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• What is Ecosystem? 
• The Global Energy Budget
• Land use and Land Cover monitoring 
• Land Cover Classification
• environmental consequences of LULC change
• Examples of Ecosystem
• Experiments

– Design of Ecosystem (25 min)

• Work on GIS project (Rest of time)

Ecosystem, Land use and land cover monitoring



• An ecosystem consists of all the organisms living in 
a community as well as all the abiotic factors with 
which they interact.

• The dynamics of an ecosystem involve two 
processes: energy flow and chemical cycling.

• Ecosystem ecologists view ecosystems as energy 
machines and matter processors.

• We can follow the transformation of energy by 
grouping the species in a community into trophic 
levels of feeding relationships.

Introduction



Primary producers are organisms in an ecosystem that produce
biomass from inorganic compounds (autotrophs).

Primary consumers are animals that eat primary producers;
they are also called herbivores (plant-eaters).

Secondary consumers are mainly carnivores, and prey on other
animals.

Tertiary consumers, also known as apex predators, are usually at
the top of food chains, capable of feeding on secondary
consumers and primary consumers (Humans).



– The dynamics of energy through ecosystems 
have important implications for the human 
population.



Animal Ecosystem



• Most primary producers use light energy to
synthesize organic molecules, which can be
broken down to produce ATP; there is an energy
budget in an ecosystem.

• The amount of energy at each trophic level
decreases as it moves through an ecosystem.

• As little as 10 percent of the energy at any
trophic level is transferred to the next level; the
rest is lost largely through metabolic processes
as heat.

• If a grassland ecosystem has 10,000 kilocalories
(kcal) of energy concentrated in vegetation, only
about 1,000 kcal will be transferred to primary
consumers, and very little (only 10 kcal) will
make it to the tertiary level.

Energy flow and trophic levels



A Deciduous Forest Energy Pyramid



Organisms and their trophic levels



Levels of Organization



• The law of conservation of energy applies to 
ecosystems.

– We can potentially trace all the energy from 
its solar input to its release as heat by 
organisms.

• The second law of thermodynamics allows us to 
measure the efficiency of the energy conversions.

The laws of physics and chemistry apply to ecosystems



• Every day, Earth is bombarded by large amounts 
of solar radiation.
– Much of this radiation lands on the water and land 

that either reflect or absorb it.
– Of the visible light that reaches photosynthetic 

organisms, about only 1% is converted to chemical 
energy.
• Although this is a small amount, primary producers are capable of 

producing about 170 billion tons of organic material per year.

• Primary production can be expressed in terms of energy 
per unit area per unit time, or as biomass of vegetation 
added to the ecosystem per unit area per unit time.

The Global Energy Budget



– Total primary production is known as gross primary production 
(GPP).
• This is the amount of light energy that is converted into chemical energy.

– The net primary production (NPP) is equal to gross primary 
production minus the energy used by the primary producers for 
respiration (R):
• NPP = GPP – R

Gross and Net Primary Production



– Primary production can be expressed in terms of
energy per unit area per unit time, or as biomass of
vegetation added to the ecosystem per unit area per
unit time.
• This should not be confused with the total biomass of

photosynthetic autotrophs present in a given time, called
the standing crop.

Primary production





Tow parameter affect the NPP 
productions: 







Combination of temperature and precipitation



– Different ecosystems differ greatly in their production as well as in their 
contribution to the total production of the Earth.

Comparison of Global NPP production



Examples of Ecosystem



Observation: predictable patterns of ecosystem distribution across Earth







Arctic Ecosystem

Dimethylsulfide





Forest Ecosystem



Human ecosystem



http://emu.edu/now/ed-tech/2013/09/05/learning-moodle-again/



Skill Ecosystem













Land use and 
Land Cover monitoring



Introduction

• Land use – defined by economic terms
• Land cover – visible features
• Both are important and are really inseparable 
• We depend on accurate LU/LC data for scientific and 

administrative purposes



• Environmental – habitat, water/air quality, carbon storage & sequestration
• Economic – heating & cooling, infrastructure & design, increased property 

values
• Social – greening initiatives, sense of community, lower crime rates & public 

health 
• Land – LU/LC (land conversion), urban heat island, sustainable design, physical 

modeling
• Air – carbon market, non-attainment (ozone), quality of life, climate change 

modeling
• Water – supply, conservation, watershed protection, modeling tools
• Modeling, Research & Policy – future land use, program effectiveness, 

monitoring, outreach, education, economic development

Value of Land Cover Mapping



Worldwide extent of human land-use and land-cover change 



Natural Color Red, Green & Blue Bands



Color Infrared (CIR) Imagery



to Detect Features Based on –

• Pattern Recognition
• Spectral Content
• Spatial Context
• Texture

Forest Biomass

Urban Forestry

Digital Image Classification & Analysis



Digital Image Classification & Analysis

• For every project, it is important to use known ground samples to check accuracy

• When ground samples are compared to “first run” data, the software is adjusted 
accordingly, yielding greater accuracy

Collect a ground sample with 
known characteristics.

Extrapolate the sample to an 
entire area.



• Land Cover Classification Mapping is derived using an 
automated technique called Accelerated Feature 
Extraction (AFE)

• AFE is an iterative, or self-learning software program.
• It was originally designed for use by the U.S 

Department of Defense and NASA.
• It is a much faster and cost effective way to map 

features on the ground

Land Cover Classification



Bare Soil



This illustrates impervious sure

Impervious Surface



Tree Canopy



Water



Healthy Grass / Irrigated Area



Unhealthy Grass / Non-Irrigated Area



Grass



7-Class Land Cover Classification Composite



Land-cover imagery



Spatial analysis



What are the environmental 
consequences of land-use/land-

cover change?



• Air pollution

Effects on atmosphere/climate



• Urban heat island

Effects on atmosphere/climate



• Groundwater depletion

Effects on water resources



• Flooding

Effects on water resources



• Water pollution

Effects on water resources



• Habitat fragmentation

Effects on ecosystems

Highways



• Degradation of soil fertility

Effects on ecosystems



What geographic regions are at 
greatest risk for 

landuse / landcover change?



Source: NASA

Regions at risk



Regions at risk



• Storm-water modeling
• Water conservation
• Streets and sanitation
• Urban forestry
• Zoning
• Parks and recreation
• Transportation
• Land conservation and acquisition
• Wildfire risk analysis
• Wildlife corridor planning
• Watershed management
• Utility vegetation management
• Green infrastructure planning

Possible uses for Land Cover Classification Mapping



Ecosystem Videos



• What Is An Ecosystem
https://youtu.be/WuejxJttBqo

• Components of the Ecosystem
https://youtu.be/MWPj2IkeklI

• Ecosystem Ecology: Links in the Chain
https://youtu.be/v6ubvEJ3KGM

Ecosystem Videos to Watch

https://youtu.be/WuejxJttBqo
https://www.youtube.com/user/IkenEdu
https://www.youtube.com/user/IkenEdu
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