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1 Introduction

The MODISTools R package is a set of tools for downloading and working with NASA’s MODIS
remotely-sensed data. The package retrieves data from the LP DAAC data archive, via their SOAP
web service. Functions download data as a batch process, and save subsets in text files that can be
returned to at a later date. Additional functions can provide summaries of this data and prepare the
data to a format ready for application in R; if you have other data that you wish to relate MODIS data
to, downloaded data can be appended to your original dataset. Other ancillary functions can help to get
input arguments into the correct format.

This vignette provides a worked example for using MODISTools. A dataset of time-series — lat-long
coordinates with start and end dates — to collect MODIS data for, will be used to show a complete
workflow for how someone might use MODISTools. We will prepare input information for a subset
request, download subsets of Enhanced Vegetation Index (EVI) and land cover data for the specified
locations, and process these data to analyse land processes at these locations. Note that you will need an
internet connection to run this worked example yourself, and that it will download files to your computer.

2 Format the data

We have some coordinates that we would like to extract MODIS data for. But the coordinates are not
in the correct format. We need to make sure the coordinates we input for our subset request are in the
WGS-1984 coordinate system, and are in decimal degrees format.



> data(ConvertExample)
> ConvertExample

lat long
1 51d24.106'N 0d38.018'W
2 51d24.922'N 0d38.772'W
3 51d24.106'N 0d38.664'W
4 51d24.772'N 0d38.043'W
5 51d24mb1.106sN 0d38m56.018sW
6 51d24m37.922sN 0d38m31.772sW
7 51d24m42.106sN 0d38m17.664sW
8 51d24m47.772sN 0d38m42.043sW

These coordinates are WGS-1984 coordinates, but they are not in decimal degrees. We can use
ConvertToDD to fix this.

> modis.subset <-

ConvertToDD (XY = ConvertExample, LatColName = "lat", LongColName = "long")
> modis.subset <- data.frame(lat = modis.subset[ ,1], long = modis.subset[ ,2])
> modis.subset

lat long
51.40177 -0.6336333
51.41537 -0.6462000
51.40177 -0.6444000
51.41287 -0.6340500
51.41420 -0.6488939
51.41053 -0.6421589
51.41170 -0.6382400
51.41327 -0.6450119
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What we also need to retrieve a time-series of MODIS data for these locations are dates. End dates for
the time-series, and preferably start dates too. If we don’t have start dates we can ask for a set number
of years for each location instead. Let’s retrieve data between 2003 and 2006. The dates can be specified
as years or in POSIXIt date-time class (see 7POSIX1t). In this case we can just use years.

> modis.subset$start.date <- rep(2003, nrow(modis.subset))
> modis.subset$end.date <- rep(2006, nrow(modis.subset))

That’s all we need! Let’s download our EVI data first.

3 Download the data

3.1 Specifying a subset request

The shortname code for the EVI product is “MOD13Q1”. We can check the codes for all the products
available using GetProducts, and we can find the shortname codes for all data bands within each product
using GetBands.

> GetProducts ()



[1] "MCD12Q1" "MCD12Q2" "MCD43A1" "MCD43A2" "MCD43A4" "MODOSA1"
[7] "MOD11A2" "MOD13Q1" "MOD15A2" "MOD15A2GFS" "MOD16A2" "MOD17A2_51"
[13] "MOD17A3" "MYDO9A1" "MYD11A2" "MYD13Q1" "MYD15A2"

> GetBands (Product = "MOD13Q1")

[1] "250m_16_days_blue_reflectance" "250m_16_days_MIR_reflectance"

[3] "250m_16_days_NIR_reflectance" "250m_16_days_pixel_reliability"

[6] "250m_16_days_red_reflectance" "250m_16_days_relative_azimuth_angle"
[7] "250m_16_days_sun_zenith_angle" "250m_16_days_view_zenith_angle"

[9] "250m_16_days_VI_Quality" "250m_16_days_NDVI"

[11] "250m_16_days_EVI" "250m_16_days_composite_day_of_the_year"

We will download EVI data at 250m pixel resolution, which is available at 16-day intervals. The shortname
code for this data band is 250m_16_days_ EVI. We will collect quality control data for these pixels too,
which is available from the 250m_16_days_pixel_ reliability band (and 250m_16_days_VI_Quality too).

We can check that the time-series of MODIS data we want is available for this data product by
retrieving the dates for all available time-steps.

> GetDates(Product = "MOD13Q1", Lat = modis.subset$lat[1], Long = modis.subset$long[1])

The time-period available for the Vegetation Indices product covers 2003-2006 (the maximum shown is
at the time this vignette was built), so we can proceed. When we download we also need to decide how
large we want the tiles of data for each location to be. We specify this by entering the distance (km)
above and below in each direction away from the central pixel, where the input coordinate is located, and
then doing the same for left and right. The input must be whole km (integers) for each direction. As
an example, if we specify Size=c(1,1) for this EVI data at 250m pixel resolution, it will retrieve a 9x9
pixel tile for each location, centred on the input coordinate. The tiles this size will be downloaded at the
locations for each time-step that falls between the start and end dates. Size=c(0,0) would specify only
the central pixel. The maximum size tile surrounding a location is Size=c(100,100).

3.2 MODISSubsets

The download will write the MODIS data to ASCII files for each location subset specified. We can specify
the directory that we would like to save downloaded files in, using the SaveDir argument below. In the
code below, downloaded files will be written to your working directory; if you would prefer the files to be
written elsewhere change SaveDir. But we will access these files later, so remember to request the files
from the same directory.

> MODISSubsets(LoadDat = modis.subset, Products = "MOD13Q1",
Bands = c("250m_16_days_EVI", "250m_16_days_pixel_reliability"),
Size = c¢(1,1))

Each ASCII file is a different subset location. In each ASCII file, each row is a different time-step in the
time-series. If multiple data bands have been downloaded for this subset, they will all be contained in
the same ASCII file for that subset.

Here is an example of the strings of data that are downloaded for pixels at each time-step and data
band:

> subset.string <- read.csv(list.files(pattern = ".asc")[1],
header = FALSE, as.is = TRUE)
> subset.stringl[1, ]



Vi v2 V3 va V5
1 9 9 -44941.33 5714499 231.6564

V6 V7 V8
1 MOD13Q1.A2006001.h17v03.005.2008063080924.250m_16_days_EVI MOD13Q1 A2006001
V9 Vio Vi1 Vvi2 Vi3 Vi4

1 Lat51.4017666666667Lon-0.633633333333333Samp9Line9 2.008063e+12 1066 1383 1187 1471
Vis Vvié Vi7 Vi8 V19 V20 V21 V22 V23 V24 V25 V26 V27 V28 V29 V30 V31

1 1470 1555 3785 3780 3780 1223 1576 1427 1312 1379 1485 1811 2116 3803 1822 1974 2287
V32 V33 V34 V35 V36 V37 V38 V39 V40 V41 V42 V43 V44 V45 V46 V47 V48

1 5805 2523 2535 2940 2992 3219 2079 2079 1902 3895 1130 1113 1696 3414 3662 1551 1684
V49 V50 V51 Vb2 V53 V64 VBE5 V66 V57 V68 V69 V60O V61 V62 V63 V64 V65 V66

1 2859 833 8135 6945 7766 1771 2279 7019 1684 796 732 732 7100 4858 1923 1330 1337 3966
ve7 Ve8 veg vro Vr1 Vvr2 Vv3 V74 Vvs5 Vre V77 V78 V79 V80 V81 V82 V83 V84

1 2254 3232 830 815 2389 1195 1238 1361 5062 3700 3872 2015 2341 3199 2838 1961 4660 5406
V85 V86 V87 V88 V89 VOO VIl

1 7879 2411 2015 2292 2658 2403 2552

A download log file will also be written, displaying all the unique subsets found in the dataset, and
confirmation of download success for each.

3.3 MODISTransects

Alternatively, we may want transects of MODIS data. This is easily done by specifying start and end
points for transects, with unique IDs for each transect and then calling MODISTransects instead of using
MODISSubsets. To try this out, use the example given in the MODISTransects help documentation.

4 Process the data

4.1 MODISSummaries

Now we have downloaded the EVI data, we can find average each pixel over time, to produce one tile
of mean EVI pixels at each subset location. We can use MODISSummaries for this. The function will
also take this processed data and append it to your original files containing all the subset information
(modis.subset). This will write two files to the specified directory. We downloaded quality control data
for each pixel alongside our EVI data, so MODISSummaries can also check for poor quality and missing
data. These data will be removed and replaced with NAs. The threshold for defining what is good and
poor quality is set by the user: the scores for highest quality is 0, and the score for lowest quality is 3 or
5, depending on the data band. To see how quality control information is defined for each data type, go
to the MODIS Products Table. We need to specify the range of valid data for EVI, the value that
denotes missing data, and the scale factor that is applied to the data, which are all available from the
same web page.

> MODISSummaries (LoadDat = modis.subset, Product = "MOD13Q1", Bands = "250m_16_days_EVI",
ValidRange = c(-2000,10000), NoDataFill = -3000, ScaleFactor = 0.0001,
(QualityScreen = TRUE, (ualityBand = "250m_16_days_pixel_reliability",
QualityThreshold = 0)

If you want to screen data for quality without all the other things that MODISSummaries does, you can
call the more general QualityCheck, which is an internal function for MODISSummaries.


https://daacweb-dev.ornl.gov/MODIS/MODIS-menu/products.html

4.2 ExtractTile

Also, if large subset tiles are downloaded for each location, there may be times when we want to extract
a smaller tile from within this subset, rather than downloading again to retrieve the nested data we want.
This can be done using ExtractTile. We will use the file just written from our call to MODISSummaries
retrieve the smaller subset we want, and arrange them into tiles to compare before and after.

> TileExample <- read.csv(list.files(pattern = "MODIS_Data'))
> TileExample <- TileExample[ ,which(grepl("250m_16_days_EVI", names(TileExample)))]

Pixels in a tile are on the same row. See that using ExtractTile takes away some of the columns.

> dim(TileExample)

[1] 8 81

> dim(ExtractTile(Data = TileExample, Rows = c¢(9,2), Cols = c(9,2), Grid = FALSE))
[1] 8 25

> head(ExtractTile(Data = TileExample, Rows = c(9,2), Cols = c(9,2), Grid = FALSE),

[,1] [,2] [,3] [,4] [,5] [,6] [,7] [,8]
[1,] 0.34808 0.3601286 0.3798867 0.34886 0.3157077 0.3784125 0.3962600 0.3721067
[2,] 0.36665 0.3696563 0.3846467 0.39262 0.3890600 0.4125750 0.3531937 0.3689800
[,9] [,10] [,11] [,12] [,13] [,14] [,15] [,16]
[1,] 0.3592600 0.3684769 0.3966875 0.4037375 0.3333667 0.3288733 0.3995214 0.3910812
[2,] 0.3795267 0.3805733 0.4004187 0.3279187 0.3754667 0.3841467 0.3845067 0.4102875
[,17] [,18] [,19] [,20] [,21] [,22] [,23] [,24]
[1,] 0.4194937 0.3550200 0.3577067 0.4229857 0.4921187 0.4877563 0.4000600 0.4009467
[2,] 0.3817437 0.3911188 0.3988533 0.3672067 0.4136813 0.4338375 0.4130875 0.3702067
[,25]
[1,]1 0.4261714
[2,] 0.3602267

We can look at the first subset and arrange the pixels into a tile to visually show what ExtractTile has
done.

> matrix(TileExample[1, ], nrow = 9, ncol = 9, byrow = TRUE)

[,1] [,2] [,3] [,4] [,5] [,6] [,7] [,8]

[1,] 0.39936 0.37724 0.34072 0.3713187 0.404575 0.4068562 0.3873687 0.3559062
[2,] 0.3694857 0.3661071 0.3299667 0.34665 0.3889813 0.38135 0.4131938 0.5142937
[3,] 0.34075 0.35045 0.34808 0.3784125 0.3966875 0.3910812 0.4921187 0.5456688
[4,] 0.3354643 0.3368714 0.3601286 0.39626  0.4037375 0.4194937 0.4877563 0.5037

[5,] 0.3274429 0.3464643 0.3798867 0.3721067 0.3333667 0.35502 0.40006 0.4358333
[6,] 0.3272071 0.3182071 0.34886 0.35926 0.3288733 0.3577067 0.4009467 0.3798071
[7,] 0.3645615 0.3150385 0.3157077 0.3684769 0.3995214 0.4229857 0.4261714 0.3797

[8,1 0.3977 0.3461615 0.35395638 0.4006846 0.3868846 0.3786846 0.3563231 0.3413538
[9,] 0.3577429 0.3588857 0.3256571 0.3140786 0.3150385 0.2875462 0.2839385 0.3077077



[,9]

[1,] 0.3469733
[2,] 0.4497133
[3,] 0.4699133
[4,] 0.4109333
[5,]1 0.42526

[6,]1 0.3644786
[7,] 0.3590143
[8,]1 0.3450857
[9,] 0.3539286

> ExtractTile(Data = TileExample, Rows = c(9,2), Cols

(1,]
[2,]
(3,]
[4,]
(5,]

[,1]
0.3480800
0.3601286
0.3798867
0.3488600
0.3157077

[,2]
0.3784125
0.3962600
0.3721067
0.3592600
0.3684769

[,3]
0.3966875
0.4037375
0.3333667
0.3288733
0.3995214

[,4]
0.3910812
0.4194937
0.3550200
0.3577067
0.4229857

[,5]
0.4921187
0.4877563
0.4000600
0.4009467
0.4261714

c(9,2), Grid = TRUE)[ ,

Arrangement of the pixels into tiles this way can be optionally set with a call to ExtractTile. The order
for the strings of pixel data in the downloaded ASCII files is by row, so matrix(..., byrow=TRUE) can
arrange the pixels correctly (see above).

4.3 LandCover

Let’s do the same as above but download data on land cover classes for the same subsets.

> dir.create('./LandCover"')

> setwd('./LandCover"')

> MODISSubsets(LoadDat = modis.subset, Product = "MCD12Q1", Bands = "Land_Cover_Type_1",
Size = c¢(1,1))

We can use LandCover to retrieve some summaries of land cover in each tile. This will tell us the most
common land cover type, the total number of distinct land cover types, and Simpson’s D and evenness
measures to express landscape diversity and heterogeneity in these tiles. Let’s retrieve these summaries
from the land cover subset files we just downloaded.

> LandCover (Band = "Land_Cover_Type_1")
> land.summary <- read.csv(list.files(pattern = "MODIS_Land_Cover_Summary"))
> head(land.summary)

lat long date modis.band most.common richness
51.40177 -0.6336333 2006-01-01 Land_Cover_Type_1 Deciduous Needleleaf forest
51.40177 -0.6444000 2006-01-01 Land_Cover_Type_1 Deciduous Needleleaf forest
51.41053 -0.6421589 2006-01-01 Land_Cover_Type_1 Evergreen Broadleaf forest
51.41170 -0.6382400 2006-01-01 Land_Cover_Type_1 Evergreen Broadleaf forest
51.41287 -0.6340500 2006-01-01 Land_Cover_Type_1 Evergreen Needleleaf forest
51.41327 -0.6450119 2006-01-01 Land_Cover_Type_1 Evergreen Broadleaf forest
simpsons.d simpsons.evenness no.data.fill
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.880184
.659574
.853881
.450980
.843658
.306273

O O O O O O

.9600614
.6648936
.7134703
.6127451
.6145526
.5765683

0%
0%
0%
0%
0%
0%

(0/25)
(0/25)
(0/25)
(0/25)
(0/25)
(0/25)
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