
PLS 206 Applied Multivariate Modeling in Agricultural and Environmental Sciences

• Distance
• Other dimension reduction approaches (briefly)

• Principal Coordinate Analysis (PCoA)
• Non-Metric Multidimensional Scaling (NMDS)
• UMAP: Uniform Manifold Approximation and Projection
• t-SNE: t-distributed stochastic neighbor embedding



Measuring 
distance between 
observations

https://towardsdatascience.com/9-distance-
measures-in-data-science-918109d069fa



Measuring 
distance between 
observations

https://towardsdatascience.com/9-distance-
measures-in-data-science-918109d069fa
https://hlab.stanford.edu/brian/euclidean_distance_i
n.html
https://www.youtube.com/watch?v=K6Eu0kRolmA
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Principal Coordinate Analyses (PCoA)

• Uses distance (dissimilarity) rather than correlation (similarity) to 
define new axes describing multivariate patterns of variation.

PCA and PCoA equal when using Euclidean distance (but note here that PC2 
is reverse sign, a reminder that  the sign of PCs are arbitrary)

PCA PCoA

PCoA (Manhattan)



Why use different measure of distance?

Binary data

Qualitative and Quantitative variables

Quantitative variables

Different measures of distance 
may be more appropriate 
depending on the kind of data, 
your question, and your field!







nMDS: “stress” (goodness of fit)



UMAP: Uniform Manifold Approximation and Projection

UMAP projection of human 
genetic relatedness

https://www.nature.com/articles/s41586-020-2308-7/figures/1

• UMAP tries to maintain clustering 
in multivariate data

• Deterministic (same result every 
time you run it)

• Sensitive to user set parameters 
(e.g. number of neighbors 
(n_neighbors))

• We can do in R with 
 Library(umap)
 iris_umap <- umap(iris)



UMAP: Uniform Manifold Approximation and Projection

Neighbors = 10 Neighbors = 20 Neighbors = 30

Results are different depending on the number of neighbors parameter



t-SNE (t-distributed stochastic neighbor 
embedding)

Eg. Modified National 
Institute of Standards and 
Technology database

Colors represent different handwritten numbers

https://en.wikipedia.org/wiki/MNIST_database
https://en.wikipedia.org/wiki/T-distributed_stochastic_neighbor_embedding

• Similar to UMAP
• Not deterministic (starts 

with random seed so 
results can change)

• Sensitive to user set 
parameters (e.g. 
perplexity)

• We can do in R with 
 Library(Rtsne)
 iris_tsne <- Rtsne (iris)



t-SNE (t-distributed stochastic neighbor 
embedding)

Same settings but different results due to non-determinacy of t-SNE Different results with different perplexity



Cell type 

Gene expression 
(30,000+ columns)

Cells
(100,000’s
 rows)

Data

https://www.nature.com/
articles/nbt.4314/figures/
1
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https://www.nature.com/
articles/nbt.4314/figures/
1



UMAP and t-SNE
• Usually used for very high 

dimension data
• Meaning of axes are not 

inherently informative 
about effects of individual 
variables

• In contrast, PCA returns 
loadings which inform 
about the effect of 
variables on axes



PCA vs UMAP vs t-SNE example

PCA UMAP t-SNE

Cassava dataset: points colored by Mean Annual Temperature
You will notice that UMAP and t-SNE are biased toward identify clusters



Caution!
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