
Assessing Illicit Narcotics Cultivation
 
Using Imagery-Based Survey Methods
 



ASSESSING ILLICIT NARCOTICS CULTIVATION
 
USING IMAGERY-BASED SURVEY METHODS
 

The US employs sample survey techniques, imagery-based,
to estimate narcotics crops cultivation. The US Government
since the late 1970s has been refining sample survey methods.
These techniques are efficient, timely, and noted for their
reliability. 
Highly trained imagery technicians have
demonstrated that through rigorous efforts they can c ,loy the
satellites that looked for Soviet missiles to find ana
identify illicit narcotics crops. 
The only alternative to a
sample survey--the census method--is not practical 
for
assessing narcotics crop cultivation regionally because
growing regions are often thousands of square kilome-ers in
size and contain thousands of fields.
 

The imagery-based survey methodology involves fourdistinct phases: 
 presurvey analysis, survey design and
implementation, imagery analysis, and data analysis
(figure: Assessing Narcotics Crop Cultivation: An Imagery-
Based Approach). A successful estimate hinges on the proper
adaptation of each phase to account for the differences in
crops, in cultural practices among drug-producing countries,
and in year-to-year variability in both cultivation patterns

and climatic factors.
 

Presurvey Analysis
 

Whether the objective is to estimate narcotics crop
cultivation in a traditional growing region or 
in a newly
producing one, a successful survey depends on 
the information
developed during the presurvey analysis phase. 
The results of
any prior imagery surveys, evaluated in conjunction with data
from other sources, often provide the basis of this
informaticn. 
For annual crops--marijuana and opium poppy-meteorological information is of vital importance in the
survey planning phase because yearly weather cycles largely
govern when planting and harvesting will occur.
 

Successful presurvey analycq is critical in designing an
imagery-based survey of a new narcotics growing region.
Generally, the preparation of such exploratory surveys entails
substantial research and, when feasible, includes travel to
the area to obtain ground photography of both illicit and
licit crops. Discussions with personnel involved in narcotics
 crop control efforts often provide invaluable insight into
local cultural practices and climatic conditions. The goal of
presurvey analysis is to develop a definition of the crop's
image signature--the characteristics of an illicit crop that
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make it appear different from licit crops on 
imagery--as well
as knowledge of the crop's growth cycle and of the area in

which the crop is cultivated.
 

Crop Image Signature Development 
A valid image signature is
made up of a variety of observable characteristics that, when
taken together, uniquely identify a particular crop. 
 Some
characteristics are directly attributable to plant growth and
development; others result from cultural or environmental
factors. Components of an image signature include:
 

o 
 The crop's image texture represented on overhead

imagery by variations in color or gray tones. 
 Image
LexLure is determined by the configuration of the
 crop canopy--the aggregate appearance of the upper
branches of each plant in the field. 
 Canopy.
configuration is influenced not only by the

individual growth habit and leaf shape of the plant
but also by the spacing between each plant and

between each row of plants in the field.
Intercropping--when one crop is cultivated between
the rows of another--also affects the overall canopy
configuration and is a common method for concealing
a narcotics crop in, for example, a field of corn.
The appearance of the canopy, particularly that of
annuals, changes as 
the crop matures.
 

o 
 The location of suspect fields in relation to other
agricultural activity, population centers, roads,
and rivers. 
In some areas narcotics crops are
planted apart from licit agriculture and located
 
away from villages and towns.
 

o 
 The overall appearance of the suspect site. 
 In some

countries, lands intended for narcotics crop
cultivation are hastily cleared using the slash-andburn method. 
Felled trees left in these fields,

combined with debris from the construction of
temporary dwellings, give these sites a cluttered
 
appearance on imagery.
 

o 
 The presence and type of associated manmade
 
structures. In preparation for harvest, for
example, opium poppy growers in some cases erect
 canvas tents in fields located in remote areas to
keep their workers close to the crops being
harvested. In key coca-growing countries leaf is
often spread out to dry on small patios near the

fields before further processing (figure: Coca Leaf
 
Drying in the Sun).
 

Variations in cultivation practices, plant varieties, and soil
and weather factors may render signatures developed for a
particular crop in a particular growing region inappropriate
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Newly picked coca leaf is spread out to dry in 
the sun before packing into bales for market. 



for the same crop in another growing region. Therefore,
signature and photointerpretation keys must be developed for
each crop and growing region.
 

Crop Growth and Cropping Cycle Definition The timing of each
survey is governed by the crop's growth cycle--the period from
planting to harvesttime. 
Growth cycles must be defined for
each crop in all of the identified growing areas and must be
closely monitored (figure: Calendar of Opium Poppy Cultivation
in Afghanistan). In 
an area subject to wide fluctuations in
rainfall, for example, growers often adjust planting dates by
as much as several weeks to maximize crop yield. Such shifts,
if undetected during survey design, could seriously impair the
validity of the estimate. In addition to defining the
planting and harvesttime dates, the critical stages of growth-emergence, vegetative, mature, flowering, and ripening--must
also be identified so that photography is collected during the
stage in which the crop's signature is most distinct.
 

The establishment of growth cycles is most important for
opium and marijuana, which are usually planted and harvested
at least once a year and, therefore, are most affected by
weather. For example, Afghanistan, Burma, and Pakistan have
one opium poppy crop that is planted in the fall and harvested
in the spring. 
Mexico has a spring, a summer, and a fall
crop. In other instances, cropping cycles are less distinct.
In Colombia opium poppies are planted and harvested
 
continuously the year round.
 

Coca--a perennial crop--pre3nts a different challenge.
Coca fields are tended conti3 ,u'usly and can yield up to six
harvests per year. Therefore, the cropping cycle for coca 
is
open ended and the vegetative growth stage continues yearround. 
Because coca cultivation is usually imaged only once a
year, the subtle changes in both the distribution and density
of cultivation must be carefully observed over time as coca
fields decline in fertility and new lands are cleared for
 
cultivation.
 

Growing Area Definition and Stratification Accurate
information on the distribution of illicit crops is essential
if imagery collection strategies are to produce reliable
cultivation estimates. 
Because growing areas change from year
to year--new areas appear and traditional ones expand or
shrink--maps must be created and periodically updated to

record this ever-changing process.
 

Maps of the potential growing area are first prepared
from the analysis of field reporting, low-resolution satellite
(Landsat) imagery, and climatological, soil, and topographic
data. 
These maps are then used to plan initial or exploratory
image surveys. Information obtained from these surveys on 
the
crop growth cycles, crop signatures, and actual growing area
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boundaries is used to update the maps and to design sample
surveys that result in cultivation estimates.
 

Ultimately, maps of the growing area can be refined to
differentiate between regions of high- and low-density crop
growth, or among high-, medium-, and low-cultivation

intensities (figure: Opium Poppy Growing Areas in
Afghanistan). Such stratified maps enable the use of more
sophisticated survey designs and statistical procedures in the
production of an estimate. 
 Estimates based on stratified maps
are more accurate and often more timely as well.
Occasionally, these maps are also stratified by administrative,
boundaries to permit estimates by political region. 
Although
such a stratification scheme can complicate the survey
process, estimates derived in this manner can make direct use
of supporting eradication data, which are usually organized by
political division.
 

Survey Design and Implementation
 

The key to a successful narcotics crop survey is the
examination of an adequate number of representative imagery
samples of the growing area. 
 As in any survey that relies on
sampling, great care must be taken to acquire samples that
accurately typify the region so that valid inferences can be
made about the crop's overall disposition in the growing area.
 
Sample Survey Design Imagery-based sample surveys are
designed to ensure the collection of photography that can be
used to calculate the average density of fields in each
growing area. Map representations of each growing area are
overlaid with an equal-area grid. A predetermined number of
grid cells that fall within the boundaries of the region is
selected for imaging (figure: Afghanistan: Opium Poppy Survey
Sample in the Helmand Valley). 
 To avoid bias, selection is
accomplished using either a random or a systematic sampling
technique. 
The preferred technique--random sampling--selects
cells by chance; systematic sampling selects cells at regular
intervals--for example, every fourth or every eighth cell.
Systematic sampling is most appropriate for exploratory
surveys and is generally used in preparing unstratified
growing area maps of areas for which little information is
 
available.
 

More sophisticated sampling designs can be used when
stratified growing area maps are available. 
Stratified
sampling designs select a greater proportion of image cells
from the higher density strata than from the lower density
strata. 
 Estimltes based on a stratified sample can be
substantially more accurate than those based on nonstratified
plans, in which the distribution of sample cells is evenly
allocated. 
Increased sampling in high-density areas permits a
more accurate assessment of the amount of cultivation in those
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areas that contribute most to the overall estimate. 
 In
addition, this sampling technique enables the production of
estimates for each stratum rather than a single estimate for

the entire growing area.
 

The number of cells selected for imaging in the design of
either nonstratified or stratified survey plans is governed
both by the desired accuracy of the final estimate and by the
degree of variation in the density of the fields among strata.
In theory, the greater the density variation, the larger the
sample required for calculating precise estimates. 
 In
practice, however, it is unnecessary to image more than 10 to
20 percent of the total area because the rate of improvement

in accuracy rapidly diminishes as the sample size is
 
increased.
 

Imagery Collection
 

Photography from both high resolution satellite and-where appropriate--low- and high-altitude aircraft systems is
used to make narcotics crop cultivation assessments. Imagery
collection is a straightforward process after the crop's image
signature, growing area, and cropping cycle have been
determined and the survey sampling plan is designed. 
One or
 more 
imaging systems are selected on the basis of their
ability to collect photographs that depict the crop's
signature with the greatest clarity. 
Imagery collection,
optimal at the time during which the crop's growth stage is
most distinctive, may be constrained by the number of cloudfree days or the availability of the selected imaging system.
The interval, however, during which exploitable imagery can be
obtained is relatively broad, and good survey design allows

for this flexibility.
 

Imagery Analysis
 

The accuracy of photo interpretation is affected as much
by the expertise of the analyst as by the quality of the
photography collected. 
Although each analyst is trained to
manipulate a variety of film media efficiently, considerable
experience is required to be able to identify on film the many
natural and cultural features that characterize a particular
narcotics crop. 
Reliable imagery-derived data are ensured
both by proper training and by the performance of calibration
 
tests following interpretation.
 

Imagery Exploitation 
The imagery analyst extracts three types
of data from each frame of the sample imagery:
 

o 
 The number of individual fields in illicit crops.

The procedure is simple when fields 
are distinct
entities, such as 
are the opium poppy fields in
 



Afghanistan. Narcotics fields, however, are often
cultivated in clusters and lack distinct boundaries,

which make the determination of a precise count much
 more subjective. In these instances, the imagery

analyst must establish criteria--differences in

rowing patterns, the presence of paths, fences,
hedges, and the like--that can be used to define a
single field throughout the imagery exploitation

phase.
 

o 
 The sizes of individual fields randomly selected
 
from a portion of those fields observed in each
growing area. 
 Measurements of a representative

sample made up of 100 to 200 fields are generally
adequate to calculate the average field size in the
growing area with an acceptable degree of precision.

Selected fields are measured using methods widely

used for making area measurements on aerial
 
photography.
 

o 
 The amount of land area imaged, discounted by the
portion obscured by cloud cover. 
The imaged area,

measured using standard photogrammetric techniques,

is used to determine average field density--the

number of fields per square kilometer of the growing
 
area.
 

Quality Control: 
 Training and Calibration Tests
 

Analysts' training is designed to minimize errors 
in
interpretation. 
Failure to identify accurately fields in
narcotics crop cultivation can result in omission errors and
 cause an underestimate of the magnitude of the crop.
Incorrect identification of licit crops as 
illicit crops-commission errors--can cause an overestimate o' the area in
narcotics crop cultivation. 
Analysts are provided examples of
the natural and cultural features--subtle as well as obvious-associated with narcotics crop cultivation in each unique
growing area and are expected to gain expertise by studying
the crop signature keys and satellite and aerial photography
that depict both the typical and atypical patterns of the
 
cultivation.
 

After the imagery is exploited, calibration tests are
performed to ensure that the estimates are adjusted for
systematic errors in interpretation. The probability of an
analyst making these errors can be calculated, and the
resulting figure used to adjust the field counts extracted
from the imagery. Probability factors derived by the ground
truth test are preferable because they are calculated by
comparing data extracted from imagery with data collected on
site. 
 When site visits are not feasible, probability factors
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can also be derived by comparing data independently extracted
from identical sets of imagery by two or more analysts.
 

Data Analysis: 
 Making the Estimates
 

Simple mathematical procedures are used to calculate
cultivation and production estimates. 
Because the area imaged
in the sampled cells is 
a statistical representation of the
entire growing area, the amount of cultivation in the sample
can be "scaled up" to derive the overall cultivation estimate.
Adjustments are made to this estimate to account for any
interpretation errors detected during the calibration tests.
Potential production from each growing region is determined
from the area under narcotics cultivation and yield. 
Yield

figures are obtained from a variety of sources.
 

Calculating the Estimates 
 The US methodology for estimating
narcotics crop cultivation and production involves five steps:
 

o 
 The average number of fields per hectare of land-
termed average field density--is calculated by
dividing the number of observed fields by the amount

of land area imaged on the sample photography.
Imaged area is discounted by the portion obscured by

cloud cover.
 

o The estimated number of fields in the growing area
is determined by multiplying the average field

density by the growing area's total extent as

measured from the growing area map. 
This "scaled
up" estimate of the number of fields is then

adjusted for interpretation errors based on the
 
results of the calibration tests.
 

o 
 Average field size is calculated by dividing the
sample fields' aggregate area by the total number of
 
fields measured.
 

o The cultivation estimate for the growing area is
determined by multiplying the estimated number of
 
fields by the average field size.
 

o The production estimate for the growing area,

usually calculated in metric tons, is determined by

multiplying the cultivation estimate by a yield

factor derived from field reporting.
 

The calculated cultivation value is always the best point
estimate of the actual cultivation in the growing area.
Nevertheless, sampling errors are inherent in any
statistically based survey. 
 Because these errors can be
precisely quantified, confidence intervals associated witheach estimate specify both a range within which we believe the
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actual cultivation value lies and the likelihood or
probability of this assertion. 
The width of the confidence
interval indicates each estimate's level of reliability. 
The
smaller the width, the greater the reliability of the
estimate. 
 For instance, a 95 percent confidence interval of
+/- 50 hectares indicates that the estimate is more reliable
than a similar estimate having a 95 percent confidence
 
interval ol* +/- 100 hectares.
 

Although confidence intervals can be calculated for
cultivation estimates, they often cannot be calculated for
production estimates because such estimates usually
incorporate crop yield factors that are not statistically
derived. 
 Yield factors, usually expressed in kilograms per
hectare of cultivation, are obtained from numerous sources of
varying reliability. 
Although the statistical reliability of
estimates incorporating nonstatistically derived yield data
cannot be determined, the validity of these production
estimates is ascertained by a team of analysts who evaluate
them with respect to reported weather and other agronomic
factors that are known to affect yield and, therefore,

production.
 

In preparing an estimate for countries with active
narcotics crop eradication programs, the potential impact of
these programs on 
survey results must be evaluated. A team of
analysts examines each cwop and country on a case-by-case
basis to determine an appropriate adjustment to the estimate.
The two most important variables in this evaluation are:
 

0 The reliability of reported eradication data. Like
crop yield factors, such data are usually not

collected by statistically rigorous methods.

eradication data are cross-checked with other 

All
 

information and with available imagery to determine
their accuracy. 
Following careful examination, the
data are adjusted for any detected bias or
 
inaccuracies.
 

o 
 The time of eradication activities relative to that
of imagery collection. 
 If fields were reported
eradicated after imaging, then this number of fields
should be subtracted from the estimate. 
Conversely,
the estimate of the area under narcotics crop
cultivation is adjusted upward if eradication

occurred before imaging. 
 In the latter instance, it
is necessary to know if eradicated fields have a
signature that might be mistaken for noneradicated

fields. 
Deciding upon the appropriate adjustment is
further complicated when eradication has occurred
both before and after imaging. In most cases, it is
preferableto collect imagery before eradication
 
operations ire conducted.
 


