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(a)

(b)

Figure 4-2. Steady states plots for (a) benchmarks and (b) ecological site units
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Figure 4-3. Scree plot for two MDS solutions to help determine the number of dimensions
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(a)

(b)

Figure 4-4. MDS solution for the period 1984 - 1996: (a) includes all the SMUs, (b) units
with a major soil component (>60%)
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Figure 4-9. Samples of similarity endmember SMUs to a cheatgrass benchmark (TS-13). Arrows indicate the magnitude of similarity
(green=Dissimilar, red = Similar).
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Figure 4-10. Samples of similarity endmember SMUs to a Pynion-Juniper benchmark (TS-06). Arrows indicate the magnitude of similarity
(green=Dissimilar, red = Similar).
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Figure 4-11. Similarity to PJ encroachment (benchmark TS-06). Section of SMU # 5 of
R028AY215 with field point 07252007 (UTM East 320640, North 4583520). Photo by
Alexander Hernandez.
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Figure 4-12. Similarity to PJ encroachment (benchmark TS-06). Section of SMU # 60 of
R028AY215 with field point 07112007 (UTM East 316947, North 4631891). Photo by
Alexander Hernandez.
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Figure 4-13. Similarity to cheatgrass invasion (benchmark TS-13). Section of SMU # 49 of
R028AY215 with field point 07242007 (UTM East 322489, North 4633040). Photo by
Alexander Hernandez.
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Figure 4-14. Similarity to cheatgrass invasion (benchmark TS-13). Section of SMU # 2 of
R028AY215 with field point 07262007 (UTM East 316256, North 4616998). Photo by
Alexander Hernandez.
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CHAPTER 5

SUMMARY AND CONCLUSION

Ecological site descriptions (ESD) (U.S. Department of Agriculture 2008) together
with state and transition models (STM) (Westoby et al. 1989) constitute a conceptual
framework for the monitoring and assessment of rangelands in the western United States.
Units from the same ecological site are expected to produce the same type and amount of
vegetation and respond similarly to management activities and disturbance events. The STM
describes "the patterns, causes and the indicators of transitions between communities within
an ecological site" (USDA-ARS 2010), and in this way may be thought of as a decision
support system that range conservationists and other individuals actively engaged in
rangeland management can use to achieve sustainability in these fragile ecosystems. A STM
that has been properly correlated to an ecological site provides the opportunity to recognize
indicators (i.e. percent cover by invasion of exotics, encroachment, productivity variations,
etc.) of certain transitions that lead to undesired states that may impact the ecological services
provided by these sites. Therefore, it is of great importance to identify those indicators on the
landscape in a timely manner.

The fact that ecological site units are large spatial entities and that STMs have a
prominent temporal component call for the utilization of multi-temporal geospatial data sets
and ecological models to help in the identification of the indicators mentioned above. For the
models to have credibility, and thus applicability, they must be trained and validated with
plausible field information. The main thrust of our research was to develop methods that
generate those indicators at a landscape level, and that can be used to characterize past and

current conditions of ecological sites.
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In Chapter 2 we took advantage of the contrast in greenness that may be obtained

between remotely sensed vegetation indices captured during the assumed peak and die-off
dates for cheatgrass. We found that this contrast in conjunction with elevation were the most
important variables to model presence and absence for three temporal scenarios. Generating
a multi-temporal classification permitted the identification of those areas that have had a
persistent presence of the annual exotic. It is therefore possible to quantify what percentage
of an ecological site unit has been under continual pressure, and the spatial location within
the units that this has happened.

Additional information to assess ecological site units was generated from research
reported in Chapter 3. We utilized relatively novel regression methods to generate a multi-
temporal collection of continuous vegetation fields (VCF). VCFs are sub-pixel estimates of
percent cover for shrubs, trees, grasses, and bare ground. Better validation results were
obtained for the VCF of shrubs and grasses. Having multi-temporal percent cover estimates
for shrubs, for example, allows not only knowing current cover conditions for individual
ecological site units but also allows us to identify where shrub cover is increasing or
decreasing. We also decided to use the combined dynamics of shrubs and trees to identify
potential areas of woodland encroachment into big sagebrush areas. The modeled
encroachment areas may be associated with modeled cheatgrass persistence from chapter 1 in
order to provide even more information about current conditions of sagebrush sites.

In Chapter 4 we explored the utilization of long-term (1984 - 2008) remotely sensed
vegetation indices to assess the similarity of ecological site units to undesired states by means
of an ordination technique. We found that the spatiotemporal spectral signature of
benchmarks (areas of known condition) as well as that of soil map units with a major

ecological site component was distinct enough both in the original spectral and the reduced
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ordination space to allow us to establish a measure of similarity between the two. Because we

split the ordination analysis in two periods (1984-1996 and 1997-2008) we were able to
follow trajectories for benchmarks and ecological sites, and also to provide an interpretation
of said trajectories in two dimensions. This allowed us to assess not only how similar
ecological sites are to current undesired states but also to estimate the potential previous and
current condition in terms of productivity and occupancy by bare ground. Our finding in this
chapter may be used to update draft STMs.

The work presented in Chapters 2, 3, and 4 have explored novel statistical methods to
generate geospatial indicators that may be readily used to enhance understanding of current
and past conditions of big sagebrush ecological sites. In those three chapters, the need to
have multi-temporal remotely sensed data sets was obvious for three primary reasons: (a)
even though field assessments have very fine spatial and thematic resolutions, the inferences
that can be drawn are valid only to very specific locations and very explicit times, (b) the
pace at which threats advance over shrub communities usually takes years and/or decades
thereby rendering one-year studies inadequate to assess the dynamics of threats, and (c)
threats to shrub communities may strike from several fronts that may be left out during field
monitoring and assessment. Our research does not intend to supersede traditional field
monitoring; rather it provides additional insight about spatiotemporal dynamics of threats to
sagebrush communities. This insight can potentially enrich current ESD and STM in

rangelands of Northern Utah.
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# Sample R Code for Cheatgrass Classification : Chapter 2
# SVM Classification in R
# Loading required libraries
library (randomForest)
library(el071)
library (MASS)
library(yaImpute)

FhEFHF A A AR RS Year 1996 #H##HHHEHFHHHHEEFHSAES

# Using all available points to determine variable importance in Random Forests for year
1996

VariablesImp2 = NULL

for (Set in 1:500) {

#Read the Data

Belder.cgrass=read.csv ("/Users/alex hernandez/Desktop/ModelingCG/Y1996/cgrassl996.txt", he
ader=T)

clauso.train=Belder.cgrass|[, 5]

# Fitting Random Forest on a binary response
rf.out.mul=randomForest (as.factor (clauso.train)~.,data =Belder.cgrass, trees = 5000,
importance = T)

# Importance

importance (rf.out.mul)

varImpPlot (rf.out.mul)

VariablesImpl = data.frame (rf.out.mul$importancel,3])
VariablesImp2 = append(VariablesImp2, VariablesImpl)
} # Next

Todos = data.frame (VariablesImp2)

TodosSuma = apply (Todos, 1, sum)
TodosSuma = data.frame (TodosSuma)
cbind(colnames (Teton.cover[,3:20]), TodosSuma)

## Most important variables = NDSAVI + Elevation

# Fitting a SVM
# First the regularization to obtain best gamma and Cost

# The SVM is tuned

svm.tune = tune.svm(as.factor (clauso.train)~ndsavi+demft,data =Belder.cgrass,
sampling ="cross",gamma = 2" (-5:1), cost=2"(-1:2))

best.gamma = svm.tuneS$Sbest.parameters$gamma

best.cost = svm.tuneSbest.parameters$cost

best.gamma
best.cost
# Best Gamma = 0.4 and Cost = 1.0

# The SVM is fitted
# Fit the SVM Model using a binary response with the optimized values of Gamma and Cost
sv.out.mul=svm(as.factor (cgrass)~ndsavi+demft,data =Belder.cgrass,

gamma = 0.4, cost = 1.0)

# Obtaining a SVM classification plot to assess distribution of Support Vectors
plot (sv.out.mul,Belder.cgrass,ndsavi~demft, svSymbol = 1, dataSymbol = 6,
color.palette = terrain.colors,grid = 100)

# Opening the SVM model object
sv.out.mul

# Using Yalmpute to generate a map of the classification
# First the namelist tells YalImpute about the ASCII grid files: They MUST MATCH the
variable names used in the training dataset

namelist <- list("ndsavi.asc","demft.asc")

# Names of variables used in the SVM modeling
names (namelist) <- c("ndsavi","demft")

# Name of the output file or GRID to be created with the classification results, it is a
text file
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outfiles=1list (predict="CgrassSVM 1996.txt")

# Defining the SVM object to extract the model for classification and the type of
response to be generated
AsciiGridPredict (sv.out.mul,xfiles=namelist,outfiles =outfiles, type ="class")

# Process is similar for years 2001 and 2007 with the exception that a training and a
validations sub datasets are create prior to
# Optimization of Gamma and Cost and Fitting of the SVM

FHEHHH AR AR S Year 2001 #f##fHHHHAAHHARAARSESSSS

#Read the Data

Belder.cgrass=read.csv ("/Users/alex hernandez/Desktop/ModelingCG/Y2001/cgrass2001.txt", he
ader=T)

# Dividing the data set into training and testing (validation) sub datasets
n=nrow (Belder.cgrass)
fifth=round(n/5)

reorder = sample(l:n,replace=FALSE)

test.cover Belder.cgrass[reorder[l:fifth],] # 20% of the data
train.cover = Teton.cover[reorder[ (fifth+1):n],] # 80% of the data

#The SVM is fitted only on the Training data in this case 80%

#Fit the SVM Model using a binary response

sv.out.mul2=svm(as.factor (cgrass)~ndsavi+demft,data=train.cover,
gamma = 0.45, cost = 1.5)

sv.out.mul2

# Predicting on the training data: 80% data

# Confusion Matrix

pred.sv.train2=predict (sv.out.mul2, train.cover)
table (pred.sv.train2, train.coverS$Scgrass)

# Calculating the error rate
errate.sv.train2=mean (pred.sv.train2!=train.cover$cgrass)
errate.sv.train2

# Predicting on the test data: 20%

# Confusion Matrix

pred.sv.test2=predict (sv.out.mul2, test.cover)

table (pred.sv.test2, test.cover$Scgrass)
errate.sv.test2=mean (pred.sv.test2!=test.cover$cgrass)
errate.sv.test2

FHAH AR Year 2007 #####44SHHHHH R HHHFESAS

#Read the Data

Belder.cgrass=read.csv ("/Users/alex hernandez/Desktop/ModelingCG/Y2007/cgrass2007.txt", he
ader=T)

Belder.cgrass2<-subset (Belder.cgrass, source == "TNCFSEASON")

Belder.cgrass3<-subset (Belder.cgrass, source == "ALEXFSEASON")

# The SVM is tuned

svm.tune = tune.svm(as.factor (cgrass)~ndsavit+demft,data=Belder.cgrass3,
sampling ="cross",gamma = 2" (-5:1), cost=2"(-2:3))

best.gamma = svm.tuneS$best.parameters$gamma

best.cost = svm.tune$best.parametersS$cost

best.gamma
best.cost

# Best values of Gamma = 0.5 and Cost 1.5

#The SVM is fitted only on the Training data in this case is the Alex's Points
#Fit the SVM Model using a multiple response
sv.out.mull=svm(as.factor (cgrass)~ndsavi+demft,data=Belder.cgrass3,

gamma = 0.5, cost = 1.5,probability = TRUE)
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# Predicting on the training data: Alex

# Confusion Matrix

pred.sv.train=predict (sv.out.mull, Belder.cgrass3,probability = TRUE)
table (pred.sv.train,Belder.cgrass3$cgrass)

# Calculating the Error rate
errate.sv.train=mean (pred.sv.train!=Belder.cgrass3$cgrass)
errate.sv.train

# Predicting on the test data: TNC

# Confusion Matrix

pred.sv.test=predict (sv.out.mull, Belder.cgrass2, probability = TRUE)
table (pred.sv.test,Belder.cgrass2$cgrass)

# Estimating the Error rate
errate.sv.test=mean (pred.sv.test!=Belder.cgrass2$cgrass)
errate.sv.test

# The process of generating the map is similar to the 1996 Year usage of YaImpute

# Must use the SVM classification object that was obtained for each year, and tell R
where the ASCII Grid files are located in disk, Must Match the names of the variables
used for model fitting
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####### Sample R code to run Multivariate Regression Trees - Chapter 3

###### Loading required libraries

library (mvpart)

library (foreign)

library (MASS)

library(yaImpute)

## Read the data

Belder.cfv0l<-

read.csv ("/Users/alex hernandez/Desktop/modelingcfv/y2001/cfv200lgap.txt", header=T)

#44444 Testing Multivariate Regression Trees #######4

#4444 ## 44444 Dividing the database in training % and test %

n=nrow (Belder.cfv0l)

fifth=round(n/5)

reorder = sample(l:n,replace=FALSE)

Belder.cfv0l 4 = Belder.cfvOl[reorder[l:fifth],] # Test subset
Belder.cfv0l 5 = Belder.cfv0Ol[reorder[ (fifth+1l):n],] # Training subset

#### Fitting a multivariate regression tree ####

###4## First on the training

##### The multivariate response are indicated in the data.matrix (object[,4:7] syntax
below, meaning that four response variables will

##### be modeled simultaneously

belder.svmpart<-mvpart (data.matrix (Belder.cfv0l 5[,4:7]) ~

bgw0lb 182+bgwllg 182+bgwlOlw 182+bgw0lb 278+bgw0lg 278+bgwllw 278+ndsavi+saviOl 182+tmOlr
ed 182+tm0lmirl 278+tmOlmir2 182,data=Belder.cfv0l 5, xv="pick",xvmult=500,use.n=TRUE,all=
TRUE, text.add=TRUE)

###4## Predicting on the 20%
ttcl00<-predict (belder.svmpart,Belder.cfv0l 4)

##### Validation (TREES, SHRUBS, GRASSES, BAREGROUND) (Measured vs Predicted)

ttcl0l<-

cbind(Belder.cfv0l 4[,4],ttcl00([,1],Belder.cfv0l 4[,5],ttcl00[,2],Belder.cfv0l 4[,6],ttcl
00[,3],Belder.cfv0l 4[,7],ttcl00[,4])

ttcl02<-

c("trees field","trees pred","shrubs field","shrubs pred","grasses field","grasses pred",
"bground field","bground pred")

colnames (ttcl01l)<-ttcl02

ttclOl

# Scatter plot to assess predicted vs. observed values

plot (ttcl01[,1],ttcl01[,2],main="MRTS-Trees 2001",xlab="0Observed", ylab="Predicted") #
TREES

plot (ttcl01[,3],ttcl01[,4],main="MRTS-Shrubs 2001",xlab="0Observed",ylab="Predicted") #
SHRUBS

plot (ttcl01[,5],ttcl01l[,6],main="MRTS-Grasses 2001",xlab="Observed",ylab="Predicted") #
GRASSES

plot (ttclO01[,7],ttcl01l[,8],main="MRTS-Bareground 2001", xlab="0Observed", ylab="Predicted")
# BARE GROUND

# Correlation coefficients
cor (ttclO1[,1],ttcl01[,2],method="pearson") #Shrubs

]
cor (ttclO01[,3],ttcl01[,4],method="pearson") #Shrubs
cor (ttclO1l[,5],ttcl01[,6],method="pearson") #Grasses
cor (ttclO1l[,7],ttcl01[,8],method="pearson") #Bground

#### Now code to extract the model and produce a map (continuous surface)

### Using yalImpute
### First we defined "myPred" function that will extract predictions from the
multivariate mean response

myPred = function (obj,newdata) # Obj is our Object (fitted model above, newdata is the
data set used to fit the object above)
{

x=predict (obj, newdata)

x[,1] # Here "1" is the predicted response for trees, then we change to "2" to get
shrubs, "3" to get grasses, and "4" to get bare ground

}
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myPred (belder.svmpart, Belder.cfv0l 5)

## Setting yaImpute

## First the names of the ASCII files that represent our independent geospatial variables
to be used for prediction (MUST match the names used during model fitting)

namelist <-

list ("bgwOlb_182.asc","bgwOlg 182.asc","bgwlOlw_182.asc","bgwOlb 278.asc","bgwlOlg 278.asc"
,"bgwOlw _278.asc","ndsavi.asc","saviOl 182.asc","tmOlred 182.asc","tm0lmirl 278.asc","tm0
Imir2 182.asc")

names (namelist) <-
c("bgw0lb 182","bgwOlg 182","bgwlOlw 182", "bgw0lb 278", "bgwOlg 278", "bgwOlw 278", "ndsavi",
"saviOl 182","tmOlred 182","tmOlmirl 278", "tm0lmir2 182")

# We defined the name of the output map (one per CVF)
outfiles=list (predict="mvpart trees y2001 .txt")

# Finally run the AsciiGridPredict function to get the map

## Need to define the svmpart object, the name list, the name of the output file, and the
prediction function

AsciiGridPredict (belder.svmpart,xfiles=namelist,outfiles =outfiles, myPredFunc=myPred)

FHA A A A A R
FHE A A R R
#4##4##4## Sample R code to run Random Forests

###4##4# Loading required libraries

library (randomForest)

## Here we have to fit models for each VCF

## First for Shrubs

FHAHE A A R R R R R
FH4 444444 SHRUBS ##4# #4444 4444444444444 4444444444444 4444444444444 44444

RF.out.shrub<-
randomForest (sh07~swrgap+savi07 183+tm07red 183+ndsavi+tm07mirl 263+bgw07g 183+bgw07b 263
+tm07mir2 183,data=Belder.cfv07 5, trees =5000)

###4# Now we can predict on the validation subset

ttcl7<-predict (RF.out.shrub, Belder.cfv07 4)

nombres.shrubs<-c("shrubs field","shrubs pred")
field.shrubs.pred<-cbind(Belder.cfv07 4$sh07, ttcl7)

colnames (field.shrubs.pred)<-nombres.shrubs

#field.shrubs.pred

plot (field.shrubs.pred[,1],field.shrubs.pred[,2])#,x1lim=c(0,60))# A scatter plot to check
how good the fit is between observed and predicted values

## Now the yalImpute to produce a map (continuous response for shrubs)

## We do not need to redefine the independent geospatial variables again because it had
been done above

outfiles=list (predict="CVFShrubs RFreg 2007.txt")

AsciiGridPredict (RF.out.shrub,xfiles=namelist,outfiles =outfiles, type="response")

FH A A R R R R
#H4HH### 444 HERBACEOUS #####4#####44##H##44HHHH#HHHHHHH#HHHHHHHHHHHHHHHHHHHAHHHHHHHERHHHSE

RF.out.grasses<-
randomForest (gr07~swrgap+bgw07b 183+bgw07g 183+bgw07w_183+ndsavit+bgw07b 263+bgw07g 263+bg
w07w_263,data=Belder.cfv07 5,trees =5000)

#### Now we can predict on the validation subset

ttcl9<-predict (RF.out.grasses, Belder.cfv07 4)

nombres.grasses<-c("grasses field","grasses pred")
field.grasses.pred<-cbind(Belder.cfv07_4$gr07, ttcl9)

colnames (field.grasses.pred) <-nombres.grasses

#field.grasses.pred
plot(field.grasses.pred[,1],field.grasses.pred[,2],xlim=c(0,60),ylim=c(10,45)) A scatter
plot to check how good the fit is between observed and predicted values

## Now the yaImpute to produce a map (continuous response for herbaceous)
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## We do not need to redefine the independent geospatial variables again because it had
been done above

outfiles=1list (predict="CVFGrasses RFreg 2007.txt")
AsciiGridPredict (RF.out.grasses,xfiles=namelist,outfiles =outfiles, type="response")

idddssasissssasiidssasiiissasiisasiisssasiiissaiiisaaiiiisaaiiiissaiiiissatiissntidi
#HE# A4 4HH BARE GROUND ############HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH IS4 44

RF.out.bground<-randomForest (bg07~bgw07b 183+bgw07g_183,data=Belder.cfv07_5,trees =5000)

#### Now we can predict on the validation subset

ttc2l<-predict (RF.out.bground, Belder.cfv07 4)
nombres.bground<-c ("bground field", "bground pred")
field.bground.pred<-cbind(Belder.cfv07 4Sbg07, ttc2l)

colnames (field.bground.pred) <-nombres.bground

#field.bground.pred

plot (field.bground.pred[,1], field.bground.pred[,2]) #xlim=c(0,60),ylim=c(10,45)) #A
scatter plot to check how good the fit is between observed and predicted values

## Now the yalImpute to produce a map (continuous response for bare ground)
## We do not need to redefine the independent geospatial variables again because it had
been done above

outfiles=1list (predict="CVFBground RFreg 2007.txt")
AsciiGridPredict (RF.out.bground, xfiles=namelist,outfiles =outfiles, type="response")

FHEFHFH AR R R R R R R R R R R R R R R
FhEFHF RS TREES ### #4444 #4444 HH 444 FHHHHEHFHHHEEHF R A A HH R A A HH R A H R4S

## Read the data

Belder.cfvtrees<-

read.csv (" /Users/alex hernandez/Desktop/modelingcfv/y2001/cvftrees200lgap.txt", header=T)
Belder.cfvtrees<-subset (Belder.cfvtrees, trees > 0)

#4#4 44444444 Dividing the database in training and test
n=nrow (Belder.cfvtrees)
fifth=round(n/5)

reorder = sample(l:n,replace=FALSE)
Belder.cfv0l 4 = Belder.cfvtrees|[reorder[l:fifth],] # Validation subset
Belder.cfv0l 5 = Belder.cfvtrees|[reorder[(fifth+1l):n],] # Training subset

###4# Now we can predict on the validation subset

ttcl5<-predict (RF.out.trees, Belder.cfv0l 4)

nombres.trees<-c("trees field","trees pred")
field.trees.pred<-cbind(Belder.cfv0l 4Strees, ttcl5)

colnames (field.trees.pred)<-nombres.trees

field.trees.pred

plot (field.trees.pred[,1],field.trees.pred[,2],main="RF Trees

2001",xlab="0Observed", ylab="Predicted") #xlim=c(0,60),ylim=c(10,45))#A scatter plot to
check how good the fit is between observed and predicted values

## Now the yalImpute to produce a map (continuous response for trees)
## We do not need to redefine the independent geospatial variables again because it had
been done above

outfiles=list (predict="CVFTrees RFreg 2007.txt")
AsciiGridPredict (RF.out.trees,xfiles=namelist,outfiles =outfiles, type="response")
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##### Sample R Code for Similarity Index - Chapter 4

## Code to generate Mean-Variance Plots
## Load Dataset containing the benchmarks points with SAVI for 25 years (1984 - 2008)

data.fieldl<-

read.csv ('/users/alex hernandez/desktop/modelingeco/ecositesmod/d28d25 y20071lha nodupli3.
csv',header=T)

## Taking care of Unknown values

data.field2<-unknownToNA (x=data.fieldl, unknown=-9999)

data.field2<-unknownToNA (x=data.field2, unknown=-1000)

data.field2<-unknownToNA (x=data.field2, unknown=1000)

data.field2<-unknownToNA (x=data.field2, unknown=255)
data.field2<-data.field2[complete.cases (data.field2),]# Removing NA cases

# Rearranging the data set: Keeping CODEF and PLOT identifiers and the reshaping Years
sequentially in a column
# By Variable

savi<-data.field2[,c(l,seq(8,60,by=2))]

savil<-

reshape (savi,v.names="SAVI",idvar="codef",varying=1list (2:28),direction="1long", timevar="Ye
ar",times=seq(1984,2010,by=1))

savi.sd<-data.field2[,c(l,seq(9,61,by=2))]

savil.sd<-

reshape (savi.sd, v.names="SAVISD", idvar="codef",varying=1list (2:28),direction="1long", timeva
r="Year",times=seq(1984,2010,by=1))

data.field3<-cbind(savil,savil.sd[,3])
colnames (data.field3)<-c ("codef","Year","Savi", "SavisSD")

# Order the data frame by plot and year
data.field3=data.field3[order (data.field3Scodef,data.field3$Year), ]

# make sure Year is numeric
data.field3$Year = as.numeric (as.character (data.field3$Year))

# Extracting some plots of interest

D5087 = subset (data.field3,codef==5087) # A benchmark with "good health" characteristics
plot (D5087$Savi, D5087$SaviSD,pch=15,xlab="Interannual Mean Greenness",ylab="Interannual
Variance Greenness",x1lim=c(0.13,0.40),ylim=c(0.01,0.10))

D5081 = subset(data.field3,codef==5081) # A benchmark with Cheatgrass characteristics
points (D5081%$Savi, D5081$SaviSD,pch=21)

D5046 = subset (data.field3,codef==5046) # A benchmark with Encroachment characteristics
points (D5046$Savi, D5046$SaviSD,pch=17)

legend ("topleft", c("TS-24 : No CG / No PJ","TS-13 : CG","TS-06 : PJ"),pch=c(15,21,17))

## Code for the MDS solutions
# Loading required libraries
library (gdata)

library(rgl)

library (MASS)
library(foreign)

## Load Data: This data does not contain descriptive attributes per SMU

ecositesl<-

read.csv('/users/alex hernandez/desktop/modelingeco/ecositesmod/d28d25 y20071lha nodupli3.
csv',header=T)

head (ecositesl)

dim(ecositesl)

## Taking care of Unknown values = -9999, -1000, 1000, and 255 are categorized as Unknown
## Must be deleted because the algorithm for MDS cannot handle missing values
ecosites2<-unknownToNA (x=ecositesl, unknown=-9999)

ecosites2<-unknownToNA (x=ecosites2, unknown=-1000)

ecosites2<-unknownToNA (x=ecosites2, unknown=1000)

ecosites2<-unknownToNA (x=ecosites2, unknown=255)
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dim(ecosites2) # Dimensions should be identical to ecositesl
names (ecosites?2)
ecosites2<-ecosites2[complete.cases (ecosites2),]# A vector that tells us which records
are not NA / missing Removing NA cases
dim(ecosites?)
names (ecosites?2)

# Loading the descriptive attributes per SMU

SMUatt<-

read.csv ('/users/alex hernandez/desktop/modelingeco/ecositesmod/D28withstm add.csv', heade
r=T)

dim (SMUatt)

# Loading the descriptive attributes of Y2007 Benchmarks with known problems of
Cheatgrass and Woodland Encroachment

Y2007att<-

read.csv ('/users/alex hernandez/desktop/modelingeco/ecositesmod/Y2007cgpj add.csv',header
=T)

dim(Y2007att)

# A dataset with only the SMU WITH descriptive attributes is obtained
ecositesSMU<-merge (SMUatt,ecosites2,by.x="codef",by.y="codef")
dim(ecositesSMU)

# A dataset with only the Y2007 field points WITH descriptive attributes is obtained
ecositesY2007<-merge (Y2007att,ecosites?2,by.x="codef",by.y="codef")
dim(ecositesY2007)

# a vector of the ECOSITE's names + PLOTS names
econamespolys<-as.vector (ecositesSMUSshapeid)
plotsnames<-as.vector (ecositesY2007$PLOT)
nombres.filas<-c(econamespolys,plotsnames)

#H4H4HH4HHHE MDS Years 1984 - 1996 #####4##44H4HHHHH#HHFHHEHHASSSEES

FHA AR R R R R

### First must generate a data set to calculate ecological distance

## Independent variables go up to 1996

# First extract only those polygons from ecosites with STM and field points
ecosites8496<~
ecosites2[c(c(1:312),c(800:862)),c(c(8:33),seq(70,85,by=2),seq(110,125,by=2),seq (150,165,
by=2),seq(190,205,by=2)) ]

# Then assign the name of the polygon and name of the field plot to each record
row.names (ecosites8496)<-nombres.filas[c(c(1:312),c(800:862))]

#H####4# Starting a MDS ###

### First must generate a data set to calculate ecological distance
####### Distances between SMU and benchmarks is obtained
ecosites8496.dist<-dist (scale(ecosites8496),method="manhattan")

## How many dimensions to use?
## Using Kruskal Procedure

ecosites8496.mdsl<-isoMDS (ecosites8496.dist, k=1)
ecosites8496.mds2<-isoMDS (ecosites8496.dist, k=2)
ecosites8496.mds3<-isoMDS (ecosites8496.dist, k=3)
ecosites8496.mds4<-isoMDS (ecosites8496.dist, k=4)
ecosites8496.mds5<-isoMDS (ecosites8496.dist, k=5)
ecosites8496.mds6<-isoMDS (ecosites8496.dist, k=6)
ecosites8496.mds7<-isoMDS (ecosites8496.dist, k=7)

stress.behavior<-
cbind(c(1:7),c(ecosites8496.mdslSstress,ecosites8496.mds2$stress,ecosites8496.mds3Sstress
,ecosites8496.mds4S$stress,ecosites8496.mds5S8stress,
ecosites8496.mds6S$Sstress,ecosites8496.mds7Sstress))

stress.behavior

### A scree plot to determine how many dimensions to use

plot (stress.behavior, type="b", ylab="Stress Value",xlab="Number of dimensions",main="MDS
Stress Minimization",col=1,pch=19,ylim=c (5,30)

### Two dimensions seems to work fine
### Now, a MDS with 2 dimensiones
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ecosites8496.mds<-cmdscale (ecosites8496.dist, k=2)

## Plotting SMU from Ecosites 215,221, 226 y 306 // For illustrative purposes and check
whether two ecosites are different in reduced statistical space
ecosites8496.mds.bsb<-ecosites8496.mds[c(c(38:110),c(211:220)),1
nom.ecosites<-as.factor (substr (rownames (ecosites8496.mds.bsb),1,9)) # To have different
colors for ecosites

nom.ecosites<-as.numeric (nom.ecosites)

nom.ecosites<-nom.ecosites + 19
nom.poligonos<-substr (rownames (ecosites8496.mds.bsb),10,14) # Assigning the SMU unique
identifier

temp215.221.226.306<-as.matrix (cbind(ecosites8496.mds.bsb,nom.ecosites,nom.poligonos)) #
A dataframe is created that includes MDS solutions, colors + SMU identifiers

# Un plot in B/W for the FOUR ecosites described above: PCoA 1 versus PCoA 2

plot (temp215.221.226.306[,1],temp215.221.226.306[,2],pch=unclass (as.numeric(temp215.221.2
26.306[,3])),cex=1.3,main="Big Sagebrush Sites - MDS 1984-1996",xlab="PCoA 1",yla="PCoA
2")

legend ("topleft", c("RO28AY215","R0O28AY221", "RO28AY226", "R028AY306"),
pch=c(20,21,22,23),cex=1.2)

# Extracting SMU with 60% components for cosines
temp215.221.226.306.dos<-temp215.221.226.306[c(2,35,36,56,57,69,70,71,72,73,74,75,76),]

# Un plot in B/W for the FOUR ecosites described above: PCoA 1 versus PCoA 2: only SMU
with 60% soil components

plot (temp215.221.226.306.dos[,1],temp215.221.226.306.dos[,2],pch=unclass (as.numeric (temp2
15.221.226.306.dos[,3])),cex=1.3,main="Big Sagebrush Sites - MDS 1984-1996",xlab="PCoA
1",yla="PCoA 2")

legend ("topleft™, c("R028AY215","R028AY221", "RO028AY226", "RO28AY306"),
pch=c(20,21,22,23),cex=1.2)

FHHHEHEHHAEE ANNIOS 1997 — 2008 #######4 4444444444444 444 H#HHHHHH4HS

FHEHHHH AR AR A R

### First must generate a data set to calculate ecological distance

## Independent variables go up to 2008

# First extract only those polygons from ecosites with STM and field points
ecosites9710<~
ecosites2[c(c(1:312),c(800:862)),c(c(34:61),seq(86,108,by=2),seq(126,148,by=2),seq (166,18
8,by=2),seq(206,228,by=2))]

# Then assign the name of the polygon and name of the field plot to each record

row.names (ecosites9710) <-nombres.filas[c(c(1:312),c(800:862))]

#####4# Starting a MDS ###

### First must generate a data set to calculate ecological distance

####4## Distances between SMU and benchmarks is obtained

ecosites9710.dist<-dist (scale(ecosites9710),method="manhattan")

## How many dimensions to use?

## Using Kruskal Procedure
ecosites9710.mdsl<-isoMDS (ecosites9710.dist, k=1)
ecosites9710.mds2<-isoMDS (ecosites9710.dist, k=2)
ecosites9710.mds3<-isoMDS (ecosites9710.dist, k=3)
ecosites9710.mds4<-isoMDS (ecosites9710.dist, k=4)
ecosites9710.mds5<-isoMDS (ecosites9710.dist, k=5)
ecosites9710.mds6<-isoMDS (ecosites9710.dist, k=6)
ecosites9710.mds7<-1isoMDS (ecosites9710.dist, k=7)

stress.behavior9710<-

cbind(c(1:7),c(ecosites9710.mdslS$stress,ecosites9710.mds2Sstress, ecosites9710.mds3Sstress
,ecosites9710.mds4S$stress,ecosites9710.mds5$stress,
ecosites9710.mds6S$stress,ecosites9710.mds7S$stress))

stress.behavior9710

### A scree plot to determine how many dimensions to use

plot (stress.behavior9710, type="b", ylab="Stress Value",xlab="Number of
dimensions",main="MDS Stress Minimization 1997-2010",col=3,pch=19)

### Two dimensions seems to work fine, Jjust like with 1984-1996
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EDUCATION
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* Remote sensing based rangeland monitoring protocol for Box Elder County, Utah (BLM)
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o GIS COMPONENT DIRECTOR (Sept 2004 — July 2005) at CINSA-TECNISA, Tegucigalpa,
Honduras. Environmental modeling and assessment to determine risk areas in 46 counties of
Honduras; land use planning in these counties. Hydrologic and hydraulic modeling; GIS modeling;
land use planning workshops. In charge of a team of 7 GIS technicians. Financed by the World Bank /
PMDN - Natural Disasters Mitigation Project.

o GIS SPECIALIST (Jan 2001 — Dec 2001) at JICA Mission / Pacific Consultants International PCI,
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o Database Assessment. MARENA-SERNA-IDB. Implementation of a hydro-meteorological database
systematization process in the MARENA (natural resources management in prioritized sub watersheds
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purposes. July thru September 2004.

o Hydrological modeling. ROCHE ITEE-IDB. Study on water yield estimation in the Tegucigalpa
(capital of Honduras) Municipality Sub watersheds by means of hydrological modeling. Water balance
and streamflow data were simulated and validated with the Soil and Water Assessment Tool (SWAT)
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o GIS Specialist. PBPR-WB. Co-Execution of land use planning studies in a municipalities association
(South of Honduras) counseled by the Rural Productivity and Forest Project PBPR. The spatial
database and developed tools were used for the establishment of a watershed authority institution.
March - June 2004.

o GIS Specialist. CTSAR. Implementation of digital terrain model DTM automatic extraction through
digital photogrammetry, hydrological and hydraulic modeling in the Aguan River Watershed
(Northeast of Honduras). Studies conducted for vulnerability and risk assessment in order to establish
early warning systems criteria. February - June 2004.

o GIS Specialist. CIAT-PESA-FAQ. Priority areas identification in the pacific region of Honduras.
Water balance, altitude, market accessibility and human development index HDI spatial analysis for
the recognition of best suitable areas for project implementation. June 2003.

o GIS Consultant. CIAT-IDB. Land use multitemporal dynamics in the Humuya River Watershed.
Generation of socioeconomic and biophysical indicators and decision making tools (part of an overall
consultancy adapted to appraise PROCUENCA’s (Program in charge of "El Cajon" watershed
management) activities impact on local economy and program economic profitability. Tegucigalpa and
Siguatepeque, Honduras. July — November 2000.
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Hernandez, A., R.D. Ramsey, and G. Moisen. 2011. A Landscape Similarity Index: Multi-temporal
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Hernandez, A., R.D. Ramsey. 2011. Monitoring Semi Arid Rangelands with Multi-temporal Vegetation
Continuous Fields: Multivariate Regression Trees vs. Random Forests. 20th Conference Utah Geographic
Information Council UGIC-2011. Logan, Utah. April 7. (Speaker)

Hernandez, A., R.D. Ramsey. 2010. Multitemporal dynamics of Cheatgrass extent and spread in Box
Elder County, Utah. 16™ Wildland Shrub Symposium: Threats to shrubland ecosystem integrity. Logan,
Utah. May 18 — 20. (Speaker)

Rivera, S., L. Shultz, A. Hernandez, and R.D. Ramsey. 2010. A GIS ordination approach to model the
distribution of shrub species in northern Utah. 16™ Wildland Shrub Symposium: Threats to shrubland
ecosystem integrity. Logan, Utah. May 18 — 20. (Co-Speaker)

Hernandez, A., R.D. Ramsey. 2009. Modeling Cheatgrass cover and probability of occurrence at the
Grand Teton National Park using MODIS NDVI, topographic and climatic layers. The annual meeting
association of American Geographers Great Plain Rocky Mountain Division. Logan, Utah. Sept 25 — 26.
(Speaker)

Hernandez, A., S. Rivera, J. Lowry, and R.D. Ramsey. 2009. Using RandomForest and Support Vector
Machines for land cover classification in Honduras: a national scale effort. Geospatial ’09: Healthy Forests
~ Healthy Lands ~ Healthy Earth. Snowbird, Utah. April 29. (Speaker)

Rivera, S., A. Hernandez, J. Lowry, and R.D. Ramsey. 2009. Establishing a national land cover-
monitoring center in Honduras using MODIS products and ancillary data. Geospatial *09: Healthy Forests
~ Healthy Lands ~ Healthy Earth. Snowbird, Utah. April 29. (Co-Speaker)

Hernandez, A., R.D. Ramsey. 2008. Predicting the occurrence of pine bark beetle outbreaks in Honduras
using logistic regression and remotely sensed data. Seminario Internacional Adaptacion al Cambio
Climatico: El rol de los servicios ecosistemicos. Turrialba, Costa Rica. November 3 — 7. (Poster)

Hernandez, A., R.D. Ramsey. 2008. Simulation of the effects of wildfires on water yield and water quality
in rangelands of northern Utah. America. American Society of Photogrammetry and Remote Sensing
Annual Conference. Portland, Oregon. April 28 - May 2. (Speaker)

Rivera, S., A. Hernandez, P. MartinezdeAnguita and R.D. Ramsey. 2008. Understanding the deforestation
process in the tropics through remote sensing analysis and GIS modeling of socioeconomic and biophysical
variables. American Society of Photogrammetry and Remote Sensing Annual Conference. Portland,
Oregon. April 28 - May 2. (Co-Speaker)

Hernandez, A., R.D. Ramsey. 2007. Vegetation Continuous Fields (VCF) for Two Counties of Northern
Utah Using LANDSAT Imagery and Ancillary Data. American Society of Photogrammetry and Remote
Sensing Annual Conference. Tampa, Florida, May 7-11. (Speaker)

Hernandez, A., S. Rivera, J. Lowry, and R.D. Ramsey. 2007. Predicting Flood Hazard Areas: a SWAT and
HEC-RAS Simulations Conducted in River Aguan Basin of Honduras, Central America. American Society
for Photogrammetry and Remote Sensing Annual Conference,Tampa, Florida, May 7-11. (Speaker)
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FORMAL TRAINING

O

O O

o O O O

Image classification techniques for the development of accurate, detailed, quantitative land-cover data.
ASPRS, April 28", 2008.

Digital Terrain Models—Algorithms and Mathematical Procedures. ASPRS, May 7th, 2007.

Looking above the terrain model: Lidar for vegetation assessment. ASPRS, May 7th, 2007.

Assessing the accuracy of GIS information created from remotely sensed data: principles and practices.
ASPRS, May 8th, 2007.

Ecological Site Workshop. Utah State University / NRCS. Sept. 5 — 8. 2006.

Usage of Leica Photogrammetry suite in Erdas Imagine. Utah State University. May 2006.

An introduction to the R language. USGS/Utah State University. March 2006.
ITC/COPECO/UNITEC. Tegucigalpa, Honduras. Natural disasters and Risk Management with GIS
emphasis. May, 2003.

AFE/COHDEFOR/DSE. Zschortau, Germany. Ecological Analysis and Forest Site Cartography as
Silvicultural Planning Base. June, 1998.

AFE/COHDEFOR/GLOBESAR 1I. Siguatepeque, Honduras. Basic Concepts on Radar Remote
Sensing Techniques. December, 1997.

PROCUENCA/ECOTEMA. Orotina, Costa Rica. Advance GIS applications using Arc/info ®. May,
1997.

AFE/COHDEFOR/PROFOR. Siguatepeque, Honduras. Satellite Imagery Processing using Erdas
Imagine ®. August, 1996.

AFE/COHDEFOR/Spehs GbM. Tegucigalpa, Honduras. Advance Geographic Information System
Course. June, 1996.

ACADEMIC HONORS /EDUCATIONAL HIGHLIGHTS

Utah State University - Ecology Center Research Support Funds - April 2011

2" Place Oral Presentation College of Natural Resources — Intermountain Graduate Research
Symposium. Graduate Student Senate, Utah State University. 2009.

Graduate Student Senate Enhancement Award for outstanding research and teaching experience at
Utah State University. 2008.

Organization of American States OAS Scholarphip to fund graduate studies. 2008. Was not accepted.
Research assistantship to conduct doctoral studies at the Wildland Department, College of Natural
Resources, Utah State University. 2005-2010.

CATIE, Turrialba, Costa Rica. DIPLOMMA OF HONOR. Best GPA in the Watershed Management
Master Program. Obtained the 2™ position out of 66 students enrolled in the 2002-2003 generation.
ASDI/FOCUENCAS. Tegucigalpa, Honduras. SCHOLARSHIP to attend M.Sc. studies in Turrialba,
Costa Rica. For outstanding academic background.

ESNACIFOR. DIPLOMMA OF HONOR AND MEDAL for outstanding academic achievement.
Forest Engineer.1999.

ROTARY INTERNATIONAL CLUB ACKNOWLEDGEMENT PLATE for academic achievement.
Forest Technician. 1995.

ESNACIFOR. DIPLOMMA OF HONOR AND GOLD MEDAL for outstanding academic
achievement. Forest Technician. 1995.

Treasurer of ESNACIFOR Student Association. 1995.

PUBLIC ACCOUNTANTS ASSOCIATION OF HONDURAS. DIPLOMMA OF HONOR AND
GOLD MEDAL for academic excellence and outstanding educational achievement. Public
Accountant. 1992.

President of “Instituto 18 de Noviembre” Student Association. 1990-1992.

CAPS/AFS/AID. Central America Peace Scholarship Program. SCHOLARSHIP to attend vocational
studies in computer operations, English and culture at: Northeast Metro Technical College, White Bear
Lake, Minnesota, USA. March — August 1989.
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