently lacking at the Hine’s emerald sites.
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Dragonfly ecology

The Hine’s emerald dragonfly was federally listed as an endangered species in 1995. It is
currently known to exist in only four states (Illinois, Michigan, Missouri, and Wisconsin)
and was recently found in Ontario. Its habitat is largely restricted to spring-fed wetlands
in areas of dolomite bedrock. The survival of the species has been threatened by habitat
destruction, degradation and fragmentation.

Adult female dragonflies lay eggs in water or mud. When the eggs hatch the larvae
spend up to five years in small streams and wetlands. Only after this multi-year period
as larvae dwelling in shallow surface water do they transform into adults that are
recognizable as dragonflies. This adult stage is comparatively brief, lasting no more than
six weeks in a period from June through August. They capture prey in flight, feeding
actively during daylight hours. Adults require complex wetlands with a forest edge and
cool shallow water for foraging, roosting, and reproducing.
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Hydrogeology

Door County’s principal aquifer is composed of fractured, solution-weathered Silurian
age dolomite. Extensive research has been conducted on the hydrogeology of the aquifer
(e.g., Sherrill, 1978; Bradbury, 1989; Bradbury and Muldoon, 1992; Muldoon and others,
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2001). The dolomite strata dip gently to the east, thickening from just tens of feet in the
extreme southwest on the Green Bay shore to as much as 500 ft along Lake Michigan in
the northeast of the county. Soil cover over the dolomite is frequently very thin,
particularly in upland areas, and rainfall and snowmelt can infiltrate rapidly. Soil
thicknesses increase in occasional buried bedrock valleys, particularly along the Lake
Michigan shoreline. North of Sturgeon Bay, springs, streams and wetlands are typically
restricted to these depressions in the bedrock surface.

The dolomite is very permeable but has relatively little storage. Recharge is conducted
rapidly into the aquifer by vertical joints. Groundwater moves laterally along bedding
plane fractures, many of which have been enlarged by rock dissolution. Muldoon and
others (2001) showed that discrete near-horizontal zones of high permeability may be
continuous over distances of as much as 10 miles.

Groundwater discharge occurs in springs, wetlands and into Lake Michigan and Green
Bay. The majority of springs in Door County occur as focused discharge though a loose
cover of sediment into a spring pool or stream bed. The visible turbulence in the sand or
peat is commonly called a boil. Door County’s springs have not been studied in detail,
though it is assumed that most occur where highly permeable bedding plane fractures or
joints intersects the bedrock surface. In many of the Hine’s emerald habitats, we infer
that a bedding plane fracture opens to a buried depression in the bedrock surface. The
nature and volume of these springs suggests that they are not regional discharge points
receiving far-field recharge transported as deeply circulating groundwater. We consider
it more likely that most identified springs receive relatively local recharge conveyed in
the shallower intervals of the dolomite aquifer.

Study Methods

Site selection

This study focused on eleven wetlands in Door County that are either confirmed or
probable habitats for the Hine’s emerald dragonfly (Figure 1). Other suspected habitats
occur in Door County but were not included in this study. The physical bounds of each
site were determined by the Wisconsin Department of Natural Resources and Dr. Daniel
Soluk of the University of South Dakota. The sites vary in size from discrete spring
complexes of several hundred square feet, to many mile-square wetland complexes
known to include numerous breeding sites. Each site is described in more detail later in
this report.

We divided the habitats in this study into two tiers based on site importance (Table 1).
The bulk of field data collection and project resources were allocated to the first tier sites.
The field data permitted more detailed model design and calibration, therefore
contributing area estimates for these sites carry more confidence. Modeling of second
tier sites made the best use of available data resources, but are in general less rigorously
calibrated and therefore carry less confidence.



Table 1 Studied Habitats in Door County

First Tier Sites Second Tier Sites
Mink River Estuary Big Marsh/Washington Island
Three Springs Creek Ephraim Swamp
North Bay Marsh Arbter Lake
Reiboldts Creek/Ridges Sanctuary | Kellner Fen
Baileys Harbor Swamp Gardner Swamp
Piel Creek
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Figure 1. Locations of Hine's emerald dragonfly sites investigated in Door County.
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Field investigations

We carried out a variety of field investigations designed to assist in model design and
calibration, and to improve our understanding of the hydrogeologic system at the HED
habitats. The major field tasks included habitat reconnaissance, stream-flow gauging,
groundwater-level measurement, and spring sampling. Stream gauging and water-level
measurement were focused near the first tier sites in northern Door County. Gauging was
completed using an electromagnetic flow-meter. Water-level measurements were taken
using a sonic water-level probe. The sonic probe allowed easy measurement of private
water wells without the risks of contamination and tangling associated with a tape.

Laboratory samples were collected at only three HED habitats where focused spring
discharge made it feasible to collect samples of discharge water and not standing surface
water. Samples from these locations (Mink River, Three Springs Creek and upper
Reiboldt Creek) were collected in both late November/early December and in early April.
Samples were submitted to the University of Wisconsin Soil & Plant Analysis Lab in
Madison for analysis of major ions, and to the Environmental Isotope Laboratory at the
University of Waterloo, Ontario, for analysis of tritium, oxygen-18 and deuterium.

The WGNHS also completed a geophysical survey near the Reihboldts Creek habitat in
the vicinity of Old Lime Kiln Road, in order to better understand the nature of the
bedrock surface beneath the wetland habitat. The geophysical study is discussed in an
appendix to this report.

Files relating to the field investigations have been archived at the WGNHS as a product
of this study and are available for use by others. The files include further explanation and
detailed results.

Recharge estimation

To estimate the quantity and spatial distribution of recharge we applied a soil-water
balance model divided into daily time steps across a spatial grid (Dripps and Bradbury,
2007). The model uses common GIS coverages as inputs: soil hydrologic group,
available water storage, land use, and overland flow direction. The flow-direction input
was derived from a highly detailed digital elevation model that we generated using
LIDAR (LIght Detection And Ranging) data furnished by Door County. We ran the
model for the entire county on a 50-foot grid spacing, simulating recharge with daily
precipitation and temperature data for four different years that approximated the median
annual precipitation (2 different years), and the first and third quartiles (1 year each).
Climatic data were acquired from the Wisconsin State Climatology Office in Madison.
The model output for each run predicted cumulative monthly and annual and
groundwater recharge for each cell. The two median model runs were averaged for the
results and maps presented in this report. The accuracy of the predicted recharge values
remains uncertain and are suspected to be biased low (i.e., more recharge is occurring
than predicted). However, the model output is useful at identifying spatial trends and
regions of preferential recharge. For ease of use by the public, the numerical recharge
results have been simplified into a three-level system of recharge potential: low (0-3.75
in/year), medium (3.75 - 4.75 in/year) and high (greater than 4.75 in/year). The
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statistical distribution of recharge predicted by the model is biased by numerous
unreasonably high values (a model defect). However, the qualitative high/medium/low
designations approximately divide the predicted recharge into thirds by area.

The recharge model files have been archived at the WGNHS as a product of this study
and are available for use by others. The files include further explanation of model design
and implementation.

Groundwater modeling

To estimate the contributing area for each Hine’s emerald dragonfly habitat, we
developed a series of groundwater flow models constructed using the GFLOW
groundwater modeling code. GFLOW (http://www.haitjema.com/) simulates steady
groundwater flow in two dimensions using mathematical analytic elements (linesinks) to
represent hydrologic features such as wells, streams, wetlands, and springs.

To simulate groundwater flow in Door County, we constructed four different models
representing: 1) Washington Island, 2) northern Door County from the Piel Creek habitat
north to the Mink River habitat, 3) central Door County encompassing the Arbter Lake
and Kelner Fen habitats, and 4) southern Door County encompassing Gardner Swamp.
The northern Door County model included each of the first-tier sites, and was the most
detailed in construction and calibration.

Models included streams and lakes as line sinks, digitized as a simplified map-view of
the study area. Line sinks are assigned elevations, extracted from the digital elevation
model, or interpreted from USGS 7.5 minute topographic maps. Models were divided
into zones (termed inhomogeneities in the GFLOW environment) in order to vary
hydraulic parameters. Zone areas were generally defined to reflect distinct terrains such
as wetlands and uplands where recharge and aggregate hydraulic conductivity would be
expected to differ.

Models were calibrated to match head and surface-water flux targets. Head targets
included water-level data gathered for this study, data extracted from investigation
reports of various contaminated sites in the county, and data reported by the USGS in
their online database. The majority of surface water flux targets were based on field
measurements made for this study in the late summer and fall of 2006. Additional
gauging data was acquired from the WDNR’s 2003-2004 Door Peninsula Baseline
Monitoring Report.

GFLOW models are powerful tools; however, they require great simplification of the true
hydrogeologic complexity and assume steady-state flow. Door County’s groundwater
system has significant seasonal transience and vastly more heterogeneity than a computer
model can represent, particularly at a regional scale. It should be recognized that no
single groundwater model can be relied on to fully represent a hydrogeologic system.

For this project, a confident estimate of contributing areas required multiple scenarios,
not just one model. For each model area, a dry season and wet season model were
created to bracket potential seasonal fluctuations. For the first-tier habitats, we
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completed three dry season and three wet season models, each considered a reasonable
representation of the groundwater system. The differences between the model estimates
in the various scenarios represent both seasonal variation and uncertainty in the model
design and calibration.

The models were calibrated using the automated parameter estimation routine PEST
(Dougherty, 2004). Several realizations were completed for each model. For the
northern Door County model, three different low-season calibrations were performed
with varying bounds set on allowable recharge. To simulate wet-season conditions,
recharge was raised in each simulation in increments until wet-season head calibration
targets were reached. Because far fewer reliable calibration targets were available for
wet-season conditions, a systematic calibration at wet-season conditions was not possible.
In total, the northern Door model area is represented by six different model realizations,
three dry-season and three wet season. The other models areas (each for 2" tier sites)
each include two model realizations, one dry-season and one wet-season.

Contributing areas for the habitats were estimated in each model realization using
reverse particle tracking. GFLOW traces the path of groundwater backwards from a
designated point to wherever it entered the aquifer as recharge. By this method it is
possible to bound the area in which recharge entering the aquifer may discharge into a
discrete habitat area. Figure 2 illustrates the contributing areas predicted for six
simulations at the North Bay Marsh habitat. Each area in the figure represents the results
of one simulation using different but equally reasonable sets of model parameters. The
predicted areas typically varied only slightly between model realizations, with the
greatest variation occurring at the upgradient extremes. The estimated contributing areas
shown in this report are aggregate areas, encompassing the areas predicted in all model
realizations. Figure 2 illustrates the process for designating the aggregate contributing
area (shown with dashed line). Aggregate areas encompass the areas predicted in each
simulation. Where contributing areas thinned to less than 100 ft in width, the peaks were
excluded. Model uncertainty was too great to justifiably include areas at that level of
detail. Aggregate contributing areas include the region between the upgradient peaks.
We assume that seasonal shifts in water table are gradual and therefore that the
upgradient peaks sweep across the upgradient region between the predicted extremes.
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Figure 2. Contributing area for the North Bay site, illustrating the results of several
model simulations and aggregated area. See text for details.

Results

Modeling results

The primary product of this study is a series of eleven contributing area maps developed
for the Hines emerald dragonfly habitats (Appendix A, figures A1-A11). The areas
shown in the appendix figures are also available as GIS files for incorporation into other
geographic images. Each figure contains two views of the same region, illustrating
different aspects of the study findings. The top views show recharge potential, and the
bottom views show water table contours. The following section describes the elements
shown in the figures, and discusses how they should be interpreted.

Wetland evaluated (hatched region). The wetland area evaluated is a region containing
one or more HED larval habitats, as designated by the WDNR or Dr. Daniel Soluk of the
University of South Dakota. Each area contains one or more locations of groundwater
discharge, either focused at springs or distributed in wetlands or along streams. In the
models, all groundwater flow that enters these areas is considered potential groundwater
discharge that may affect HED habitat.

Contributing area (dashed black line). The contributing area is the model-predicted
contributing area for a given HED habitat area. It encompasses the regions predicted by
all model simulations for that habitat. Water infiltrating into the ground in the
contributing area may potentially discharge within the respective HED habitat.
Groundwater pumping, bedrock blasting, contaminant release or physical alterations to
the hydrologic setting (such as construction projects that may increase impervious area or
construction of detention basins) may affect the quantity and quality of water discharging
in the HED habitats. Because of model limitations, it cannot be said that all water
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infiltrating in this region will discharge within the habitat. Though it cannot be
quantified, we expect that the closer a location within the area is to the habitat, the more
probable it is that infiltration occurring there will impact the habitat.

Buffer areas (solid red line).The buffer area is a region extending 1000 feet beyond the
contributing area. Though the area within this buffer was not predicted to be a
contributing area by any model simulation, we recommend considering the buffer as
potential contributing area. There are two major reasons for creating this buffer: 1) The
model is imperfect and may potentially be in error on the scale of 1000 feet; and 2) In
many instances rainfall or snowmelt occurring outside the contributing area may travel
into the region as runoff (in road ditches, for instance) and infiltrate within the
contributing areas.

Combined areas (dashed red line; only present on some figures). The combined areas
show the aggregate contributing area and buffer for all HED habitats. The combined
area is not present on figures showing isolated habitats, such as the Mink River. In the
region between Baileys Harbor and Sister Bay, however, the contributing areas and
buffers for the different habitats in that area commonly adjoin or overlap. Overlap
occurs because we are including the results of multiple simulations. In these overlapping
areas, infiltration may reasonably discharge at more than one habitat.

Recharge potential (color shading in top figure). Recharge potential is a qualitative
representation of the recharge model output. Given evenly distributed precipitation and
snowmelt, the three levels of recharge potential (high, medium and low) indicate the
amount of water that is expected to infiltrate and recharge groundwater. Areas of high
recharge potential (orange) are typically areas of thin soil cover, where the greatest
infiltration rates are expected. Low recharge potential areas (blue) typically have thicker
soil and greater density of vegetation, and therefore are expected to significantly reduce
the quantity of groundwater recharge. Medium recharge areas are intermediate. The
high/medium/low categories are also intended to rank the particular regions within the
contributing areas according to the risk they may pose to the HED habitat.

Water table contours (blue dashed lines in bottom figures). The water table contours
show the model-predicted water table from the dry season calibration. For the northern
Door County models (from Piel Creek north to Mink River), the water tables are
generated from the best of three different models calibrated to dry season targets.
Contour elevations are in feet above Mean Sea Level.

The estimated contributing areas varied from as little as 0.4 square miles (Arbter Lake) to
11.4 square miles (Reiboldt Creek and Ridges Sanctuary). Table 2 indicates the size of
the contributing areas. Table 2 also gives a qualitative assessment of the variability of the
contributing areas between scenarios — the difference in the areas predicted by model
scenarios run with dry-season recharge, wet-season recharge, or alternate calibrations.
High variability suggests that the predicted result is highly sensitive to seasonal variation
or to slight changes in model parameters, and thus carries greater uncertainty than models
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in which the predicted contributing area remained essentially the same in all model

scenarios.

Table 2. Summary of contributing area estimates for HED habitats.

Habitat
(contributing area
size)

Tier

Scenario
variation

Comments

Piel Creek
(0.9 square miles)

high

The habitat is a wetland at the head of Piel Creek.
Though the predicted contributing area is relatively
consistent among scenarios, the models frequently
predict that the habitat is dry (receives no
discharge) in dry seasons. Seasonal variation is
great here, and may not be adequately represented
by the models.

Mink River Estuary
(5.2 square miles)

low

The habitat includes a large wetland with many
springs. The habitat area was extended to the
mouth of estuary based on observations of D.
Soluk. The habitat receives surface water from the
Mink River north of the contributing area in wet
seasons; dry season model scenarios show the
river dry north of Highway 42.

Three Springs Creek
(1.2 square miles)

high

The habitat includes a major spring complex that
forms the perennial head of Three Springs Creek.
Some model scenarios show all flow entering from
the southwest (i.e., the northwest contributing area
lobe is absent). The habitat receives surface
water from the upper reaches of Three Springs
Creek in wet seasons.

North Bay Marsh
(0.9 square miles)

medium

The habitat includes a wetland adjacent to North
Bay. Discharge to this wetland may cease in the
driest months. Scenario variation is greatest at the
upgradient maximum,; near-field estimates are
consistent.

Reiboldt Creek and
Ridges Sanctuary
| (11.4 square miles)

medium

The habitat includes a large region of spring-fed
wetlands containing numerous important HED
habitats. Scenario variation is greatest at the
upgradient maxima; near-field estimates are more
consistent. Most potential surface water inputs are
fully contained in the groundwater contributing
area.

Ephraim Swamp
(1.6 square miles)

high

The habitat forms part of the Ephraim Swamp. The
hydrologic setting of the habitat is not well
understood and may not be adequately
represented in the models. Scenarios show
greatest variation in the southern lobe of the
contributing area.

Baileys Harbor Swamp
(3.5 square miles)

medium

The habitat is a wetland. Scenario variation is
greatest in the southern lobe of the contributing
area. Surface water may enter the habitat from the
upper reaches of the Baileys Harbor Swamp (west
of Highway 57).

11
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Table 2. (continued)

Habitat Scenario

(contributing area variation

size) Tier Comments

Big & Little Marshes, 2 low The area includes two spring-fed wetland habitats:

Washington Island Big and Little Marshes. The areas are not

(0.6 square miles) contiguous, but are treated here as a single habitat
for simplicity. There are no surface water inputs to
either habitat. :

Arbter Lake 2 low The habitat is a lake in a wetland. Some surface

(0.4 square miles) water may enter the habitat through streams
entering from north of the lake.

Kelner Fen 2 low The habitat is a fen. There are no known surface

(0.9 square miles) water inputs to the habitat.

Gardner Swamp 2 low The habitat is within a large wetland complex, and

(9.1 square miles) contains a northern region south of Fox Road, and
a smaller southern region north of Highway K. The
two units are treated as contiguous within the
model.

Chemical and isotopic results

Water chemistry. The major-ion water chemistry of the three springs sampled for this
project is typical of carbonate-rock terrains, and similar to groundwater in other parts of
Door County (Table 3). The water is dominated by calcium, magnesium, and bicarbonate
ions, with minor amounts of sodium, potassium, and sulfate. The springs were sampled
twice, once in December, 2006 and once in April, 2007. Spring temperatures are typical
of Door County groundwater. Minor differences in chemistry between these two sample
dates are consistent with the conceptual model of rapid recharge and relatively short flow
paths to the springs. Concentrations of most constituents are slightly lower in April than
in December, consistent with more rapid recharge and consequent dilution of
groundwater in the Spring. The chloride and nitrate levels are worth noting. Chloride
levels are higher in December than in April, probably as a result of highway salting for
ice removal in December. The presence of nitrate shows that near-surface land use has
impacted spring water quality. Nitrate levels are higher in April than in December,
possibly a consequence of Spring fertilizer applications. Both these temporal changes
suggest rapid recharge and rapid lateral groundwater flow to the springs. This temporal
variability shows that the springs are sensitive to changes in local land-use practices.

Isotopes. Analyses of environmental isotopes from water samples collected at three
Hine’s emerald sites are consistent with the conceptual model of young groundwater
moving rapidly along relatively short flow paths. Isotopes of hydrogen (*H, deuterium;
3H, tritium) and oxygen ("*0, oxygen-18) occur naturally in the environment and are
considered to be conservative tracers because they move as part of the water molecule,
H,0. Tritium ("H) is an unstable radioactive isotope that entered the water cycle in
elevated quantities during and following atmospheric atomic weapons testing during the
1960s. Tritium is measured in tritium units, TU. During the 1960s, tritium in
precipitation exceeded several thousand TU, and decreased through time due to
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radioactive decay. Because of its short half-life (12.4 years), tritium has been used to
date the “age” (time since recharge) of relatively young (< 50 years) groundwater. Since
atmospheric testing ceased, background tritium levels in precipitation have decayed to
about 10 TU, and tritium continues to decay once the water enters the subsurface.
Accordingly, any groundwater that contains tritium above 1 TU is now considered to be
quite young (recharged in less than 10 years), and groundwater that contains tritium near
10 TU must have been recharged in the past one or two years.

Table 3. Major ion and field parameters for springs. Top: field parameters; middle:
major cations; bottom; major anions.

pH temperature electrical
locati conductivity
QEaLon units °C uS/cm
Dec April Dec April Dec April
Mink River 7.05 7.21 8.4 9.4 678 623
Thee 709 | 7.33 9.4 8.7 594 457
Springs
Lime Kiln Rd 7.19 7.65 7.5 7.9 592 528
K Ca Mg Na
location ppm ppm ppm ppm
Dec April Dec April Dec April Dec April
Mink River 0.9 0.9 82 67 37 33 7.4 4.7
i 0.9 0.8 67 52 32 26 3.9 2.0
prings
Lime Kiln Rd 1.6 1.5 68 56 32 27 4.1 4.8
Cl NO; SO, Alkalinity
location ppm ppm ppm as mg CaCOg/L
Dec April Dec April Dec April Dec April
Mink River 15.1 10.5 1.7 4.2 14.1 12.8 250 342
gh@e 10.4 5.8 14 6.0 157 | 134 | 225 267
prings
Lime Kiln Rd 10.7 9.8 3.2 4.3 14.2 13.6 250 109

Tritium concentrations at the three springs sampled for this project ranged from 8.9 to 11
TU (Table 4). Differences between the two sampling dates are probably due to seasonal
differences in atmospheric tritium input. The range is about what is expected for tritium
in recent precipitation, and suggests that water discharging at the springs is very young,
certainly no older than 5 years.

Oxygen-18 (*®0) and deuterium (*H) are stable isotopes that do not decay radioactively.
Instead, the water composition of these isotopes changes by fractional distillation of
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water vapor as water evaporates or precipitates. Concentrations of 80 and *H are
expressed as del (8) permil (o/00) values compared to standard mean ocean water,
abbreviated SMOW. Although both isotopes vary seasonally due to temperature and
evaporation and precipitation in air masses, the ratio of 0 to ?H in precipitation remains
fairly constant. This relationship, called the meteoric water line (MWL), varies slightly
from location to location. In general, groundwater recharged directly from precipitation
should have an '®0:*H signature that falls on the local meteoric water line. Water
samples that plot to the right of the MWL are interpreted as originating from surface
water, where free-surface evaporation has occurred. Rayne, Bradbury, and Muldoon
(2001) collected isotope data from wells and surface water features in Door County and
showed that water from Green Bay and Lake Michigan plotted significantly to the right
of the local MWL for their study.

Water from the three springs sampled for the present study plots directly on the local
MWL (Figure 3). Lack of deviation from the line suggests that the water discharged
from these springs did not originate as surface water in a lake or wetland but instead as
direct groundwater recharge. These findings are consistent with our conceptual model of
short, rapid flow to the springs.

Table 4. Stable isotope sampling results

Sample | Sample Oxygen-18 Tritium (enriched)

Location ID Date | Deuterium | (0 o<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>