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1 Normalized Difference Vegetation Index (NDVI)
The Normalized Difference Vegetation Index (NDVI) is a simple graphical indicator that can be used to
analyze remote sensing measurements, typically but not necessarily from a space platform, and assess
whether the target being observed contains live green vegetation or not. The NDVI is calculated from these
individual measurements as follows:

Where, VIS and NIR stand for the spectral reflectance measurements acquired in the visible (red) and nearinfrared regions, respectively

Figure 1: Global NDVI Map

Negative values of NDVI (values approaching -1) correspond to water. Values close to zero (-0.1 to 0.1)
generally correspond to barren areas of rock, sand, or snow. Lastly, low, positive values represent shrub
and grassland (approximately 0.2 to 0.4), while high values indicate temperate and tropical rainforests
(values approaching 1)
NDVI is especially useful for continental to global-scale vegetation monitoring because it can compensate
for changing illumination conditions, surface slope, and viewing angle. That said, NDVI does tend to saturate
over dense vegetation and is sensitive to underlying soil color. Because of its ease of use and relationship
to many ecosystem parameters, NDVI has seen widespread use in rangeland ecosystems. The uses include
assessing or monitoring:







vegetation dynamics or plant phenological changes over time
biomass production
grazing impacts or attributes related to grazing management (e.g., stocking rates)
changes in rangeland condition
vegetation or land cover classification
carbon sequestration or CO2 flux
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2 Leaf Area Index
Leaf Area Index (LAI) is a dimensionless quantity that characterizes plant canopies. It is defined as the onesided green leaf area per unit ground surface area (LAI = leaf area / ground area, m2 / m2) in broadleaf
canopies. In conifers, three different definitions for LAI have been used:




Half of the total needle surface area per unit ground surface area
Projected (or one-sided, in accordance the definition for broadleaf canopies) needle area per unit
ground area
Total needle surface area per unit ground area
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3 Surface Temperature using Infrared Thermometer
Infrared thermometers measure temperature from a distance. Infrared thermometers work based on a
phenomenon called black body radiation. Anything at a temperature above absolute zero has molecules
inside of it moving around. The higher the temperature, the faster the molecules move. As they move, the
molecules emit infrared radiation--a type of electromagnetic radiation below the visible spectrum of light.
As they get hotter, they emit more infrared, and even start to emit visible light. That is why heated metal
can glow red or even white. Infrared thermometers detect and measure this radiation.
How Infrared Thermometers Work?
Infrared light works like visible light--it can be focused, reflected or absorbed. Infrared thermometers usually
use a lens to focus infrared light from one object onto a detector called a thermopile. The thermopile absorbs
the infrared radiation and turns it into heat. The more infrared energy, the hotter the thermopile gets. This
heat is turned into electricity. The electricity is sent to a detector, which uses it to determine the temperature
of whatever the thermometer is pointed at. The more electricity, the hotter the object is.

Figure 2: Infrared Region in Electromagnetic Spectrum

Figure 3: Distance-to-spot ratio for measuring temperature using thermal gun
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4 Soil Moisture Measurement Using L-Band Radiometer
Soil moisture is an important variable in land surface hydrology. Soil moisture has very important implications
for agriculture, ecology, wildlife, and public health and is probably (after precipitation) the most important
connection between the hydrological cycle and life—animal, plant, and human.
Land surface hydrology is a well-studied portion of the terrestrial water cycle. The main variables in landsurface hydrology are soil moisture, surface temperature, vegetation, precipitation, and stream-flow. Of
these, surface temperature, vegetation, and precipitation are currently observed using satellites, and streamflow is routinely observed at in situ watershed locations. Soil moisture remains the only variable not observed
(or observed very sparsely) either in situ or via remote sensing. Due to this very reason, in the past decade,
satellite soil moisture has been increasingly used in hydrological, agricultural, and ecological studies due to
its spatial coverage, temporal continuity, and (now) easiness of use.
NASA currently is working on a new mission to launch a satellite to exclusively measure soil moisture amount
in global scale. This mission is called Soil Moisture Active and Passive (SMAP). SMAP will provide global
measurements of soil moisture and its freeze/thaw state. These measurements will be used to enhance
understanding of processes that link the water, energy and carbon cycles, and to extend the capabilities of
weather and climate prediction models. SMAP data will also be used to quantify net carbon flux in boreal
landscapes and to develop improved flood prediction and drought monitoring capabilities. The SMAP
instrument includes a radiometer and a synthetic aperture radar operating at L-band (1.20-1.41 GHz). The
instrument is designed to make coincident measurements of surface emission and backscatter, with the ability
to sense the soil conditions through moderate vegetation cover. The instrument measurements will be analyzed
to yield estimates of soil moisture and freeze/thaw state.
A soil moisture observation network approved by NASA as a core validation site for the SMAP mission is
deployed in the region of Millbrook, NY. It includes an L band (1.45 GHz) dual polarization radiometer that
is part of the CREST Microwave Observation Unit. The study site serves as a calibration/validation site for
the NASA SMAP mission.
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Figure 4: Soil Moisture Active and Passive (SMAP) satellite (http://smap.jpl.nasa.gov/mission)

Figure 5: NOAA-CREST L-Band radiometer for soil moisture measurements (http://crest.ccny.cuny.edu/facilities)
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5 Weather Station
Weather is state of the atmosphere at a given point, while climate is the long-term behavior of the
atmosphere at any region. Therefore, to understand and to forecast the weather and also to monitor the
climate, long-term weather data needs to be collected.
In addition to temperature and precipitation data, a diverse array of solar radiation data as well as relative
humidity, wind speed and direction at 10 meters height and atmospheric pressure need to be collected.
Weather is driven by air pressure (temperature and moisture) differences between one place and another.
These pressure and temperature differences can occur due to the sun angle at any particular spot, which
varies by latitude from the tropics.
Weather experts use computer technology and data from stations and satellites all over the world to predict
the weather. By carefully monitoring weather conditions it is possible to predict when change is due - what
we know as weather forecasting.
The Cary Institute maintains a fully outfitted weather station at its campus in Millbrook, NY.
(http://www.caryinstitute.org/science-program/research-projects/environmental-monitoringprogram/weather-climate)

Figure 6: Cary Institute of Ecosystem Studies Weather Station
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6 Using remote sensing and in situ datasets to understand
climate change effects on maple syrup production
Maple syrup might be the oldest agricultural product in North America. Syrup production depends on sap
flow in sugar maple trees prior to the springtime start of the growing season. This early season sap flow is
the result of a physiologically unique process that occurs during the winter season, when daytime
temperatures reach above freezing, and freezing temperatures occur at night. This freeze/thaw cycle,
alternating day-night, creates pressure gradients within the tree that cause the sap to flow. This

phenomenon occurs only for a limited time during the spring.
This project makes use of satellite remote sensing datasets of landscape temperature and freeze/thaw state
to assess day-night freeze/thaw cycles across regions where the sap from sugar maple trees is harvested
for maple syrup production. The multi-year satellite record allows us to examine its correlation with sap
harvesting, including variability across multiple years. To support analysis of the remote sensing data, we
collect ground reference (in situ) data on vegetation physiology. This stand of sugar maple trees (Acer
saccharum) is instrumented with sensors providing measurements of vegetation and soil temperature,
vegetation sap flow and growth dynamics. Our objective is to characterize processes related to the flow of
sap in the sugar maple trees as well as climate drivers affecting these processes.
Xylem sap flow is monitored in several individual trees using Granier-style sap flow sensors. Tree growth is
monitored using precision dendrometers. The suite of sensors is connected to a data logger powered by a
12-volt lead acid battery connected to a solar panel. A diagram of the typical instrument set-up is provided
in the figure below.
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Figure 1: Sketch of a complete instrument set-up. The soil moisture, sap flow, dendrometer, air and vegetation
temperature, and meteorological sensors are diagrammed along with the data logger, battery and solar
panel. For the set-up at the Cary Institute, meteorology and soil moisture measurements are provided by
the CREST weather station installed nearby.
References:
Skinner, C. B., A. T. DeGaetano, and B. F. Chabot. "Implications of twenty-first century climate change on
Northeastern United States maple syrup production: impacts and adaptations." Climatic change100.3-4
(2010): 685-702.
http://botanistinthekitchen.wordpress.com/2013/03/18/maple-syrup-mechanics/
http://nsidc.org/data/nsidc-0477/
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Activities:

1. How does satellite data help us distinguish healthy from non-healthy vegetation?

2. Rank land cover with approximate LAI values lower to higher: Wetland, Shrub, Forest, Cropland,
Dessert.

3. Why soil moisture is important in monitoring flash flood and agriculture?

4. What parameters does a meteorological weather stations normally measures?

5. How surface (skin) temperature differs from air temperature?
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6. Why do some trees lose their leaves in winter?

7. How does microwave radiometer works? What frequency is used in measuring soil moisture?

8. Name all the satellites that are used to monitor surface temperature?

9. Name all the satellites that are used to monitor vegetation?

10. Name ten uses of satellites?
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