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Hogs and Human Densities Compared to 

Farmland and Residential Values
For my project I wanted to find a common factor that influences both residential rents and the farmland values within a county.  The two factors I decided to look at were hog population density and human population density.  My first hypothesis was that both hog and human densities effect the value of farmland.  I thought that as either human density or hog density increases, farmland values would increase as well.  I felt this was logical because as the number of people in an area rises, there is a greater demand for land.  As the number of hogs increase, so does the overall productivity of the land, thus raising rents.  

My second hypothesis was that hog densities and human densities are both factors in determining residential rents.  I am guessing that residential rents will increase as either hog densities decrease or human densities increase.  This is a reasonable statement to make because as hog densities increase, disamenities from the swine would drive home values down.  At the same time, as human density increases, the demand of homes will increase, driving residential rents up.  Lets’ take a look.  

Hog and Human Densities Effects on Farmland Values

The first concept I tested was how the densities of both hogs and humans within a county effect the value of an acre of farmland.  To do this, I had to gather quite a bit of information.  To determine hog densities, I found an pamphlet containing the number of hogs in each county (Iowa’s Hog Inventory). I then took the number of hogs in each county divided by its land area in square miles.  To find the human density of each county, I simply took the human population divided by the county area.  The last set of information necessary was the average value of an acre of farmland in each of Iowa’s 99 counties (1999 Iowa Land Value Survey).  This data can all be viewed in Figure 2 of the appendix.

Once this information had been compiled, I did a least squares regression.  I used the average value of an acre of farmland as the Y value.  For the first X value (X1), I plugged in the human population density of each county and for the second X value (X2) I inserted the hog population density of that same county.  The results of this regression can be viewed in Figure 3 of the appendix.  The “R Square” factor was 0.32, meaning that 32% of the farmland values can be explained by the densities of both hogs and humans.  The “Significance F” factor was extremely low, also indicating that there is an association between these factors.  The other data I analyzed from the regression was the “P-value”.  The “P-values” for human and hog densities were both well under 0.05, once again signifying sufficient evidence that the densities of hogs and humans factor into farmland values.

However, the fact that only 32% of the farmland values are explained by hog and human densities makes it is apparent that there must be additional outside factors.  Possibly the distance from the CBD would have an effect.  According to the bid-rent curve, the further from a central business district, the lower the value of the land-rent.  To check this I decided to do a cross-section of counties.  The first corridor of counties I looked at was those going straight south of Des Moines, beginning with Polk County.  Sure enough, the farther from the metropolitan area, the lower the farmland values.  Here is a graph that shows this change in value:

	County
	Distance From D.M. Center of County
	Average Value of an Acre of Farmland

	Polk
	0 miles
	$1973

	Warren
	12 miles
	$1551

	Clark
	36 miles
	$932

	Decator
	60 miles
	$752


Here is another similar example comparing farmland values as you get further south Cedar Rapids:

	County
	Distance from C.R. to Center of County
	Average Value of an Acre of Farmland

	Linn
	0 miles
	$2303

	Johnson
	24 miles
	$2175

	Washington
	48 miles
	$1960

	Henry
	72 miles
	$1640

	Lee
	96 miles
	$1516


Another outlying factor that could influencing farmland values could be soil fertility.  According to a study done by the Iowa State Extension, the richest soil in Iowa is in the north central region (Value of Farmland…..).  According to this study, an average acre of farmland in North-Central Iowa is valued at $2073, while the average value in South-Central and South-Eastern Iowa is $981 an acre and $1570 an acre, respectively .  As you can see from the following cross section, there is not a definite decline in values as you go further north from Des Moines, supporting the theory that another factor exists:

	County
	Value Per Acre

	Polk
	$1973

	Boone
	$2277

	Hamilton
	$2409

	Wright
	$2372

	Hancock
	$2139


Therefore it is possible that soil fertility is also a significant factor in figuring the worth of an acre of farmland.


In summary, while the densities of both hogs and humans are significant factors in the establishment of farmland values, it is quite apparent that there are other factors bearing influence.  While 32% of farmland values in Iowa can be explained by the densities of hogs and humans, two other factors that are potential contributors are the distance from a metropolitan CBD and the fertility of the soil.

Hog and Human Densities Effects on Residential Rents
Now I will test my second hypothesis.  To determine if there is a relationship, I compared hog densities and human densities to average residential rent in each county.  To standardize values between counties, I used the average rent of a four-bedroom home in every county (“Rents in Iowa”).  When I did the regression, I used the monthly rent by county as the Y value.  X1 represented human population density and X2 was set as the hog population density.  The results from the regression can be found in Figure 4 of the appendix.  

The regression output show the “R Square” factor having a value of 0.34, meaning that 34% of the residential rents are explained by the densities of hogs and humans.  The “Significance F” was 3.03E-09, meaning that is a correlation between the variables.  Furthermore, the “P-value” for human density was below the threshold 0.05, meaning that there is very significant evidence showing a relationship.  However, the “P-value” for hog density was a little greater, coming in at 0.09.  This value is still sufficient to prove that hog densities do effect residential rents.


However, since only 34% of the residential rent values are  associated to hog and human densities, another influence must be having an effect on rents.  A potential factor could be the growth rate of a county.  As a county’s population increases, there is a growing need for housing.  As this demand goes up, house owners are able to charge higher rents.  Overall in Iowa metropolitan counties are growing the fastest, which a majority of the rural counties are actually shrinking in human population.  To determine if growth rates are having an impact, I divided Iowa’s 99 counties into four separate categories:  Metropolitan, Urban, Rural but Adjacent to a Metro County, and Rural.  The idea is that the metropolitan counties have the highest growth rate, while rural counties have the lowest.  Ten Iowa counties are classified as metropolitan, having a city with a population above 50,000.  Nine have a city with a population between 25,000 and 50,000, earning Urban status.  Thirty-five counties are adjacent to metro counties, yet not categorized as Urban.  The remaining forty-five counties are rural.  See Figure 1 in the appendix for a county-by-county assessment.  The following table shows the relationship:

	County Type
	Monthly Rent/4 Bdrm House

	Metropolitan
	$754.60

	Urban
	$607.89

	Rural Non-adjacent to Metro
	$584.60

	Rural
	$582.53


As you can see, the fastest growing counties do have higher rents, while the rural counties have the lowest rents.  Possibly the fact that many rural towns are actually shrinking may be causing an abundance in the supply of housing, lowering rents further.  


All in all, while hog densities do play a role in determining residential rents, it is probably human density that is the most decisive.  The counties with the higher human densities and the highest growth rates are the counties with the highest rents.  
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Appendix

FIGURE 1: Iowa’s 99 Counties Classified by Type
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FIGURE 2: General Data 

	 
	Area
	1996
	1996
	1997
	1997 Hog
	1998 Residential
	1997 Farmland

	 
	in mi2
	Human Pop
	Human Dens
	Hog Pop
	Density 
	Rents in $
	Value in $

	Adair
	570
	8251
	14
	39032
	68
	573
	1179

	Adams
	425
	4451
	10
	58998
	139
	573
	1190

	Allamakee
	659
	13872
	21
	72111
	109
	601
	1096

	Appanoose
	516
	13620
	26
	5462
	11
	577
	799

	Audubon
	444
	6785
	15
	168217
	379
	573
	1784

	Benton
	718
	24096
	34
	102216
	142
	627
	2188

	Black Hawk
	572
	123531
	216
	171797
	300
	673
	2314

	Boone
	574
	25079
	44
	101679
	177
	627
	2453

	Bremer
	440
	23011
	52
	88693
	202
	609
	1997

	Buchanan
	573
	21368
	37
	191642
	334
	573
	2015

	Buena Vista
	580
	19949
	34
	298220
	514
	573
	2380

	Butler
	582
	15563
	27
	178682
	307
	573
	2117

	Calhoun
	572
	11539
	20
	171427
	300
	573
	2458

	Carroll
	570
	21315
	37
	372598
	653
	573
	2125

	Cass
	565
	15090
	27
	64720
	115
	573
	1558

	Cedar
	582
	17378
	30
	151936
	261
	573
	2340

	Cerro Gordo
	575
	45960
	80
	126766
	220
	598
	2185

	Cherokee
	577
	13607
	24
	222808
	386
	573
	2026

	Chickasaw
	505
	13349
	26
	131490
	260
	573
	1627

	Clarke
	432
	8025
	19
	67224
	156
	573
	930

	Clay
	573
	17480
	31
	108489
	189
	573
	2215

	Clayton
	793
	18718
	24
	242580
	306
	573
	1452

	Clinton
	710
	50452
	71
	101869
	143
	581
	1880

	Crawford
	715
	16273
	23
	179383
	251
	573
	1789

	Dallas
	592
	32803
	55
	56587
	96
	751
	1977

	Davis
	505
	8496
	17
	123102
	244
	573
	1001

	Decatur
	533
	8029
	15
	39037
	73
	573
	757

	Delaware
	579
	18247
	32
	401729
	694
	573
	2081

	Des Moines
	430
	42568
	99
	125030
	291
	605
	1732

	Dickinson
	404
	15503
	38
	45333
	112
	573
	2011

	Dubuque
	617
	87840
	142
	258568
	419
	709
	1829

	Emmet
	402
	10997
	27
	120605
	300
	605
	2327

	Fayette
	731
	21677
	30
	242628
	332
	573
	1812

	Floyd
	501
	16472
	33
	106157
	212
	573
	1924

	Franklin
	583
	10900
	19
	198056
	340
	573
	2291

	Fremont
	517
	8190
	16
	24261
	47
	603
	1539

	Greene
	571
	9960
	17
	154717
	271
	573
	2133

	Grundy
	503
	12135
	24
	156834
	312
	589
	2491

	Guthrie
	593
	11272
	19
	81536
	137
	627
	1638

	Hamilton
	577
	15882
	28
	448312
	776
	580
	2647

	Hancock
	573
	11901
	21
	174621
	305
	573
	2286

	Hardin
	570
	18328
	32
	395359
	694
	573
	2401

	Harrison
	701
	14979
	21
	66383
	95
	573
	1558

	Henry
	437
	19646
	45
	88271
	202
	601
	1666

	Howard
	474
	9799
	21
	98979
	209
	598
	1451

	Humboldt
	436
	10174
	23
	85721
	197
	573
	2510

	Ida
	432
	8276
	19
	120684
	279
	573
	2002

	Iowa
	587
	14909
	25
	134113
	228
	573
	1798

	Jackson
	650
	20301
	31
	89234
	137
	577
	1599

	Jasper
	733
	35055
	48
	180743
	247
	593
	1856

	Jefferson
	437
	16942
	39
	72998
	167
	729
	1282

	Johnson
	623
	103444
	166
	137946
	221
	930
	2195

	Jones
	577
	19988
	35
	147204
	255
	573
	1784

	Keokuk
	580
	11389
	20
	144412
	249
	573
	1536

	Kossuth
	974
	18023
	18
	323029
	332
	573
	2431

	Lee
	539
	38783
	72
	113345
	210
	592
	1508

	Linn
	725
	177725
	245
	80301
	111
	738
	2288

	Louisa
	418
	11658
	28
	90189
	216
	573
	1952

	Lucas
	434
	8852
	20
	19082
	44
	573
	855

	Lyon
	588
	11759
	20
	325619
	554
	573
	2000

	Madison
	562
	13151
	23
	40136
	71
	627
	1409

	Mahaska
	573
	21804
	38
	247819
	432
	573
	1572

	Marion
	571
	30762
	54
	80740
	142
	622
	1485

	Marshall
	573
	38045
	66
	118159
	206
	632
	2058

	Mills
	440
	13775
	31
	17544
	40
	583
	1618

	Mitchell
	469
	11041
	24
	265686
	566
	573
	1831

	Monona
	699
	10072
	14
	55490
	79
	573
	1468

	Monroe
	434
	8064
	19
	45184
	104
	603
	1004

	Montgomery
	425
	12004
	28
	38330
	90
	573
	1425

	Muscatine
	449
	41162
	92
	68777
	153
	605
	2139

	O'Brien
	573
	15242
	27
	283000
	494
	573
	2522

	Osceola
	399
	7023
	18
	216701
	542
	573
	2196

	Page
	535
	16658
	31
	61151
	114
	573
	1267

	Palo Alto
	569
	10309
	18
	199116
	350
	573
	2242

	Plymouth
	864
	24568
	28
	460965
	534
	598
	2038

	Pocahontas
	579
	8954
	15
	118209
	204
	573
	2437

	Polk
	592
	350865
	593
	21780
	37
	751
	2081

	Pottawattamie
	960
	83483
	87
	87323
	91
	850
	1656

	Poweshiek
	586
	18977
	32
	109074
	186
	622
	1798

	Ringgold
	539
	5411
	10
	181241
	336
	573
	883

	Sac
	578
	12111
	21
	350473
	606
	573
	2217

	Scott
	468
	156356
	334
	104705
	224
	668
	2913

	Shelby
	591
	12949
	22
	119133
	201
	573
	1685

	Sioux
	769
	31233
	41
	762294
	992
	573
	2230

	Story
	574
	74695
	130
	102688
	179
	708
	2525

	Tama
	722
	17889
	25
	103275
	143
	573
	1983

	Taylor
	535
	7112
	13
	41037
	77
	574
	1016

	Union
	426
	12302
	29
	56082
	132
	603
	1072

	Van Buren
	491
	7636
	16
	43971
	90
	573
	1124

	Wapello
	436
	35713
	82
	34941
	80
	578
	1165

	Warren
	573
	39238
	68
	42339
	74
	751
	1522

	Washington
	571
	20258
	35
	436353
	765
	603
	2008

	Wayne
	527
	6863
	13
	20808
	39
	573
	840

	Webster
	718
	38817
	54
	149935
	209
	572
	2592

	Winnebago
	402
	11881
	30
	44371
	110
	573
	2087

	Winneshiek
	690
	20806
	30
	125534
	182
	573
	1449

	Woodbury
	877
	101029
	115
	103850
	118
	725
	1628

	Worth
	402
	7816
	19
	46325
	115
	582
	2025

	Wright
	583
	14152
	24
	358616
	616
	573
	2604


FIGURE 3: Farmland Values Regression 

	SUMMARY OUTPUT FOR FARMLAND VALUES
	
	
	
	

	
	
	
	
	
	
	
	
	

	Regression Statistics
	
	Y =   
	Farmland Values in County
	
	
	
	

	Multiple R
	0.573731555
	
	X1 =
	Human Population Density
	
	
	
	

	R Square
	0.329167897
	
	X2 =
	Hog Population Density
	
	
	
	

	Adjusted R Square
	0.315192228
	
	
	
	
	
	
	

	Standard Error
	408.0605388
	
	
	
	
	
	
	

	Observations
	99
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	ANOVA
	
	
	
	
	
	
	
	

	 
	df
	SS
	MS
	F
	Significance F
	
	
	

	Regression
	2
	7843755.828
	3921877.914
	23.55292629
	4.75844E-09
	
	
	

	Residual
	96
	15985286.72
	166513.4033
	
	
	
	
	

	Total
	98
	23829042.55
	 
	 
	 
	
	
	

	
	
	
	
	
	
	
	
	

	 
	Coefficients
	Standard Error
	t Stat
	P-value
	Lower 95%
	Upper 95%
	Lower 95.0%
	Upper 95.0%

	Intercept
	1378.291784
	77.41005901
	17.80507342
	3.53312E-32
	1224.633914
	1531.949654
	1224.633914
	1531.949654

	popdens
	2.090086251
	0.562808891
	3.713669568
	0.000342893
	0.972918578
	3.207253925
	0.972918578
	3.207253925

	hogdens
	1.364558459
	0.219561964
	6.214912784
	1.3224E-08
	0.928731071
	1.800385847
	0.928731071
	1.800385847


FIGURE 4: Residential Rents Regression 

	SUMMARY OUTPUT FOR RESIDENTIAL PROPERTIES
	
	
	

	
	
	
	
	
	
	
	
	

	Regression Statistics
	
	Y =
	Res. Rents in County
	
	
	

	Multiple R
	0.58162867
	
	X1 =
	Human Pop. Density
	
	
	

	R Square
	0.338291909
	
	X2 =
	Hog Pop. Density
	
	
	

	Adjusted R Square
	0.324361213
	
	
	
	
	
	
	

	Standard Error
	50.67058519
	
	
	
	
	
	
	

	Observations
	98
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	ANOVA
	
	
	
	
	
	
	
	

	 
	df
	SS
	MS
	F
	Significance F
	
	
	

	Regression
	2
	124698.3227
	62349.16133
	24.28391903
	3.03149E-09
	
	
	

	Residual
	95
	243913.2794
	2567.508204
	
	
	
	
	

	Total
	97
	368611.602
	 
	 
	 
	
	
	

	
	
	
	
	
	
	
	
	

	 
	Coefficients
	Standard Error
	t Stat
	P-value
	Lower 95%
	Upper 95%
	Lower 95.0%
	Upper 95.0%

	Intercept
	591.9031764
	9.637363241
	61.41754353
	2.87217E-78
	572.7706051
	611.0357478
	572.7706051
	611.0357478

	popdens
	0.464254706
	0.071896087
	6.457301464
	4.50245E-09
	0.32152303
	0.606986382
	0.32152303
	0.606986382

	hogdens
	-0.045714815
	0.027308052
	-1.674041605
	0.097411881
	-0.099928114
	0.008498484
	-0.099928114
	0.008498484


