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Metric Prefixes A prefix in front of a unit of measure indi
cates a multiple of fiaction of that unit. The table below lists
the most frequently used prefixes of the metric system, which
you should know for the AP® Environmental Science Exam.

Scientific
Equivalence notation  Abbreviation

1,000000  10° M
1,000 10° k
100 10° h
10 10' el

1 10

(]

centi 001 1072 c

milli 0.001 10 m

Smallest  micro 0000001 10-¢ 0
Scientific Notation (See pages 200, 293, 349,

Use scientific notation when dealing with very large or very
small numbers. Here are some examples of numbers written in
scientific notation:
34,670 = 3.467 X 10*
0.0053 = 5.3 X 107

259 =259 X 10*

The first part of this notation (e.g., 2.59) is called the digit
term. The second part of the notation (e.g., 10°) is called the
exponential term. When adding or subtracting numbers that are
written in scientific notation, first make sure that both numbers
use the same exponent. Then add or subtract the digt terms and
retain the original exponential term,

Example

1.23 X 10° + 1.51 X 10° = (0.123 + 1.51) x 10°
= 1.633 X 10°
When multiplying in scientific notation, multiply the two digit
terms and then add the two exponential terms,
Example
(2.4 X10%) X (3.0 X 10" = (24 X3.0) x (102*4)
=72 X104
When dividing in scientific notation, divide the
and then subtract the two exponential terms,
Example
(3.6 X 10%) + (1.2 X 10%) = (3.6 + 1.2) X (10*-%)
=3.0X%10?

two digit terms

Converting Units (See pages 10, 13, 47, 49, 136, 349, 381,
422, 520, 532, 590.)

To convert a value into different units, multiply by one or
more ratios that are equal to 1, where the numerator yng
denominator are equivalent. The uni
denominator should cancel cach ot
desired units are left,

s in the numerator and
her out until only the

Example

Convert 6,85 km into inches. (1 km =
and 1 foot = 12 inches)

1,000 m, 1
m=ganp
eer,

i X [ 1,000 m X |3

12 inche

1kt Lnf Voot = 269616 ingyg,

Calculating Averages (See pages 20, 134, 564,)

To find the average, or mean, of 4 sop 15

4 va
the given values and divide the total by the e 204 sl
values. - “rR|Vﬂ|
average (imean) = (x + y + 2) + 1, where y =
b he tumber o e
Example
The average (mean) of 107, 53, 100, 114,

vand 236 =
S3+100+ 114 +236) + 5 =610+ §m 15 107+
Percent of a Total Value (See
658,
To calculate the percent of a total value,
by the total value, then multiply by 100%,

pages 11,91, 167, 584, 59,
ivide the subset yalye

perent of a totalvalue = (cubset value + total value) X 10034
Example

A group of rabbits consists of 10 brown,

15 white, and 25 b}
rabbits. Ak

The percentage of brown rabbits = [10 + (10 + 15 4 25))
X100% = (10 + 50) X 100% = 0.2 X 100% = 20%
Percent Change  (See pages 91, 167, 349, 556, 706, 726,

To calculate percent change, take the difference between the

final and initial values and divide this difference by the initia]
value, Then multiply by 100%,

percent change = [(final value ~ initial value) + iniial value] X 100%

Example
Annual U.S. meat consumption in 1960 = 60 kg per person
Annual U.S. meat consumption in 2012 = 75 kg per person

The percent change from 1960 to 2012 = (75 kg — 60 kg) +
60 kg] X 100% = (15 + 60 kg) X 100% = 0.25 X 100 = 25%

Annual Rate of Change (See pages 278, 556, 695,

To calculate the annual rate of change for a given measurement,
first find the difference between the final value and the initial
value. Then divide that difference by the total number of years
considered, which is the difference between the final year and
the initial year,

annial rate of change = (final value ~ inital value) + (fnal year —
initial year)

Example

Atmospheric CO, = 320 ppm in 1960

Atmospheric CO, = 390 ppm in 2010

Average annual rate of change = (390 ppm ~ 320 ppm) +
(2010 = 1960) = 70 ppm + 50 years = 1.4 ppm/year

PH Scale (See page 41.)
The pH scale is logarithmic, meaning that each number on the
scale changes by a factor of 10,
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Example

Per Capita (See pages 13, 321
A substance with a pt

substance with a pH
substance with a pH = 7

=5 is 10 times more acidic than

To calculate the per capita value for a given measurement of a
and 100 times more acidic than a

population, divide the measurem
in the population.

ent by the number of people

Primary Productivity (See pages 78-79, ot Lo
The gross primary productivity (GPP) of an ccosystem is s
measure of the total amount of solar energy captured by pro
ducers via photosynthesis To determine net primary productiv.
ity (NPP) of an ecosystem, take the gross primary production
(GPP) and subtract the respiration rate of the producers,

GPP = nespiration rate = NPP i

population measurement + population size
Example

A population of 50,000 people consumes a total of 3.75 million
liters of milk per year.

Per capita milk consumption = (375 X 10%) + (5.0 X 10¢)

75 X 10 = 75 liters/person /year

Total Energy Used (See pages 47, 49, 422, 455, 473,
Exampl ages 47, 49, 422, 455, 473,)
xample A watt (W) is a unit that measures th

e rate of energy use.
1,000 W = 1 kilowatt (kW)

A forest with a GPP of 3.8kg C/m?/year and a respira-
tion rate of 2.4 kg C/m?/year has an NPP = 3.8 — 2.4 =
1.4 kg C/m/year. Total energy used over a given period of time = kW %
time (hours) = kWh

Global and National Population Growth Rates (Sec

pages 238, 242,)

To calculate the global population growth rate as a percentage
start with the crude birth rate (CBR), which is the number
of births per 1,000 individuals per year, and subtract the crude
death rate (CDR), which is the number of deaths per 1,000
individuals per year. Then divide by 10,

global population growth rate (%) = crude birth rate (CBR) ~ crude
death rate (CDR} + 10

Example

Ifan electrical appliance that uses S00W operates for 6 hours,
total amount of energy used = 0.5 kW X 6 hours = 3 kWh
Energy Efficiency (See page 52.)

To calculate energy efficiency, multiply the individual efficien
cies in each step of the system.

overall energy efficiency = (effiiency of step 1) X (efficiency of step 2) X
(efficiency of step 3) X (efficiency of step 4 [if neded])

Example Example
In 2014, there were 20 births and 8 deaths per 1,000 people Efficiency of coal to electricity = 0,35
worldwide, Efficiency of electricity transport = 0.9

Global growth rate = (20 ~ 8) + 10 = 1.2% Light bulb efficiency = 0.05

To calculate the population growth rate for a single nation, we  The efficiency of converting coal energy to electricty in  light

o i bulb = (efficiency of coal to electricity) X (effciency of electricity
also need to account for immigration and emigration. transport) X (light bulb efficiency) = 035 X 0.90 X 0,05 = 0,016

(rounding to two significant figures) = 1.6% overal efficiency
Half-life (See pages 37, 440, 630

The half-life of an element is the time it takes for one-half of
the original radioactive parent atoms to decay. For a given cle
ment with a half-life = n, the element loses half of its radioac
tivity every n years

national population growth rate = [(CBR + immigration)
(CDR + emignation)] + 10
Example

A population of 100,000 people has 2,000 births, 500 deaths,
200 emigrants, and 100 immigrants over a 1-year period
Growth rate = [(20+1) = (5 +2)] + 10 = (21 = 7) + 10= 14%

amovnt radioactivty remaining = (orginal amoun) X, (0.5"), where
x = the number of half-lives

Doubling Time (See pages 237-238.)

The time that it takes for a population to double can be calcu-
lated using the “rule of 70.”

doubling time (years) = 70 + growth rate (%)

(Note that when dividing by the growth rate, ignore the percent)
Examplo :

Example
Calculate when carbon-14 will have f of its radioactivity

Amount remaining + original amount = u;;‘» b
3
time for a given reduction in radioactivity = x X n, where n = the
half = life of an element
Example
5 -life = 0 years = n
B e 11 o [ o te miosciviy = .=
3% 5,730 years = 17,190 years

If a population grows at 2% per year, doubling time =
70 + 2 = 35 years.

n Density (See page 206.) ol ; y
l'::;uullﬁl:n demir’;yh the number of individuals living in a
given area divided by the size of that area.
population density = number of individuals + area

i 000 h f land
individuals live on 10,000 hectares of 2
lz’l:::hdun density = 2,500 + 10,000 = 0.25 individual /hectare





