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Abstract

Objective:  Provide preliminary analysis for the environmental implications of increasing population pressures in the Ecuadorian Amazon over the period 1990 to 1999.  We examine human impacts on the environment of greater numbers of people and farm units (Finca Madre’s) on a finite land area over time given differences in farm family size and composition as well as location relative to roads and towns/markets, off-farm work, topography, and soil quality.  

Data: The data are from household surveys collected in 1999 from migrant settlers living on plots in the northern Ecuadorian provinces of Sucumbios, Napo and Orrellana.  

Methods: Descriptive tables are developed to portray the changes that have occurred over time.  Multivariate regression in SAS version 6.12 was used to model the percent of forest remaining on a Finca Madre.  Three sets of independent variables, corresponding to three sets of demographic variables, were used to predict deforestation.  A square root transformation of percent of forest remaining was used as the response to help stabilize the variance estimates and satisfy model assumptions.

Results:  Significant changes in farm composition have occurred since 1990.  Mean forest cover on a Finca Madre has decreased from 62% in 1990 to 46% in 1999.  Over that same time period, mean pastureland has increased from 14% to 21% indicating only half the loss of forest could be attributed to increased cattle as a maximum.  Mean cropland (perennials and annuals combined) also increased from 14% to 18% and the amount of land in fallow has increased from 3% to 6%.  Regression models indicate that population, soil, topography, distance to market, and size of the Finca Madre are significant indicators to predict forest coverage. 

Introduction

In 1967 substantial oil deposits were found in Ecuador near Lago Agrio, leading to the establishment of oil wells and pumping stations throughout the region.  The discovery lead to the construction of roads to lay pipelines which would later be used to extract the oil and pump it over the Andes to the Pacific Coast for export.  Once these roads were built, thousands of families poured into the region following the roads in search of land.  New farms were created along the roads, and subsequently various kilometers away from the roads.  The Ecuadorian government, through its land reform and colonization institution, IERAC, offered large 40-50 hectare plots of land, termed Finca Madres, to nearly anyone who made a claim.  As migrants claimed and partially cleared farm plots, dramatic changes in the landscape occurred and environmental pressures began to mount.  

In 1990, data were collected from a probability sample of migrant settler plots in the northern Ecuadorian provinces of Sucumbios and Napo to analyze patterns of land clearing and land use up to that time.  The sample comprised 480 plots (one household per plot, which may own or manage the entire Finca Madre or could be part of a subdivision within a Finca Madre), mostly of 40-50 ha., in 64 sectors or precooperativas and involved detailed interviews with both heads of households and spouses.  A follow-up survey of the same sample plots was completed in September 1999.  950 questionnaires were administered to heads of household and 786 to the spouses of the heads.  The 950 responses resulted in the collection of information from 823 farms, 109 solares, and 18 classified as schools, plantations, or other land uses.  GPS readings, satellite imagery, road, topography, soil and political maps were also collected and digitized by the Spatial Laboratory of CPC and put into a Geographic Information System.  

Unfortunately, due to our just receiving the cleaned 1999 data from Ecuador, statistical analyses involving 1990 and 1999 linked data have not yet been feasible.  Therefore, the objective for this paper is to perform preliminary analysis of the data by characterizing land use patterns for entire Finca Madres, rather than for individual plots, which will be done later.  This approach may restrain the breadth of models that can be developed, but it allows for key insights into the 1999 data that will aid in building future models. 
Data and Definitions

This paper stems from ongoing research performed jointly by the Carolina Population Center (CPC) at the University of North Carolina of Chapel Hill and Ecociencia, a leading ecological research institution in Quito, Ecuador. Data cleaning was performed by CEPAR, the leading population research organization in Ecuador, and researchers from CPC.  92% of the interviews resulted in completed questionnaires, 3% were either incomplete, refused the interviewed, or the interviewer could not find the head or spouse, and 3% of the time the farm was abandoned or uninhabited.      

Finca Madre

A Finca Madre is the term we use for the approximate 50-hectare area of land that the original migrant settler families could claim for ownership from IERAC.  As more people moved into the region, a Finca Madre may subdivide or consolidate according to the needs of the population.  In some cases fathers who originally migrated to the region would give part of his land to his son and part to a relative moving to the area.  In other cases, 1990 subdivisions on a Finca Madre were bought or legally acquired through some means by a land owner either located on the Finca Madre or somewhere else. Regardless of whether a Finca Madre was subdivided, consolidated, or remained the same, all the information regarding land use was aggregated such that one observation of data consisted of the combined information for all the households on a Finca Madre.

Forest Coverage

The primary response variable is the percent of land remaining in either primary or secondary forest. In the 1999 survey, heads were asked to report their land use in 1990 (or the year they acquired the farm between 1990 and 1999) as well as 1999.  They recorded all land use, including the number of hectares in perennial and annual crops, pasture, forest, fallow, and swamp.  Fallow and swampland are sometimes not distinguished from primary and secondary forest in a forest coverage analysis, but not in our case.  When heads report land use, they also indicate whether the particular land use was in association with trees or alone.  Agricultural ventures which leave some uncut trees (i.e. agroforestry, pasture within trees, etc.) were also not included in the forest variable, which therefore intends our forest variable to refer to largely unexplored primary forest.  

Population

Males over 12 are the primary workers on farms.  They manage the fields, tend herds, produce income for their families to live, and if they are heads of the household, they are the primary decision-makers of agricultural expansion leading to forest clearance.  Males over 12 are also the largest consumers of income in terms of food consumption.  However, the presence of females over 12 on a farm usually coincides with the presence of children.  In fact, there are only 2 Finca Madres with no women and at least one child.  Therefore, one can hypothesize that women are an important factor in forest clearance due to their link to total Finca Madre population, which has an effect on human needs from the farm.  The total number of children should also be a reliable indicator for the subsistence needs of the farm for the family.  These variables referring to population size were each calculated by summing the number of people listed on every household roster within the same Finca Madre. 
Soil and Topography

Soil was classified according to type and quality for each household.  Soil type could be black, red, sandy/alluvial, or other, while soil quality was subjectively defined as good, regular, or poor.  One would expect a strong correlation between the two classifications, with soil type being the more accurate measure of agricultural production due to its less subjective nature.  Farm topography could be classified as flat, rolling, steep hills, flat / rolling, rolling / steep, or flat / steep hills.  Black and good soil, as well as flat topography, were of primary interest in regard to forest clearing.  These variables were incorporated into the analysis as the percent of the Finca Madre with the specified soil / topography characteristic.  They were calculated by taking a weighted average of the number of times soil or land was classified as “Good”, “Black”, or “Flat” according to the size of the individual plot to the overall size of the Finca Madre. For example, suppose a 50-hectare Finca Madre was subdivided into five 10-hectare farms. Each farm reports their soil type / quality and topography to the interviewer.  If two report black soil, three report good soil, and all five report flat land, the corresponding percentages classifying the Finca Madre soil and topography would be 40% black soil, 60% good soil, and 100% flat land.  

Distance

The average distance of all subdivisions on a Finca Madre to the nearest town by primary and secondary roads was calculated by summing all the distances reported and dividing by the number of households.  This was believed to be a good indicator of forest clearance since farms that have easier access to markets may increase production to make larger profits.  Earlier work of Pichon and Bilsborrow (Pichon, 1993; Pichon and Bilsborrow 1999) based on the 1990 data also found strong effects of distance. 

Education

A weighted average of the heads was to serve as the overall measure of education for the entire plot.  However, two problems existed: 1) There were approximately 75 Finca Madre’s whereby the education of the head was not listed or could not be linked from the household roster in the current state of the data.  2) Education was on an upward scale of “None” (1) to “University” (7).  There were two additional options of “Other” (8) and “Not applicable” (0).  There are a few cases of these that can skew the average education since it is not clear whether these choices refer to higher or lower education levels.  Ignoring these problems cause one to have a skewed measure of average education with a smaller sample of Finca Madre’s to compare.  Due to the difficulties of applying an education measure in this format, education was omitted as a variable.

Off-farm labor

Men working off the farm contribute to household income, but may also have a reducing effect on deforestation due to their absence from their farm.  In the head of household questionnaire, all members of the household working off the farm over the 12 months for at least one month was reported.  Therefore, the total number of men over 12 years working off the farm was summed across the Finca Madre.  However, since the table requires only one month of off-farm labor to be recorded, this measure may be inaccurate.  5 Men on one Finca Madre may work a total of 1 month each off their farm, while 5 men on another Finca Madre may work 5 months each off their farm.  In our analysis they are treated equally, which will be corrected in the future.

Methods

There were two sets of analysis performed on this data.  The first involved descriptive methods to characterize general land patterns.  Tables and graphs were developed to describe trends of land use across predictor variables over time, and simple t-tests were performed to compare means (paired t-tests were considered, but a serious loss of sample size would result).  In most cases, a p-value below 0.05 is considered significant, however when comparing land use over time, we had to use a Bonferroni-adjusted p-value of 0.00625 to account for the correlated outcomes compared.  All analysis was performed using SAS version 6.12.

The second analysis was a multivariate regression using PROC GLM in SAS.  Three models were fit using percent forest coverage of the Finca Madre as the response.  Collinearity was assessed by examining the Variance Inflation Factor (VIF), Condition Index, Tolerance, and the Covariance and Correlation matrices.  Residual – Predictor plots were used to check model assumptions.  A square root transformation of the response was used to help stabilize variance.  The three models correspond to the following three sets of independent variables:

1. Males > 12, Females > 12, Distance to nearest town, Flat land, Black Soil, Plot size

2. Adults, Distance to nearest town, Flat land, Black Soil, Plot Size

3. Number of subdivisions, Percent of males, Distance to nearest town, Flat land, Black Soil, Plot size

Interactions were considered; however, the few interactions that were significant did not make theoretical sense, therefore, all interactions have been omitted.   

Results 

Descriptive Statistics

There were 261 Finca Madres that reported land use in 1990 and 371 in 1999.  The difference is due to the fact that many people arrived between 1991-1998; therefore their land use extends from the time they arrived to the farm to the current 1999 land use.  Those arriving between 1991-1994 were added to the 1990 total (38 Finca Madres), while those arriving between 1995-1998 were omitted from the 1990 total (however, their 1999 land use was included).

Table 1a displays descriptive demographic information for 371 Finca Madres.  The mean population found on a Finca Madre was 12 people (4 men, 3 women, and 5 children), with an average of 2.5 subdivisions, 9 cattle, and 20 km to the nearest town by road.  The average 46 hectare Finca Madre terrain is described as having 50% black soil, 34% good soil, and 34% flat land.

Table 1b compares land uses for 1990 and 1999.  A t-test of mean difference indicated that perennials planted alone, annuals planted among trees, other crops, secondary forest, and land in swamp did not change significantly at the Bonferroni-adjusted 0.00625 level.  All the other variables tested showed a significant difference between 1990 and 1999 land use.  Most notable was primary forest, which decreased from 59% coverage in 1990 to 43% in 1999, and pasture land (alone and in association among trees), which increased from 14% to 21% over the 10 year period.  The percent of land in fallow nearly tripled from 2.6% in 1990 to 7.1% in 1999.  

To see the effect of population on land use, we looked at the distribution of land use across population levels.  Tables 2a-2c display mean percentages of land use for different levels of men, women, and children on the Finca Madre.  The general trend is obvious – as the number of people increase, the percent of forest decreases and the percent of agricultural use (crop production and pasture) increases.  However, the trend among children did not have a very distinguishing land use pattern.  Mean forest cover ranged from 59% for no children to 43% for a Finca Madre with 7-8 children, with a sharp decline only occurring on plots with more than 9 children.  In comparison, a sharp decline in forest coverage began to occur when 5 men or women were present on the Finca Madre. 

The average distance to the nearest town is 20 km, but examining the trend of land use over different distances does not appear to indicate changes in land use.  However, a comparison of Finca Madres over 20 km and under 20 km does show a significant differences in land use.  Mean forest coverage for a Finca Madre under 20 km vs. over 20 km was 43.7% and 54.4% respectively (t=-3.78, p=0.0002).  People living closer to a town also tended to have more cropland (t=3.36, p=0.0009) and more land in fallow (t=2.35, p=0.019).

The number of subdivisions on a Finca Madre is highly correlated to the population measures. Pearson correlation coefficients were calculated between subdivisions with men, women, and children to be 0.85, 0.83, and 0.8 respectively.  Consequently, the number of subdivisions may be a good indicator of land use and deforestation, it cannot be used in conjunction with population in a model.  Table 3 lists the mean percentages of land use across the distribution of subdivisions.  One can clearly conclude that as the number of subdivisions increase, the amount of crops, pasture and fallow land all increase, while forest coverage decreases.  

Good and black soils were not as highly correlated as one might expect (0.41).  When Finca Madres were classified as having 25% or less “good” soil, land use consisted of 47% forest cover, 20% pasture, 16% crops, and 6.6% fallow, while those classified as having 75% or more “good” soil, forest cover was 44%, 21% pasture, 19% crops, and 8.2% fallow.  Using a Bonferroni adjusted p-value of 0.0125, none of these differences were found to be significant.  In contrast, the same comparisons for flat land and black soil among all land uses were significantly different, except for fallow land.  A Finca Madre with 75% or more flat land or 75% or more black soil tended to have more land in agricultural use (crops and pasture), less land in forest, and more land in swamp.  

Off-farm labor did not have any striking trends to note in land use.  As the number of men working off the farm increased, pasture and cropland stayed approximately stable, while forest coverage slightly decreased and fallow land slightly increased. 

Multivariate Regression

Through the help of the descriptive data above, three models are proposed to fit in multivariate regression.  All variables entered into the model are considered continuous, except for distance, which is a dichotomous variable (0 for distances less than 20 km, 1 for distances greater than 20 km).  All variables also have a lower bound of 0, except for the number of subdivisions, which has a lower bound of 1. Six Finca Madres were deleted for being outliers; five due to high leverage values and one due to its high influence. 

The response variable was percent of primary or secondary forest remaining on the plot. However, Figure 1 shows the residual / predictor for fitting Model 1 with no transformation of the response.  There is a clear fan shape to this plot indicating a relationship between the mean and variance of the response.  Multiple transformations were tested to stabilize this relationship ranging from power transforms, Box-Cox, and logarithms.  Although none of these were successful in fully stabilizing the variance, the square root transform appeared to reduce heteroscedasticity to tolerable levels.  Figure 2 is the same plot as Figure 1, but using the square root transform for the response.  More randomness is associated with this graph, but one can still see a slight relationship between mean and variance.  

Table 5 displays the regression results for each of the three models.  It is not surprising that the intercept is approximately the same for each model.  One can also see that population, soil, and topography variables consistently decrease the amount of land in forest coverage regardless of the model used.  Distance to the nearest town and size of plot are the only significant variables that have an additive effect on forest coverage.  If a plot is located more than 20 km from the nearest town, there is a 5% increase in forest cover.  Likewise, for every 1 hectare increase in plot size, forest cover increases between 0.1-0.2%.  

Summary

In this analysis of Ecuadorian land use patterns, we have shown that when controlling for variables used in our models, population pressure, topography, and soil type and quality are major factors in predicting forest coverage. Larger population, flat land, and black soil are all associated with a decrease in forest coverage, while further distance from a town and plot size are associated with more forest coverage.  Males and females over 12 are more predictive of forest coverage than children, while males over 12 appear to be slightly more predictive than females over 12.  The number of subdivisions is highly correlated with population, but when modeled separately, the number of subdivisions was highly significant in predicting forest coverage.  Black soil was much more predictive than good soil, while flat land appeared to outperform either.  

Although the comparison of land use over time will be more effectively performed when the 1990 and 1999 data are linked, our analysis has found definite changes over time.  The amount of land in crops, pasture, and fallow have all increased, while forest coverage has clearly decreased.  

There are many limitations of the current analysis that may be important to future research.  First, a better transformation of the response variable needs to be found that can stabilize the relationship between the mean and variance.  Possible candidates include the logit and probit transformations.  Finding a transformation may be very important when research moves beyond analyzing data for the Finca Madre to analyzing smaller, individual plots.  This leads to a second limitation, which is the inability to properly handle the correlation structure.  Within a Finca Madre, subdivisions are highly correlated in their land use decisions.  Aggregating their data causes a loss of information, which is handled more effectively through analysis of individual plots.  In addition, land use between neighboring Finca Madres within the same sector might be correlated.  This correlation is assumed to be zero in our analysis.  A third limitation is the lack of possible variables to compare through both descriptive analysis and regression analysis.  Aggregated data also lose some of the plot-level decision-making processes that can be important for forest clearance.  These include attitudes toward the environment, education, income, use of technology, and contacts with external agents and services.  

Future research will also link the 1990 data set to the 1999 data.  This will allow for better comparisons of land use over time and the ability to model changes in land use.  When analysis characterizing overall Finca Madre land use is completed, individual plot analysis combined with community-level data should be performed.  This will allow for the ability to model forest clearance in a multi-level framework to examine the effects of community or structural factors on land use practices of farm families. 
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Table 1a:
1999 descriptive demographic variables

	1999 (n=371)

	Variable
	Mean
	Standard Deviation
	Minimum
	Maximum

	Plot Size
	47.6
	14.92
	4
	170

	Males>12
	  4.0
	  3.95
	0
	41

	Females>12
	  3.2
	  3.25
	0
	31

	Children<=12
	  4.5
	  4.85
	0
	31

	# of Subdivisions
	  2.5
	  2.51
	1
	25

	# cattle
	  8.7
	17.22
	0
	232

	% of Finca Madre with “GOOD” Soil 
	34
	  0.44
	0
	1

	% of Finca Madre with “BLACK” Soil
	48
	  0.47
	0
	1

	% of Finca Madre with “FLAT” Land
	34
	  0.44
	0
	1

	KM on foot to road for all households on the Finca Madre
	  1.4
	  2.67
	0
	25

	Average KM on road (primary and secondary) to town for all households on Finca Madre
	19.7
	14.59
	0
	70


Table 1b:
Land use variables over time

	1990 (n=299)
	1999 (n=371)

	Variable
	Mean
	Standard Deviation
	Mean
	Standard Deviation
	Prob>|T| 

	Size of Finca Madre
	44.3
	14.19
	47.6
	14.92
	0.004

	% of Finca Madre in Perennial Crops (coffee, cacao, african palm, palmito)
	Alone / inter-cropped
	6.6
	10.68
	7.8
	10.35
	0.145

	
	In  Trees
	5.3
	9.58
	7.1
	10.61
	0.019

	% of Finca Madre in annuals (rice, maize), bananas, kitchen garden
	Alone / inter-cropped
	1.6
	3.27
	3.0
	3.97
	0.0001

	
	In Trees
	0.6
	2.84
	0.1
	2.31
	0.234

	% of Finca Madre in “other” crops
	1.0
	5.76
	1.0
	5.52
	0.963

	% of Finca Madre in Pasture
	Alone 
	6.6
	14.36
	10.0
	16.93
	0.006

	
	In Trees
	7.0
	15.56
	10.6
	17.72
	0.006

	% of Finca Madre in Primary Forest
	59.2
	31.36
	43.1
	29.50
	<0.0001

	% of Finca Madre in Secondary Forest
	3.6
	14.22
	3.8
	12.1
	0.814

	% of Finca Madre in Fallow
	2.6
	8.52
	7.1
	10.31
	0.0001

	% of Finca Madre in Swamp 
	5.8
	10.48
	5.4
	9.81
	0.589


Table 2a:
1999 Land use according to the number of adult men on Finca Madre (%)

	Number of  males over 12 on the Finca Madre
	Crop sum1
	Pasture2
	Other
	Fallow
	Swamp
	Forest

	0
	8.3
	8.8
	1.6
	5.6
	2.3
	73.4

	1
	11.0
	19.5
	0.3
	6.0
	5.6
	57.6

	2
	12.2
	17.2
	0.3
	5.2
	5.3
	59.6

	3
	19.6
	19.6
	1.8
	6.4
	6.0
	46.5

	4
	19.4
	22.9
	2.0
	9.9
	5.0
	40.8

	5
	23.5
	16.2
	1.5
	7.1
	3.5
	46.6

	6
	27.1
	21.9
	0.1
	6.7
	7.6
	36.5

	7-8
	33.6
	21.1
	2.1
	10.6
	5.6
	26.8

	>=9
	30.5
	35.2
	1.0
	10.2
	5.2
	17.6


Table 2b:
1999 Land use according to the number of adult women on Finca Madre (%)

	Number of Females over 12 on Finca Madre
	Crop sum1
	Pasture2
	Other
	Fallow
	Swamp
	Forest

	0
	11.9
	13.1
	1.3
	4.7
	3.3
	65.6

	1
	11.8
	18.2
	0.8
	6.5
	4.9
	57.8

	2
	17.4
	18.9
	0.1
	4.3
	5.2
	53.9

	3
	19.6
	20.3
	0.9
	8.9
	6.7
	43.5

	4
	24.1
	21.0
	0.7
	8.7
	4.1
	39.8

	5
	22.7
	17.1
	2.1
	4.9
	6.3
	46.9

	6
	26.6
	22.8
	3.8
	10.8
	4.6
	31.3

	7-8
	35.7
	21.2
	3.8
	13.0
	7.8
	18.4

	>=9
	27.1
	41.9
	1.0
	12.2
	4.6
	12.9


Table 2c:
1999 Land use according to the number of children on Finca Madre (%)

	Number of Children under 12 on Finca Madre
	Crop sum1
	Pasture2
	Other
	Fallow
	Swamp
	Forest

	0
	13.3
	17.1
	1.0
	4.6
	5.1
	58.9

	1
	15.8
	18.6
	0.7
	5.4
	3.4
	56.2

	2
	15.6
	22.9
	1.0
	5.5
	5.7
	49.5

	3
	16.9
	16.1
	0.2
	7.3
	3.8
	55.6

	4
	17.9
	18.1
	3.0
	7.5
	6.7
	45.3

	5
	16.0
	18.3
	2.2
	6.0
	6.4
	51.2

	6
	22.5
	17.6
	1.2
	8.8
	7.3
	42.3

	7-8
	22.0
	20.5
	0.5
	10.8
	3.0
	43.3

	>=9
	28.0
	28.1
	0.7
	10.8
	6.2
	26.0


1 -  Crop Sum is the summation of all crops planted on the farm (perennials and annuals) whether they are planted alone, inter-cropped, or planted among trees.

2 -  Pasture is the sum of all land cleared for pasture and all land designated for pasture among trees. 

TABLE 3:
1999 Land use according to the number of subdivisions on a Finca Madre(%)

	Number of Subdivisions on Finca Madre
	Crop sum
	Pasture
	Other
	Fallow
	Swamp
	Forest

	1 
	(n=200)
	12.4
	18.9
	1.2
	5.7
	4.3
	57.5

	2 
	(n=85)
	17.6
	17.0
	1.0
	7.6
	7.3
	49.4

	3 
	(n=42)
	23.0
	19.6
	1.4
	6.0
	6.0
	43.6

	4
	(n=22)
	30.4
	19.6
	0.5
	9.6
	6.0
	31.7

	5-6 
	(n=20)
	36.4
	25.6
	0.2
	11.6
	4.1
	21.8

	>=7
	(n=25)
	33.3
	31.6
	0.7
	12.3
	4.4
	17.6


TABLE 4:  
Under 25% vs. Over 75% of Finca Madre with Good Soil, Black Soil, or Flat Land

	Land Characteristic
	Forest Cover
	Crop

(perennials + annuals)
	Pasture
	Fallow

	Good Soil
	< 25%
	47.2
	16.3
	19.7
	6.6

	
	>75%
	44.3
	19.4
	20.4
	8.2

	
	Prob > |T|
	0.38
	0.054
	0.77
	0.20

	Black Soil
	< 25%
	52.0
	15.0
	17.1
	6.2

	
	>75%
	39.3
	20.6
	24.0
	7.8

	
	Prob > |T|
	<0.0001
	0.0002
	0.0019
	0.15

	Flat Land
	< 25%
	50.3
	15.9
	16.7
	6.8

	
	>75%
	36.8
	22.7
	25.7
	6.9

	
	Prob > |T|
	<0.0001
	0.0001
	0.0001
	0.97


TABLE 5:
Multivariate Regression output
	Model #
	R2
	Independent Variables
	Estimate
	Standard Error
	Probability > |T|

	1
	0.25
	Intercept

Males over 12 years

Females over 12 years

Distance to town (>20 km vs. <20 km)

% Finca Madre with Flat land

% Finca Madre with Black soil

Size of plot (1999)
	0.71

-0.02

-0.01

0.05

-0.09

-0.07

0.002
	0.0445

0.0065

0.0077

0.0236

0.0302

0.0280

0.0008
	0.0001

0.0043

0.0978

0.0563

0.0022

0.0214

0.0192

	2
	0.25
	Intercept

Adults on the Finca Madre

Distance to town (>20 km vs. <20 km)

% Finca Madre with Flat land

% Finca Madre with Black soil

Size of plot (1999)
	0.71

-0.02

0.05

-0.09

-0.07

0.002
	0.0443

0.0024

0.0237

0.0302

0.0280

0.0008
	0.0001

0.0001

0.0573

0.0020

0.0206

0.0209

	3
	0.23
	Intercept

Number of subdivisions
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Figure 1:
Residual vs. Predicted values for Model 1, no transformation of the response
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Figure 2:
Residual vs. Predicted values for Model 1, square root transformation of the response
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