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EXEC Y 

The reduction of narcotics production in Afghanistan, by economic incentives and a drug awareness 
program, is the primary goal of the Narcotics and Awareness Control Project (NACP). To achieve this 
goal, the project must be able to monitor changes in poppy production. The objective of this report is 
t~ evaluate the capabilities of commerci%lly available remotely sensed data1 to detect poppy cultivation 
md monitor changes in poppy production. 

Monitoring of poppy production has been attempted in India and Thailand. Neither of these projects 
confirmed rhe ability to locate poppy by identifying its spectral signature. The procedures used in these 
projects, however, may not represent. an exhaustive effort to .use satellite imagery to identify poppy. 
Surveillance of poppy from aircraft, as conducted in Turkey and Mexico, shows promise, but at present 
this procedure is too dangerous in Afghanistan and not a viable option for an operational monitoring 
program. 

The, collective experience of a United Nation's group of experts on remote sensing of illicit narcotic 
crops, a; well as independent research by this author, suggests that satellite monitoring of poppy 
production in Afghanistan csuld be successful under optimd conditions. Examples of optimd conditions 
include .readily available and good-quality satellite data, knowledge of the crop calendar, ability to do 
ground truthing, sufficiently large field size, md minimal intercropping. It should be emphasized that 
there is no evidence that satellite imagery can be used successfully to monitor poppy production under 
less ahan optimal conditions. 

A&cceptable satellite imagery appears to be available for all of Afghanistan, and evidence suggests 
that fifieids of an acceptable size and crop pattern exist in some areas of Afghanistan. In addition, the 
necessary expertise and equipment (computer h~rdware and software) exist in the private sector to 
perform the work. 

'Ihis report recommends, therefore, that a pilot project be conducted in the southwest (HeHmarad 
Province), where conditions are most favorable to judge the potential of satellite technology to meet the 
needs of the NACP. If results seem promising, this technique csuld be applied to other regions of 
Afghanistan, as well as irk projects elsewhere. 

The pilot project should begin with the development of a crop calendar and acquisition of imagery 
during the poppy flowering season (probably mid-March to early April). Both visual and digital image 
analysis procedures shou'd be tested to compare mapping results. Ground truthing support will be 
necessary in the early stages to locate known poppy fields, to train human interpreters and computers to 
identi9 the poppy spectral signature. Moreover, ground support will be needed to confirm the existence 
of poppy fields identified by satellite imagery to establish the reliability of the satellite products, 

If safety factors, logistics, or other reasons prevent a pilot project from being conducted in 
Afghanistan, a Pakistan test area could be chosen in a region with a similar climate and poppy cultivation 
practices. A time lag of three to four months can be anticipated from the initiation of satellite data 
procurement to ehe completion of finished output maps. 

- 
"Remotely sensed data" refers to satellite imagery, aerial photographs, or airborne sensors. 



Evidence indicates that poppy field sizes in Afghanistan range from .2 to 1 hectare. Comerciailly 
avadable satellite imagery, in theory, has the required resolution to detect larger fields. Identification 
accuracy, however, will be lower for small fields that are less than -4 hectares (approximately the size 
of a North American football field). Because there is no quantitative information about detection accuracy 
available from preliminary studies in other regions, a definitive estimate c m o t  be made for Afghanistan. 

The puqmse of the pilot project would be to determine the accuracy limits and establish a baeline 
for evaluating satellite poppy monitoring performance. Changes in production area can be determined 
by two observation dates of imagery - one in the early stages of the project and one a yaw or two later. 
If poppy identification accuracy is 80 percent correct from the first date of imagery, the same accuracy 
levd can be expected from the second date, assuming image quality and analytic procedures are similar, 
?%is level sf s i d a r i Q  in accuracy of poppy classification will indicate that any change in production area 
estimates between the two dates should be a close estimate of actual change. 

Devdoprnent of a geographic information system (GIS) :or the NACP priority areas could facilitate 
poppy monitoring by improving the malyticd capability to predict and map poppy locations and, thus, 
contribute to planning for crop reduction. However, development of a GIS capacity will 2dd significantly 
to the cost of the ~rqect .  Some cost savings could be realized if the existing GIS capacity of the 
Agricultural Sectr~r Support Project (ASSP) could be integrated with NACP GIs needs. Separate GIS 
operations for the two Afghanistam projects would be less eficient and more costly. 



"She goals of the Narcotics Awareness md Control Project (MACP) are to (1) reduce narcotic 
crop production in Afghanistan and (2: lay tbe groundwork for an anti-narcotics program by increasing 
awareness of the destructive nature of rlarcotics. The information and research unit (IRU) of the NACP 
will be responsi'ble for monitoring and evaluating the impact of project activities. One of the priorities 
of ehe W U  is to monitor poppy production and production changes resulting from project activities. 
Specifically, the success of the NACP will be judged primarily on how well project activities have 
contributed to the reduction in area planted to poppy fields. The combined use of remote sensing and 
geographic information system (GIs) technology has been proposed as a feasible approach ts accomplish 
this important monitoring task. 

The objective of this report is to review and evaluate the capability of commercial satellite remote 
sensing technology to detect and monitor poppy production and change in production. Section One 
contains the introduction, a literature review, and information concerning the capabilities of remote 
sensing and GIS applications for poppy monitoring. A subsection presents opinions expressed by 
participants at an October 1989 meeting of remote sensing experts sponsored by the United Nations 
Division of Narcotic Drugs and ?he U.S. State Department. Section Two discusses specific subtopics 
such as identification of characteristic signatures for poppy, availzbility of commercial sources of 
imagery, and costs of data procurement. 

Wlbiished information about narcotic crop detection, monitoring, and eradication efforts aided 
by remote sensing technology is sparse. Most of the information exists in the "gray" literature - 
pri~narily internal documents printed by the Unired Nations Division of Narcatis Drugs, the U.S. Stare 
Depa~maent, and agencies within some of the countries in which illicit or licit narcotic crops are grown. 
Pr;~cticdfy nothing is published that provides solid, quantifiable evidence concerning the accuracy of 
remote sensing detection of any narcotic crop. However, a few pilot projects have been conducted that 
provide some insight into the possibilities of using remote sensors and GIs technology to monitor narcotic 
crop production. 

Some of the earlier references ts narcotic crop monitoring discussed aircraft technology, using 
either cameras (aerid photography) or mulaispecud scantshess. far, 1986, the author of this report, as an 
employee of a consulting firm in California, wrote an unsolicited proposal to USAID-Peru that described 
a aecbnique to detect arad monitor coca prduction in the Madlaga Valley, Pem. The proposal suggested 
the use of an existing ecological map to nurow the search area and the use of aerial photos and a 
:;tatistical sampling technique to verify he  accuracy of Phe results. Growing conditions for coca have 
environmental limitations (temperamre, precipitzttion, sols, and so forth), and the ecological map 
highlighted the optimal coca prduction zones. Photo interpreters Penrvianms) would be train4 to identify 

I 

?;he coca crops and distinpish them fiom ather crops md land cover types. in the operational phase of 
I the project, a random sample of %he coca fields, m q p &  by photo interpreters, would be checked by 



aihcrafi overflights (with 35 rnun photos Balken with a telephoto lens) to verify the accuracy of photo 
interpretation and to provide a basis for area estimates of coca production in the valley. The use of an 
ecological map as a source of corollary data was a harbinger of a GIS approach to detection, prediction, 
md monitoring of a narcotic crop. 

Yost (19W) wrote a concept paper for the Fwd md Agriculture Organization (FAQ) that 
describes the characteristics and msts of available satellite sensors to conduct a detection md monitoring 
program for coca-growing weas in selected regions of Bolivia and Peru. Yost's review discusses the 
characteristics of Landsat MSS data, which was the only operational sensor available at bat  time (1984). 
The spectral and spatial resolution of Landsat MSS is t ~ o  coarse for the intended applications in detection 
and monitoring of illicit narcotic crops. Therefore, Yost's report does not offer much insight into the 
utility of the most advanced technology now available. Yost's review, like several other documents listed 
in the reference section of this report, does lost contain results of any project actually conducted to detect 
the target crop. 

Experience gained through remote sensing studies in other regions and with different crops might 
provide some useful insight about techniques and results that might be anticipated for narcotic crop 
detection. Williams et d. (1987) used Landsat-Thematic Mapper (TM) data to identify vegetable crops 
in fields as small as two hectares in the state of New York. The authors conclude that digital analysis 
techniques were faster but visud interpretation was more accurate because human interpreters could 
identify characteristic colors and patterns, especially in narrow fields (two pixels wide) and in areas in 
which growth stages of crops varied. Detection of target crops was better where (1) the target crops were 
mature (less soil showing), (2) the terrain was flat, and (3) when additional images were available midway 
through the growing season (especially in the case of intercropping). The authors claim that a regional 
crop calendar was the key to success and because TM data were available for the best season. TM bands 
5 and 7 (MID-R) were considered to be important for detection. Reflectance in the middle inftared 
wavebands is influenced by water content in vegetation and soils. These wavebands in combination with 
others may help in distinguishing poppy plants from other crops that have slightly different reflectance 
characteristics in the middle infrared wavelength region (approximately 2.5 m to 2.3 m). 

Perhaps the closest that myone has come to developing a @IS or "expert systemw approach to 
monitor napcoltic crops is described in articles by Waltz 9nd Moore (31986), Waltz sad Holm (1984), md 
Robertson (1986). The target crop was marijuana and the studies were conducted on national forest lands 
in the United States. The Area Reduction Method (ARM) incorporates predictive spatial modeling 
techniques to calculate the geographic distribution of the target crop. The models are baed upon suitable 
growing condition factors, psychological inferences regarding growers9 behavior in cultivation practice, 
and environmental restrictions that lower the probability of cultivation in ceztdin areas. Tenain features 
(elevation, aspwt, slope, and topographic position), distance from water or roads, and other spatial 
featares associated with hewn garden sites were digitized and analyzed in the development of the 
predictive model, The crop prediction model can be updated as growers adapt their cultivation practices 
eo avoid detection and as the new growing site characteristics are put into the database for model revision. 
Partid successes were reported in lagplying the ARM to detect the location of previously unknown fields. 
Low-altitude aerial photographs, visuai identification, and ground visitation were used to make positive 
identification of the crop type necessary because of small garden plot size (.5 acres) and stealthy practi~er, 
of growers in disguising 2he location of the fields. 



The ARM approach may have some merit for the NACP. The remotely sensed data enable the 
identification sf target crop locations. The @IS components (such as distance from roads, distance fson 
water or irrigation zone, topographic position or slope gradient, or village location) can help in defining 
the most characteristic conditions for ilhe target crop. This information can be used in predictive 
modding to flag high-probability crop sites that ccan be monitored closely by satellite surveillance and 
ground mthkg. 

William (1990) discusses the potentid application of GIS to help fight the war on drugs. 
Although the artide is only a concept paper and contains no results of projects conducted, it reinforces 
the thinking in the research community that remote sensing integrated with 61s and expert system can 
be useful inn monitoring narcotic crop production and drug trafickirng activities. Williams' article takes 
the perspective of a military or police intelligence approach to fighting ?he drug war with GIs.  

Periodic verification of crop locations is important for validating satellitz detection accuracy and 
improving the data that goes into the GI3 for predictive modeling of fuhre crop locations. The 
Information and Research Unit (NACP) will have an important role to play in strengthening GIS analytic 
capbilities by providing ground information for verifying crop location a d  monitoring poppy elimination 
plans. These issues are discussed below. 

CROP ERADICATION MB~TBRXNG 

It is hown from press releases and personal communication with State Department officials and 
contractors that ?.he U.S. State Department has finance8 some crop eradication efforts in various 
countries, especially in Mexico, and Central and South America. A private conQactor in the United 
States is currently engaged in a feasibility project, funded by the State Department, to use a video camera 
system to monitor the effectiveness of herbicide spraying on marijuana fields in Central America. The 
~bjective is to best the feasibility of the video technology to observe the results of the spraying activities 
in "near real-the" (2-3 days). This approach obviously requires a low-flying aircraft as a platform for 
the video camera to obtain adequate resolution for the imagery. The advantage of the video technology 
(for application in regions without aircraft security risks) is the real-time capability of viewing the results 
using standard fsw cost VCR tapes and monitors. This system allows immediate decision making and 
follow-up activities to be conducted, if desired. Red-time capability is not possible witb commercial 
satellite teehmolsgy arad other aircraft systems because photographic or digital processing is required, 
which can take weeks before the Imagcry can be viewed or mdyzd. 

Crop eradication efforts are not an objective of the MACP; however, monitoring poppy 
elimination plans will require some observational verification of whether alternative crops are being 
planted to replace poppy. This is a kndamentai problem because ground observation teams c m o t  visit, 
most of the pr~g'ect territory on the ground. Real-time monitoring of crop location on the groljlnd or from 
low-flying aircraft may not be feasible for NACP; however, delayed information from field observation 
will still be usefui and important for validating the remote sensicg and GI% techniques being applied. 



GENERAL C W C T E I R I m C S  OF POPPY CULTIVATION 

XIlicit poppy crops are grown in two major zones: South-East Asia and the Middle East. Poppy 
grown in ?he Middle East (the golden crescent) covers the tribal area of Pakistan, Afghanistan, and Iran 
(Harrison, 19861. The dimate is dry. In Afghanistan, opium poppy (Pmpaver somn&fieaum) is planted 
in fall @elmaad and Nafllgarhar Provinces), with flowers appearing in late March or early April. After 
flowering (which lasts two to three weeks), the capsule remaining is cut after the fall of the leaves and 
the latex flowing from it is collected every day after oxidation. The harvest extends from approximately 
mid-April to early May in the southern provinces. The poppy harvest usually ends two or three weeks 
before tlae w h a t  hapvest begins (Owens and Clifton, 1972). The hawesting method is highly labor 
intensive, requiring 15-20 persons per hectare. The northern and mountain crops mature slightly later 
than the lowland crops. Cultivation calls for a relatively warm climate (temperature of 20-25°C during 
the growing season), thus limiting the altitude at which the plant is found. 

Poppy can be grown with as little as 50 centimeters of rainfall occurring in winter and spring 
months, but is almost always grown as an irrigated crop in Afghanistan @AI/DA, 1990). The crop 
calendar varies strongly with altitude, which is a factor having substantial effect on timetable and yield. 
The competing crops are primarily wheat and also corn, cotton, and vegetables. In Afghanistan, the 
growers follow a double cropping pattern. Poppies are fall planted and spring harvested. Corn, cotton, 
or vegetables are spring or early swmer  pianted and fall harvested. The next rotation would be wheat, 
fall or winter planted and harvested in early summer. Corn or poppies would follow and h e  cycle would 
be repeated (Qwens and Clifton, 1972). 

REMOTE SENSING OF OPIUM POPPY CULTIVATION 

Detailed mapping of the geographic extent of illicit cultivation has never bzen attempted in my 
country. No national or internationa! agency has been willing to take responsibility for a project that 
could be fairly expensive, pditically sensitive, and require advanced technology and applications that are 
not well understood by most administrators and nonexperts. This author is not aware of any satellite 
detection studies of narcotic c r ~ p s  conducted through the U.S. private sector other than as a by-product 
of ongoing USAID agricultural or rurd development projects in some countries. I have observed satellite 
imagery of suspected illicit narcotic crops in Peru, Bolivia, Brazil, Thailand, India, Pakistan, Mexico, 
Columbia, Jamaica, and Afghanistan, but most of the images were not collected as part of a specific 
project to test the feasibility of dstecting these crops from satellites. 

According to a report by Harrison (1986), FAQ had not attempted ar,y studies of opium poppy 
detection using satellite data in the Middle East. The United Nations meeting of experts on remote 
sensing of illicit narcotic crops held in Vienna, Austria, in October 1389 (attended by this author) did not 
reveal my current satellite detection projects being conducted by EAO. However, it is likeiy that a U.N.- 
funded project will be initiated in 1991-1992. 

Two pilot pr~jects using satellite imagery for monitoring poppy production have been conducted: 
one in Thailand and one in Indila. W e r  poppy detection and monitoring projects have been conducted 
i.7 Mexico and Turkey; however, both sf these projects have used aircraft multispectrd scanners, 
Although aircraft system would provide better ground resolution or detail on smdl fields, these systems 
are not available to the Afghani~stan project. The Turkey poppy monitoring project was reported to be 



successful using the multispectral opium poppy sensor (MOPS) ,  but the maintenance and operation of the 
aircraft arad sensor has been very expensive (Harrison, 1986). 

The Mexico project began as a cooperative effort between NASA-Stemis Space Center and the 
Government of Mexico. A complete aircraft (lea jet) and multispectrd scanner system (Thematic 
Mapper Simulator) were supplied to the Mexican government through the project in the early 1980s. 
Appendix A contains tables indicating the best wavebands suggested for poppy detection and some 
t e c h i d  specifications of the Mexican aircraft system. 

If the NACP sponsors decide to proceed with remote sensing and GI$ elements of the project, 
the enclear~r will be a pioneering effort for its intended application in narcotic crop monitoring. Previous 
research presented here suggests that the proposed project would have a good probability of success 
because of the recent advances in satellite sensor technology and the experience of knowledgeable users 
of these technologies. Several private companies md some universities have the necessary equipment, 
sokware, md expertise to pesfom this work. 

Table I is a summary of information that has been derived from a variety of sources addressing 
remote sensing detection of poppy cultivation. Documentation for some of these pro~ects and other 
related literature are listed in the reference section of this report. With the exception of the Thailand 
Study (Appendix B), there have been no GIS approaches attempted for pappy detection at this point in 
time, although the U.N. expert group meeting in October 1989 proposed to test these concepts in pilot 
projects initiated in selected reglow. 

,SUMMm'II OF TPfE U.N. EXPERT GROW MEETING 
ON REMOTE SENSING OF NPhlRCBTIC CROPS 

At its regular 1988 session, the Economic and Social Council requested the Division of Narcotic 
Drugs to organize and hold a meeting of exper& responsible for: 

9 Analyzing the possibility of identifying illicit plantations of coca, poppy, md cannabis on 
satellite images, and defining the processing procedures to be used; 

@ Determining whether it is possible to evaluate, by satellite monitoring methods, the damage 
caused to the environment by these illicit crops; and 

@ identif-ying the costs of analysis and interpretation of the data thus obtained. 

The purpose of using satellite imagery or aerial photography in comectiorr with narcotic drug 
cultivation is to evaluate and locate the areas illegally planted a d  to monitor the implementation of 
policies for h e  intr~~duction of replacement crops. Suppression of traficking was not within the terms 
of reference for the meeting. 

The meeting was held in Vienna in October 1989 (see press reiease - Appendix C ) .  With 
specific reference to opium poppy, some of the opinions and statements of the U.N. expert group are 
sumnraafked below by subject area. 
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Poppy Id2ntificadion Possi biPi ties 

e For the three major illicit crops (marijuana, coca, and poppy), the best cbasace of detection 
by satdlites probably rests with poppy, especially in the drier climates and when more than 
one image can be obtained during periods of key growth. 

e The b a t  situation for crop detection are waken the following conditions can be met. 

1) Pirid climate 

2) Flat land 

3) Larger field sizes 

4) Nonintercropped fields 

5 )  Availability of  good quality, multitempord imagery at optimal periods in the crop 
calendu md when other crops are not in similar growth stages. 

High resolution satellite data available (such as SPOT, TM, KOSMOS). 

7) Good corollary data available concerning historical growing areas, ground truth, 
air photos, other maps, and so forth. 

@ Poppy can be identified best duriag the flowering season: however, flowering lasts only 
about two weeks. In some regions it was suggested that poppy could also be detected 
during the harvest seaon or up to two months after flowering. 

Poppy spectral signature varies by multiple factors md generally is a icene-dependent 
phenomena, although characteristic patterns can be detected if conditions we optimal. 

Growem' Habits 

* Many growers in she Middle Ease have been known to plant poppy in the same fields 
wit!!out rotation or fallow for several yeairs in a row. 

e Whenever efkctive eradication was carried out by law enforcement agencies, poppy 
czllltivators tend to relocate their crops on smaller plots in more isolated and remote 
!ocations in mountains or forest. 

@ In Thailand, there was some tendency for the illicit poppy growers to congregate, making 
detection by remote sensors possible despite the small size of individual fields. 

Finer resolution sensors may be required in areas where field sizes are small. 

e In some cases, detection of a target crap may be possible by association with features or 
activities related tu cultivation rather than by spectral signature alone. 



Crop Calen&r/Blaenoisgic;lB Stages 

Crop calendars should be developed for each study area so that the optimal dates of 
satellite imagery acquisition are known. 

@ Variation in the crop calendar will be controlled by enviromentai conditions (especially 
elevation). Therefore, more than one calendar may be needed in regions with highly 
variable terrain and climate (such as northeastern versus southwestern Afghanistan). 

Visual versus Digital Methods' 

6~ From pilot studies, visual Interpretation of satellite imagery at the approprizte time in the 
crop calendar and digital analysis using the appropriate classifier can allow reliable 
discrimination of illicit poppy fields in remote locations (assuming other factors and 
conditions are favorable.) 

Visual interpretation of enhanced imagery may be at least as good as, if not more 
successful than, digital classification, especially in cases in which there is no unique 
spectral signature for the target crop (for example, nonflowering or eariy growth stage). 
However, the advantage of the digital approach over visual interpretation is apparent when 
indirect clues and GlS attributes can aid in detection and monitoring. A hybr~ci approach 
(such as visual detection or digitizatiow plus GIS database queries) may be feasible in some 
regions for which good maps and information exist. 

Contributions of GIS 

* GIS techniques have been proposed for feasibility studies in crop detection and monitoring. 
The GIS components will depend on the availability of maps (reasonable quality) a d  other 
sources of data. GIS components might include climate (temperature, precipitation, and 
ecological zone); topography (elevation, slope, aspect); surface hydrology; historical crop 
locations; settlements; and transportation network (see Appendix B). 

+ In addition to the GIS, the preparation of crop calendars by region (for example, 
plains/desert and hilllmountain) and characteristic spectral signatures for different field 
conditions and different dates of imagery would be useful. 

@ The primary objective of the narcotic crop monitoring GIs would be to narrow the search 
area and increase the reliability of detection. It is unlikely that all poppy fields will be 
detected "automatically" through a unique spectral signature. The model for the GIS query 
sequence or "expert system" might be first developed by visual andysis performed by 
trained image interpreters who can logically integrate visual clues to arrive at the correct 

Visual interpretation refers to analysis of the image by a human interpreter. Digital interpretation 
refers to analysis by a "trained" computer, using various kinds of enhancement procedures to improve 
3ppeaxance of imagery, and statistical pattern recognition techniques to identify the signatures of different 
classes of land use. 



identification. The model can be updated a new fields are discovered and their re!ational 
attributes are input into the database. 

@ If appropriate funding can be secured, the United Nations plans to implement a project 
(designed by the expert group) to test the feasibility of satellite detection of illicit coca and 
PoPPY. 

@ The specific countries and organizations involved in this project have not been determined, 
but F A 0  will likely be the lead organization responsible for technical implementation of 
the pilot projects. An advisory graup ~ h r  experts will be appointed to as is t  F A 0  with 
technical direction sf the projects. 

Quantifiable results will be obtained through the project, baed  upon statistical sampling 
techniques in regions for which aerial photography or limited visual observations can be 
obtained to verify actual locations. 



SECTION TWO 

FEASIBILITY OF REMOm SENSING TECHNIQUES 
TO ADDRESS NACP MONITORING NEEDS 

CONSIDERATIONS ON THE IDENTIFICATION OF CHARACTERISIlC 
SIGNATURES FOR POPPY IN THE TARGET AREAS 

Previous research suggests that development of spectral signatures can be useful as a method for 
automatic crop detection in many regions. However, there are many factors that will influence the 
amount of reflectance (at wavelength) received by sensors on orbital platforms and spectral signatures of 
the target crop may be difficult to separate from other ground features. 

Poppy crops in various growth stages will have different signatures because the ratio of plant 
canopy to shadow and soil area will influence the overall reflectance in the sensor field-of-view (Table 
2). Poppies intercropped with wheat and other crops will have a different signature compared to pure 
poppy fields. If the poppy fields are very small with narrow boundaries, the crop signature may be 
influenced by surrounding surfaces (hence the mixed pixel effect), especially when the fields are at or 
near the size of the ground resolving area (pixel) of the sensor (Figure 1). 

TABLE 2 

VEGETATIONILAND COVER VARIABLES THAT INFLUENCE ENERGY REFLECTED 
OR EMIl'TED FROM THE LAND SURFACE 

(1) Plant species 
(2) Vigorlage of vegetation 
(3) Density of vegetation 
(4) Ground cover or understory vegetation 
(5) Soil moisture, if exposed soil 
(6) Surface condition, if exposed soil 
(7) Soil Characteristics, if exposed soil 
(8) Slope, if pronounced 
(9) Aspect, if pronounced 
(10) Characteristics of inert materials 

PREVIOUS PAGE BLANK 



me b e t  chance for a unique signature is probably during the flowering stage, and at maturity .just 
before harvest time. Only the bestquality data (tow cfouds, low haze) should be acquired. Atmospheric 
and radiometric corrections should be applied to each sensor data set. Image enhancement teehniqnies 
(such as b a d  rtioing) may highlight the appearance of poppy compared to other crops. llrese 
techniques skmould be evaluated early in the project. 

M u l t i s g ~ a l  signatures for poppy should be developed specifically for the different growth stages 
ahld conditions in Afghanistan. The spectral r e f l ~ t c e  of pappy or any oehpx crop is not universal and 
varies in accord with the factors discussed earlier. Therefore, the signature devetopment and analysis 
procedure must be repeated for every new satetlirte scene analyzed. This is a routine process md is not 
a prsblemic or arduous task. It is simply part of the sequence of processing and analyzing the satellite 
data for detection and mapping of crop Bseatiaw. 

1. Develop crgp calendar for different regions in Afghanistan (northeast and southwest). See 
P&stan example: for thc Dir district (Figure 2). 

~ 2. Acquire bat-qudifgf imagery at optimd time in crop calendar. 

~ 3* Perform preprocessing (amospheric, radiometric. and geometric corrections). 

~ 4. Perfom image e&ancemen~ for visual interpretation of imagery. 

~ 5. b a t e  bown fields on imaged for supervised training, if possible. 

6,  If more &an one pwrPth stage is present in tghe imagery, tocate several exampies (and 
repHtiom) .Esr supenra  training. 

7. Draw plygom hteraaive on image display around poppy Uaining sites and code suspected 
growth stage. 

~ 8, Pick trainii~g s i t s  fur urtxer aops/eover types in local meas. 

signatura and evaluate divergence or st;illisticilil separability . If 
mu8tidaPc: imageq avaiiatrle, do the sane far each date. 

10. Use \~%upemis& ci;~~%if C ; ~ O ~ O ~ E  to seatiti5 $1 a~aif@cuIbral sites* Combine ;statistics prior 
XI cl;rsssif 6ihtion or merge strau &er cEatssifie~ioa. 

11. PerPnm idwendent ~visud iiinterlprwaisn on @&me& intitgee (use trained inteltpraers), 

19, Ev3u;are crop clwsssification rwu;f~; deternine mast appropriate techniques and apply to hi1 
swam or subsas of prolbhle suEaivatisn zones. 



Figure 1. Wheat and poppy intercropped. (Source: National Geographic) 
BEST AVAILABLE COPY 
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Figure 2. Crop calendar for DIR district - Pakistan. 



Visual Interpretation 

me details of digital image andysls or image pattern recognition may be 6iEcul.t for a lay person 
to understand because the fundamental ideas, concepts, and technical jargon are grounded in ~ u i h  fields 
as physics, d sciences, mathematics, and computer a d  mapping sciences. However, some elucidation 
on visual interpretation techniques may help the reader to understand the subtitles of identifying 
characteristic "spectral signatures" of poppy fields in the MAGP target areas. 

Human interpreters employed on the NACP must knaw the study area or have experience in photo 
interpretation techniques to h o w  what to look for at different stages in the crop calendar. If imagery 
is collected during the flowering season, then the "spectral signature" as manifested by the visual 
appearance of poppy fields can be expected to be similar throughout the scene area. iff imagery is 
collected at other growth stages, the poppy signature will look slightly different than it did during the 
flowering stage, because the reflectance contribution of flowers is different from leaf rnateriai and pods. 
The advantage that human interpreters have over computers is their ability to use reasoning processes and 
subjective ierssociations. Interpreters will key on co11or, texture, shape, size, pattern, and association for 
object identification, md these characteristic features for poppy and other crops will be variable 
throughout the crop calendar. The poppy appwance on the image will be dependent on the date (grow* 
stage) and quality of imagery being interpreted or digitally processed for computer pattern recognition. 

As suggested earlier, the flowering stage (Iate March to early April) is the optimal data acquisition 
period; it will offer the best opportunity for a unique poppy signature and best chance of success in 
identification. 

The ground truth operation is important for verification of poppy mapping accuracy, but the ability 
to access crop locations may be limited, The field team should attempt to doca&ment the Iocation of any 
known p o p y  field during routine field work. The location sf tfie fields should be plotted on a map (as 
best as possible) or the field location should be recorded using a Global Positioning System (GPS) device 
(if available). Ground truthing needs to be done in two phases. Ground observations are needed in the 
test phase to locate a suitable number sf poppy fields to train human interpreters and computers in 
identifying the characteristic "signature" or appearance of the crop. Also, other crop fields such as wheat 
should be identified during this stage for training purposes. 

The second phase of ground truth observations is necessary to support mapping accuracy 
verification and msnixor the success of poppy elimination plans. Ideally, these poppy fieads should 
represent a random or unbiased representative sample of the totid number of suspected poppy fields that 
have been identified using remotefy sensed techniques. The field Iscation would be plotted on images 
or maps and provided to field team for location and identification of the actual land cover that appears 
at the site. This procedure, however, has some difficulties. First, many of the fields randomly selected 
may not fall in area that can be visited by ground personnel (far Iogistical, access, or safety reasons). 
Second, the crop or land cover identified by the ground crew may not be the same as that present when 
the image was taken. It is likely that the ground crew will not have the crop location maps during the 
same s e w n  that the crop was imaged by satellite. A considerable lag time fur data acquisiticrn, 
processing, and generation of map products (a few months) can be anticipated. Realizing these problems, 
the field t a m  will have to use their own discretion in locating poppy fields and concluding if the 
suspected site was planted in poppia when the sateilite data were collected. Some alternative system rnsy 



need to be devise0 for working out the ground tmthing procedures once h e  constraints anif logisticd 
matters are identified during the m x s e  of &e project. 

Air& hagm earn be nuled out for AfBanistan because of security risks and other factors that 
a f f a  operational use of aircraft sensors. Pakistani aircraft, usd within Pakistan air space to collect high 
rwfution air photos over poppy fidds, would be useful for testing an8 training computer and human 
intqr&ers. Lmdsat-MSS (miatlaispad sensor) data does not have the required spatial resolution for 
pppy  detection (see examples in Appendix D) but older MSS data might be considered for merging with 
recent TM (after gm-referencing md resampling MSS and 'I34 to 50 meters) to establish change- 
detection (estimm md the location of pemanerat or new fields. 

NASA space shuMe hand-hdd photography may be available for the Afghanistan-Pakis;9n border 
and its the Sou& Helm=$ Province. The s d e  is smdI but the quality of the photography is gaod so that 
errlapgemenits a n  be made at faidy law cost (see information in Appendix E). This photography colllected 
between 1981 ;tnd 1989 might be invstigated for its potentid utility in visual interpretation of historical 
poppy cultivation activities. Also, KOSMOS (Soviet) imagety has been acquired for Afghanistan and 
Pakistan but the quality, availability, iend dates of this imagery are udmown (to this author) at the time 
of this writing. The ava2abaiq sf the KBSMOS imagery could be investigated for potential application 
by the NACP (Appendix F). This author, however, strongly doubts that eeithzr KQSMOS or space shuttle 
imagery would be a suitable primary data source for the remote sensing needs of NACP. 

The two most likely mrmunerciail sources of imagery are the U.S. Landsat-Thematic Mapper and 
the French SHDOcjF-muleispecdrd dam. A mmputer search of atvaitilhie imagery kom both sources has been 
c o n d u d .  G d - Q U ~ ~ Q ,  nearly cloud-fee imagery from SPOT exists in the archives for dl of 
Afghaslistan and P&istarm. 'Fae availability of Landsat-TM data is Less certain for eastern Afghanistan and 
?&istan because it has been necessary to order the: data from ghe Hyderaibd India receiving station. "The 
situation with the Hyderabd station wiH be discussed later. 

Table 3 provides a comparison of seasor characteristics and Table 4 lists relative advantages ~f each 
sensor for various project considerations. Landsat-TM may be favorable because of lower overall costs, 
less processing time required and superior spectral rmtution. SPOT data has advantages over TM, 
where field size is very small in some provinces. If visual interpre~tion of high resoluiion imagery is 
the most successful deaetion ~echnique: (based on a test case) then SPOT-X or KOSMOS (if available) 
may be a viable data choice. It is possible that both TM and SPOT data will need to be processed, 
depending upon which sensars provide the opiimal dates a d  best quality coverage (low cloud cover) for 
specific areas. 
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D INATION OF SIZE POPPY FIELD T 
OUS CONDITIONS 

%he minimum-size poppy field that can be detected is dependent upon four major factors: 

* Spatid resolution of the sensor (minimum she of area in sensor field of view); 

e Spectral resolution of the sensor (sensitivity of sensor to different wavelengths of reflected 
light); 

8 Spectral separability (uniqueness) of mget crop tiom other crops; and 

e Average size and shape of target fidds specially in relation to 1, 2, and 3 above. 

The f i s t  two factors are fixed for each sensor, with the spatial advantage going to SPOT and the 
spectral advantage going to Landsat-TM. The third factor depends upon synchronizing the data 
acquisition with the ~ptimal crop detection period (march to mid-April in southern Afghanistan). The 
fourth factor may be the most limiting when the average field sizes are very small (for example, one-third 
of a hectare). 

@ One TM pixel covers an area of 900 square meters or .09 hectzes. 

@ One S P O T p k l  avers  aa area of 400 square meters or "04 hectares. 

@ For SPQT data, the assumption is being made that multispectrd data will be required (20-meter 
resolution) for crop detection. 

According to Owens and Clifton (39721, the poppy fields range from about 2 - 1  hectares in size. 
On the Isw end, a fieid size of .2 hectares is sligbtly more than one-half sf an American football field. 
Ome-fa-e fields are approximately three times the size of axn American football field. 

For detection of a single poppy field, a minimum of four pixels will need to fall within the 
boundaries of the, field (if square) or at least two pixels within the smaller dimension sf  ttre field width 
(if rectangular or curvilinear). The assumption here is ohat smaller, narrower fields (2 pure pixels in 
width) will be difficult if not impossible to identify positively becmse the boundary p k b s  might cause 
mixed reflectance when they do not fail completely witbin the field. The spectral signature of the target 
crop must be fairly remarkable (as poppy would be during flowering and perhaps at full leaf maturity) 
to be separable from other crops or cover types in these small fields. The four-pixel requirement suggests 
that the fieid size would need to be at Ieasc .36 hectares arad .I6 hectares respectively, to be detectable 
by Lmdsat-TM and SPQT. 'Ffais is m educated guess aind not an absolute limit. If we assume that the 
average field size in Afghanistan is approximately .5 hectares (if ?he range is .2-1 hectare), then mast of 
the poppy fields should be large enough to be detectable with Ladsat-TM or the French SPOT satdlite 
under optimal conditions. As a general rule, the accuracy of detection will decrease as the field size 
decreases and as the amount of intercropping increases when fields are near the minimurn size. Previous 
work in Thailand and India suggest that visual interpretation may be more successful than digital 
classification when small fields and variability in growth stages or intercropping are encountered. 



OF L m S A l = . m  DATA FP1.0wile 
AD SATELLITE REC'E?Td][NG STATION 

Representatives of EOSAT Corporation (distributor of Landsat data) claim &at any Landsat imagery 
avaiiable from the Hyderabad station in India can be acquired by EOSAT-U.S. The turnaround time 
from ordsr to receipt of data is ur~cetain and EOSAT charges a 30-percent surcharge to handle the order. 
Good quality, nearly cloud-free TM imagery is available for most ~f western and central Afghanistan. 
However, at the time of this writing, EOSAT was not able to provide a computer listing of Landsat-TM 
data for the blackout area (outside the Riyadh, Saudi Arabia station range) in eastern Afgha~istan and 
Pakistan (Figure 3). Apparently, Earthsat Corporation (a DAI subcontractor) has pUi-ch%& Landsat data 
directly from Hyderabad with only a six-week turnaround. This would be an acceptable turnaround if 
it could be repeated in future acquisitions. 

According to EEOSAT, new eegotiatiom are underway to establish a Landsat sales agreement with 
the Pakistan receiving station.' EOSP.7' anticipates that stme service to the United States and international 
users will be mare reliable (than Hyderabad is now) through the Pakistan station in the near famture. It 
is uncertain how recent political events in Pakistan will affect the progress EOSAT has made concerning 
the sales agreeme~lt.~ However, Earthsat Corporation may have circumvented the TM data acquisition 
problem through a "letter-af-crdilt" and arrangements for a hired agent to facilitate data acquisition with 
the Myderabad sta~ion.~ Earthsat i s  also checking into similar arrangements with the Islamabad receiving 
station in Paki~tan.~ 

Landsat-TM and SPOT Data Cmit Estimate for Coverage of Afghanistan and Pakistan 

Data Acquisition Cost 

Data a v d h i l i q  from commercial sources was discussed previously. Costs of data procurement 
can be made with a few assumptions in mind. For practical reasons it is quite likely that data will be 
acquired for o d y  a portion of the Imd area where poppy is known to be cuitivatd or cultivation is 
possible as a result of enviromentinlt suitability. It is probable that multidate coverage will be desirable 
for some high-priority poppy growing areas. Data acquhition costs for TM data are approximately 
$ 4 , m  per scene. SPOT data costs are $2,208 per scene for approximately one-ninth of the area 
coverage of a TM scene (see Table 3 md Figure 4). The cost of Landsat and the French SPOT-X data 
will be estimated for one-time complete coverage. Tables 5 and 6 provide the total number of scenes and 
approximate cost that would be required to provide complete one-time coverage of Afghwistm and 
Pakistan from Landsat-TM and SPOT-X respectively The estimated coverage and cost for the three 
poppy growkg regions of Afghanistm are also providd. 

! Persond communication, Tony Shupin - NE U.S. sdes manager, 8/7/90. 

Recent events suggest EQSAT procurement from the Bskism receiving station will be possible. 

Personal communication, Kevin Howald - Eartfrsat, 8/27/90. 

Persond communication, Roger Mitcltr,eJII, EarthsatCorpsration, 9/14/90. 
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Figure 3. Landsat 415 receiving station coverage (source: EOSAT Gorp.). 



Figure 4. 

SPOT 

a. Comparative area coverage of Landsat and SPOT satellite 
scenes a t  1:1,000,000 scale. 

b. Comparative Landsat MSS, TM and S P m - X  pixel size 
plotted a t  1:5000 scale. 



South Provinces 
( K a n d h r ,  IEiIelimandl 

Northeast Provinces_ 
(BacWshan, T d a r ,  

Kmduz, BagMan) 
East Provinces 

(Naragahar, Kunar, 

1 Table 6. SPOT' - X Data Acquisition Costs 11 



h some cases, the scene coverage o f  one province overlaps another and the scenes required to 
cover Afghanistan would overlap part of Pakistan along the border (see Appendkx G ) .  If TM data for 
d l  three provinces were acquired, the total number of scenes would be reduced by two scenes. Also one- 
quarter scenes can be ordered if the whole scene is not needed, however, the price is ody  one-half off 
tfme entire scene (or $2,000). 

SPOT data acquisition costs are not as simple tc estimate (compared to TM) because SPOT 
Cerporation does not provide ladex maps cif orbital track with scene centers to allow exact coverage to 
be easily determined. For an approximate estimate of cost, the total area of the countries or provinces 
MI be divided by the data cost per SPOT scene coverage area. 

The estimates in Table 6 are low because they assume that the total number of spot scenes fall 
perfectly within the boundaries of the country with no overlap (which is not the case). Considering that 
some scenes will overlap others and that extra scenes would be needed along border areas to ensure 
complete coverage, the toaal mst figures listed for SPOT data should include an additional 20 percent. 
The revised data acquisition costs for the three NACP target areas would be $102,960, $52,800, and 
$36,960 for the south, northeast, and east provinces, resgectiveIy. The data acquisition costs could be 
reduced substantially if the geographic zones in which poppy is grown were well known, thus limiting 
data acquisition to a smaller region (Figure 4). 

Data ~ ~ s i r m g  Cost 

Data processing costs are more difficult to estimate compared to data acquisition costs. It is 
uncertain how much of the work effort would be divided between junior- and senior-level personnel, and 
salary rates for personnel involved could be highly variable; therefore, labor hours will be estimated 
rather than dollar amounts (Table 7). Some factors that might influence the cost of processing the 
satellite data from beginning to end (output products) are listed below. 

1) T'otai area to be processed in each computer run ( o r  example, multiple stem merged or each 
scene processed individually). 

2) Type of hardware and software and processing sped  and efficiency. 

3 )  Experience level of image analysts. 

4) Level of detail or number of processing steps required to produce fial output. 

5) Type and number of output products required. 

6)  Amount and nature of outside services required to perfo,m special processing tasks. 

7) Inciusion or exclusion of GIs components (map digitizing, md extra processing for GIS data 
layers). 

8) Choice of visual or digital processing methods. 

9) Choice of single date or mltidate processing. 



Table 7. Satellite Date Processing and Analysis Costs 

(a) pre-processing 
(b) classi5cation 

- 

(dl grouping of classes -10 

lZ3. hZdCBgP)8h 
(a) interpretation 
(b) comparison with the ground 
(c) revisi~n 
(dl digitization of l a d  cover units 

2. GES Functions 
(a) digitizing maps 
(b) distance &om roads, settlements, 

etc. 
(c) combina~on of layers .SO 
(d) spatial analysis .50 

3 -2 
3. Multitermapsd Analysis (Digital) 

(a) data rneqgirndpre-processing -30 
(b) comparison of dates/image differencing .20 
(c) change dassificatiorn/cmp monitoring -30 

-- .80 
4. Accuracy Verification 

(a) sample selection 
(b) photo interpretation 

comparison of image/ground data -30 
(d) calculation sf % comectlerror matrix . 10 
(el analysis of results -20 

1.3 
5. output 

(a) crophand cover map -20 
(b) potential zones of crop occurrence .20 
(c) tables a d  graphic data -50 
(dl crop mapping on visual image .20 

background 
(e) change detection 

TestdEvaXuation Phase Task 1-5 7 3  Person Month 
Task la-5 8.6 Person Month 

Operational Phase Task 1,2,5 5.7 Person Month 
Task la,2,5 6.5 Person Month 



10) Choice of sensor data to process (such a TM or SPOV. 

11) Total number of scenes and she of area PO be processed. 

Each project area could be completed by two people (one digr4iza;inglGIS and one renote sensing) 
in 3 4  months (after receipt of satellite data and maps). However, the time schedule estimates (Table 7) 
are conservative. It is likely ahat a qualified contractor muid streamline the data processing to produce 
output products in two month or iess. A field team (2-3 people) would be needed in the testEevJua~orr 
phase. It is recornended that a testfevaltaa~ion phase precede an operational phase of crop detection and 
monitoring, 

The estimates of data processing work eEort is on a per-scene or per-area basis. Portions of 
adjacent safellite scenes can be mosaicked and procased as one large data set, This would require &at 
each satellite scene be zit or near the same date, md &at a~rspheric/r9dIome~ic correctism are 
pedononed c r i ~ i  to digital classification. Problems with geometric correction can be anticipated for 
regions with very mountainous terrain. 

c o m m  
OF ImGIikTLNG A POPPY CROP GIs T%I]E 

AGRHC SUPPORT SECTOR GXS 

The application of satellite remote sensing may be the only feasible ippsoach to monitor poppy 
production ifll Afgharristan because other approaches (aircraft or extensive ground surveys) are not viable 
alternatives for reasons discussed earlier. Remote sensing mQ gmgapbic inforanation system are 
compiemen.h;argr techncdogies &at can became valuable tools to facilitate crop inventories, and suppo& 
infamation management and decision making in the agriculture sector. 

Previous work ;a illicit crop monitoring proje~"tS suggest that 951s cam offer the following 
advantages: 

e Nmows the search area; 

o Provides corollary data that may help in crop detection by providing direct clues to crop 
location; azmd 

@ FaciSitates long-term crop mnitoring, prdistive yield modeling, and map updates. 

Development and maintenance o f  a GIs is expensive md might be justified if tbe implementation 
of GIS results in improved problem solving and decision making. A common method employed to justify 
new equipment or technologies is cost-benefit analysis. Cost-benefit analysis applied to GIS 
img'Iementation is a difficult and perhqs inexact evaluation method because many of the benefits of GIS 
may be intangible. For example, how does one quantify the benefit of improvd 4ecision making? Costs 
of GIS imdiation, maintenace, Iabr ,  md so forth, can be easily determind. Benefits fdf grirnamrily 
into three categories: improved efiIciency, improvd defstiveness, aFnd intangible benefits. 

Irnprv~c=~r~en in efficiency might result through the mount of time and labar saved in doing the 
job. Tlae value of improved decision making ithrough ificreastxt anaiytic capability or access to better 



S u m r ~ o n  wdd be a mal t re  of eE&vene~~, Inta~tgible benefits %;wet highly qualitative, such a% 
discovefiog sew or unkrzown kfomtioam or we% of the infamation; being &Ee ts cope with unexpectd 
wm.eS: can be evduatd by GXS; or finding utility in &e GIS beyond what was required @isley and 
M d ,  S9w. 

In the w e  of the NACB project, the devdopnent and impIemenr%uion of GI$ should probably not 
be consielaed in isolaition frsm the deveiopmerta sf GIS for the A f g h ~ s ~  Apicdturd Sector Suppapt 
Prajm, There will likely be some attributes of ASSP's GllS that couid be used in developing a (GIs for 
poppy amp m o ~ m ~ g .  When sarellite is process4 and land us:: (types sf aucorlbrat) maps 
are derived fix tfre ASSP, it shouId fie easy to incorporate the necessary image analysis steps &at wouitd 
result in p d u m  useful far poppy mamitorbg. Tbis dud purpose proming  would only be necessary 
far satelif ite scenes &at t;ncomp;pss the known or potentiat pppy  @owing regiam, assuming they are a 
subset of the scenes needed for the ASSP. Even tkaough ASSP activities will wk take place: in known 
p p p y  grducrion areas, a dupliaiort of effort and expense in builtding a GIs for each project is 
undesirhle. 

The development and maintemce sf any GfS requires experiencd and trained personnel, 
Inst imiad ap&i!ibe of the users wiB1 deernine whaher the effective utility of the GZS is possible. 
Many foreign imtitutians may nct be in a fawra$le situation to devdop GIS apabiIity within their own 

ion. merefore, the Iong-tem gads an69 information needs of any project must consider whether 
she CLS sap&ilities will evenbdly reside within the host organization or whettner wntracting out the GIS 
setvices is acceptable over etme shon or long tern. Tkae are instituriand decisions that this authar cannot 
address, but they me impomr criteria fox h e  project planners tto decide in the forrnulative stage. 
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FOREWORD : 

PURPOSE : 

TEST AREA: 

TEST FIELDS: 

THMIF-ZG: 

PARTICIPANTS: 

- 

PERFORWNCE : 

1982 

TEST PLAN 

MEXICAN POPPY DETECTION SYSTEM 

SYSTEM ws DESIGNED AND OPTIMIZED TO DETECT Powr FIELDS 
OF 1/4 ACRE IN SIZE WITH 60% GROUND.COVER IN THE ENVIRONS 

OF SINALOA, MEXICO, 

TO VALIDATE THAT THE SYSTEM MEETS THE DESIGN CRITERIA 
(SEE AVTACHMENT 

SINALOA, MEXICO 

NUMBER - NOT LESS T U N  10 IN VARIOUS TYPES OF TERRAIN 
(STATISTICAL VALIDITY REQUIRE A GREATER NUMBER 

OF FIELDS, HOWEVER, THIS IS NOT CONSIDERED 

POSSIBLE AT THIS TIME). 

MATURITY - 60% GROUND COVER AT T fME OF TESY (FIELDS 
WOULD HAVE TO BE SAVED FROM ERADICATION FOR 

-n 3 WM7HS) . 
... .. -- ,, , ACRE OR URGER 

ACCESSIBILITY - ACCESSIBLE EY HELICOPTER FOR GR3UND TRUTH 

BY U.S, AND MEXICAN TEAMS. 

GENERAL - FIELDS MUST BE IN SUNLIGHT AND NOT INTERPCAMTED- 

GREATEST POSSIBILITY FOR MATURE POPPIES I S  LATE MARCH OR 

EARLY APRIL (FIELDS WOULD NEED TO BE IDENTIFIED IN JANUARY 

AND AhLOtlED TO GROW TO NEAR MATURITY) 

MEXICAN SYSTEM TCAY 

MEMBERS OF URVE 
MEMBERS OF NASA PWM 

QOS REPRESENTATIVES 
GOM REPRESENTATIVES 

THE TESY SHALL BE SUCCESSFUL I F  THE SYSTEM MEETS THE MANDATORY 

REQUIREF?ENTS IN THE ATTACHED SYSTEM SPECIFICATIONS 



1 .  FREQUENCY OF COVERAGE 

2. ACCURACY OF ESTIMATES 

TQTAL ACREAGE/PRQDUCTION 
LOCATION OF FIELDS 
S I Z E  OF S I N G L E  F IELD 

3.  MINIMUM DETECTABLE F I E L D  SIZE 

SYSTEM SPECIFICATIONS 

f 2 0 %  
1640 FEET 
t 1 5 %  

0,247 ACRE 

4, P L A N T I N G  DENSITY 60% 

5. FALSE ALARMS* 

FALSE P O S I T I V E  
FALSE N E G A T I V E  

6 ,  SCALE OF DATA PRESENTATION 1 :250,080 

7, ClAX IMUM RESPONSE TIfilE, TOTAL 

S P E C I A L  TARGET1 NG REQUEST 
DATA I N  HANDS OF U S E R .  

6 DAYS 

48 IIOURS 
96 HOURS 

01:s I R E D  ---.--- 

ON DEMAND 

f10% 
656 FEET 
25% 

2 DAYS 

24 HOURS 
24 HOURS 

8, SYSTEM AREA COVERAGE/SORTIE 463 SQ. M I L E S  965 S Q .  M I L E S  

9. SECURiTY C L A S S I F I C A T I O N  OF 
OUTPUT 

U N C L A S S I F I E D  U N C L A S S I F I E D  

PERCENTAGE OF F I E L O S  ACTUAI.1-Y PRESENT, 

TAB1.E 1 : OPERATIONAL CAPAOIL I T Y  REQIJIREMENTS FOR AN OPIUM POPPY DETECTION 
SYSTEM, AS DETERMINED 13Y TllE AD-IIOC CQEIPI1lTTEE 



Appn&x B. Thailand poppy @IS data base flow (source: Galtier et  d. 
1989). 



cmspon- to 
one 1/50000 sheet 

Figure 4 : Chart  of irnazt? processing at AXT 

L - : product L* - processing 



Appendix C ,  UN Expert Group meeting announcement on remote sensing of 
illicit narcotic mops. 



UNITED NATIONS NATIONS UNIES 
Information Service Service d'inforrnation 

.U inforsnatfan - not an ~ff icial  & c u m 2  Zuo Information - kein offizielies Dok~.ment Pour informarion -document sans camctPre offic~el I 
mISma42 

24 October 1989 

BY SATELLITE OPENS AT WCEETU 

VTENHA. 24 Qctober QUW Infomation Senrice) - Detection of illicit 
narc~tic crops by satelkite OT aerial pPaotograptLy is the focus of a week-long 
expert group meeting which ~pened yesterday at the V i e n n a  International Centre. 

Organized and convened by the Division of Elascotic Drugs with financial 
support from the United Hations hn%d for Drug Abuse Control, the Expert Group 
Meeting on the Detection of 11Picit Narcotic Crop Cultivation by Satellite 
aims at determining in ass objective and sciensf ic manner the feasibility and 
cost of identifying the coca bush, opiwm poppy and cannabis plant by satellire 
or other remote sensing technology images. 

The meeting will also address the queseon of assessing envirmmeatal 
damage caused by illicit narcotic crop cultivation an$ estimate the c o s t  of 
analysing a d  interpreting the information so obtained. 

Welcoming the experts, Francisco Ramos-Galko, Director of the Div%sion of 
Narcotic Drugs, said k t  before making concrete plans for  interdicting illicit 
drug trafficking, particularly w%th respect to eradication of illicit QEEFCO~~C 
plants, it was essential to Rave full r&mowledge sf the extent of i l l i c i t  
narcotic crops and the places where they are grown. 

The meeting is organized purmant to E c o n d c  and Social Council resolu- 
tion 1988/9, in which the Council requested the Division sf Narcotic m g s ,  in 
collabo~at ion with development assistance bodies and other agencies ~ 5 t h  
relevant experience to support survey and narcotic crop monitoring efforts 
using such technologies as high-resolution satellite imagery and aerial 
photography. The financing of the meeting bas been made partly from the 
regular budget of the United Nations and partly  through a special earmarked 
contribution received from the United States of America through the ffnited 
Nations Fund for D r u g  Abuse Control. 

Attending &he meeting, which is scheduled to conclude on 27 October 1989,  
are experts f r a m  Bolivia, Brazil, Canada, France, India, Liexico, Pakistan, 
Thailand, Union of Soviet  Socialist Republics, United Kingdom, United States 
of America as well as t h e  Food znd Agriculture Organization. 



Appendix D. Satellite image spectral and spatial resolation comparisons 
Isowce: USGS). 



I ~ S ~ P  . 19%) CNFS Sun City 



Landsat TM 130 meter) meraed with SPOT Panchromatic (1Q meter) wound resolution Bands 4,3,1, and faan 

Sun City 



- -- 7-- 

Landsat Multispectral Scanner (MSS) 75 meter ground resolution Bands 4.2. and f 

Sun City and Northwest Phoenix 



1 : 100,OW-SCALE (3.33 pixelslmm) 
Landsat Thematic Mapper (TM) 30 meter ground resolution Bands 4, 3, and 1 

Sun City and Northwest Phoenix 



Appendix E. 1. Space shuttle photography acquisition infomation. 

E, 2. Large format camera photography acquisition - Chicago 
aerial. survey. 



SPACE SHUTTLE HAND-HELD EARTH OBSERVATIONS 

PHOTOGRAPHY COMPOSITE COVERAGE MAP 

STS-1 THROUGH 61 -C 

APRIL 12, 1981 THROUGH JANUARY 18, 1986 

CAMERAS 

Linhof Aero Technika 45 and Hasselblad EL/M cameras were used to obtain 
hand-held Earth Observations photographs on the first twenty-four shuttle 
missions, STS-1 through STS 61-C. These missions began on April 12, 1981 and 
ended on January 18, 1986. Most of the film used during the missions was 
Kodak Ektachrome, although a few rolls of Aerochrome Infrared and panch- 
romatic black and white film were tested for effectiveness. The Linhof camera 
had interchangeable 90mm and 250mm lenses. The Hasselblad cameras had 
interchangeable 80mm and 250mm lenses on the first flight, STS-1. All later 
flights carried interchangeable 50mm, 100mm, and 250mm lenses. 

% 
3 COMPOSITE COVERAGE MAP DESCRIPTION 
b 

?2 The Composite Coverage M a p  shows the locations (dots) of approximately 
P 
b 32,000 hand-held Earth Observations photographs obtained during the first 

? twenty-four missions. Most of the positions represent photographic center 
nr points which have been located on a map. When a ph~ tog raph  could not be 
0 

Ob located, it is  represented by the nadir position of the Orbiter at the time the 

T photograph was exposed. 

MAP FUNCTION 

The purpose of this composite map i s  to show the density and distribution of 
hand-held photographic coverage of the world during Missions STS-1 through 
61-C. It is  designed to serve as a general guide to available photography and 
as an aid in planning hand-held Earth Observations photographic coverage 
for future Space Shuttle missions. However, in order to identify and select 
photography that may be useful for specific applications, i t  is necessary to 
search individual mission maps and cati.logs for roll and frame numbers. 

PHOTOGRAPH SOURCES 

Earth viewing Shuttle photography may be obtained from the following sources: 

U.S. Geological Survey 
EROS Data Center 
Sioux Falls, SD 57198 
Telephone: (605) 594-6 1 5 1 

Technology Applications Center 
I lniver<ih/ nf N\lp\w Mnv;rn 





Background E - 5 

Astronauts have used hand-held cameras to 
photograph the Earth for nearly 25 years, 
beginning with the Mercury missions in the 
early 1960's. Since 1981, Space Shuttle astro- 
nauts have taken more than 37,000 photo- 
graphs with the Hasselblad Model 500 EVM 
and the Aero Linhof Technika 45 hand-held 
cameras. About 85 percent of these photo- 
graphs are Earth-looking views. The rest show 
satellite deployments, extravehicular activities, 
and astronaut activities in the cabin. 

Astronauts are trained in scientificobservation 
of geological, oceanographic, environmental, 
and meteorological phenomena. They are 
also instructed in the use of photographic 
techniques and equipment. Training helps 
the astronauts make informed decisions on 
which areas and phenomena to photograph. 
Specific areas of scientific interest are selected 
before each flight by a group of scientists. 
The astronauts receive intensive training and 
in-flight aids to help them locate these sites. 

Photographic Characteristics 

Most of the photographs are in natural color, 
although a limited amount of black-and-white 
film has been used with polarizing filters. 

L%%wi Beginning in 1983, a small amount of color 
infrared film was tested on some missions. 

Three lenses (50 mm, 100 mrn, and 250 mm) on 
the Hasselblad cameras and two lenses (90 
mm and 250 rnm) on the Aero Linhof camera 

. . offer a wide variety of both areal coverage and 

. . spatial resolution. The Shuttle flies at different 
altitudes; for example, on the first 24 missions. 
the altitude range was between 204 and 555 
km. (1 10 and 300 nautical miles), which adds to 
this variation. Table 1 offers a guideline to the 
areal coverage provided by the photographs. 

Table 1.- Approximate distance 
across a vertical photograph taken 
from an altitude of 296 kilometers 

(160 nautical miles) 

Camera Lens Distance 

Kilometers Nautical 
miles 

Hasselblad 50 mm 325 175 
100mm 165 90 

2 W m m  65 35 

Aero Linhof 90 mm 310 x 395 170 x 215 
250mm 110x145 60x75 

A rule of thumb is that the 100-mm lensoffers 
spatial resolution similarto that of the Landsat 
multispectral scanner (approximately 80 m) 
and the250-mm lens has resolution similar to 
that of the Landsat thematic mapper (approxi- 
mately 30 m). 

For most Shuttle missions, the orbital tracks 
cover the tropical and temperate regions of 
the Earth between 28' N. and 28O S. latitude. 
Nine Space Transportation System (STS) 
missions have flown at higher latitudes, with 
the orbits of STS Missions 9,41-G.51-8, and 
61-A extending to 57O N. and 57O S. latitude. 
Repeat coverage of an area is obtained by 
acquiring photography on several missions 
and/or by taking photographs from different 
viewing angles during a single mission. 

As a result of the Earth's rotation and the 
Shuttle's orbit duration (approximately 90 
minutes), an area may be photographed at 
different Sun angles during a single mission. 

Stereoscopic coverage is available for a 
number of areas. 



LJses for the Photography 

The Shuttle hand-held photography fills a 
~ iche between the coverage provided by aerial 
~hotography and that of unmanned satellite 
.canners and complements these two familiar 
31'11101Y will1 oddlllonol I~~forrnatlon. Tlro ablllly 
) f  Ihe trained astronaut to rapidly identify and 
~hotograph important phenomena on the Earth 
nakes the Shuttle photographs unique. Near- 
eal-time information exchange with the crew 
acilitates the recording of current events of 
mvironmental, geological, oceanographic, and 
neteorological importance. 

'hotographing at various Sun angles highlights 
r~fferent geologic features and takes advantage 
f sun glint to show intricate ocean structures 
rid landlwater Interlaces. Crltlcal envlron- 
lental monitoring sites are photographed 
apeatedly over time; some have photographic 
;cords dating back to the Gemini and Skylab 
lissions. Earth-limb pictures taken at sunrise 

TS 5 1-6 Commander Bob Overmyerphotogropltlnq Iho 
: r r l l ~ .  ( 5  1 D-05-000) 

and sunset document the changes in  the 
Earth's atmospheric layering. Volcanic activity 
is monitored In cooperation with the Scientific 
Event Alert Network of the Smithsonian Institu- 
tion. Meteorological phenomena are monitored 
and photographed during Space Shuttle mis- 
alorrs. Documonlallon of hurrlctlnas, lhunder- 
storms, squall lines, island cloud wakes, and 
the jet stream, complements meteorological 
satellite data by offering better resolution and 
stereoscopic coverage of such phenomena. 
The photographs can be used in geologic 
mapping and in  updating existing maps. 

Obtaining Information 
on Space Shuttle Hand-Held 
Photography 
Each frame of the hand-held Shuttle photog- 
raphy has a set of descriptors to help the user 
understand the photographic content. This 
information is available in a set of catalogs or 
through an automated data base search. 

Catalogs- Catalogs of the photography for each 
Space Shuttle mission can be obtained by 
contacting the Earth Resources Observations 
System (EROS) Data Center. 

Data Base - A computerized data base contairling 
more than 15 descriptors for each frame of 
Shullle Earlh-looklng phologruphy hue beon 
compiled. Adata base query can be made through 
the EROS Data Center. 

Vlewlng Centers - The photographs can be 
viewed on microfilm at National Cartographic 
lnformation Centers; the Technology Application 
Center, University of New Mexico; the Lunar 
Planetary Institute, Houston, Texas, and the 
Library of Congress, Washington, D.C. 

Vldeo Dlsk - The Earth-viewing photography 
from the first 24 STS missions is available on a 
vidoo diek lhrough Iho Smllheonlon Inelllullon, 
Washlnglon, D.C. 

Ordering Photographs 
Prints, slides, and transparencies of STS Earth- 
looking photography are distributed through 
three agencies. The primary source of the data 
is: 

Eros Dolu Corlter 
User Services Section 
Sioux Falls, South Dakota 57198 
Phone: (605) 594-61 51 
FTS: 784-7151 

Other sources are: 
Technology Application9 Center 
University of New Mexico 
Albuquerque, New Mexico 87131 
Phone: (505) 277-3622 

and 
Medla Services Branch 
Stlll Photography Llbrary 
NASA/Lyndon B. Johnson Space Center 
P.O. Box 58425, Mail Code AP3 
Houston, Texas 77258-8425 
Phone: (713) 483-4231 

A user may contact these agencies for ordering 
assistance, price lists, and order forms. To 
order a picture, submit the Shuttle mission 
number, the film roll number, and the frame 
number. 

If the interest lies in a specific area, a listing of 
available photographs can be obtained through 
lhe EROS Dolo Center. Submlt tho googrophic 
name (i.e., country, island chain, ocean, or sea) 
and the latitude and longitude coordinates for 
the area of interest. 

The Space Shuttle Earth Observations Project I 

Office recommends that a user visit one of the 
viewing centers to select the photograph best 
satisfying his o r  her requirements before 
ordering a photograph. 

Nltllonel Aoron~ullce 11r1d 
Spuco Admlnislrollon 



BEST AVAILABLE DOCU i~ Ei\: . 

Fig. 9 S30-95- 1 16. The primary port of Pakistan, Karachi, is 
loc'dtcci at, the western end of the moutlis of eh lndus River 
The ~r i ter t  Ida1 mangroves of t hc Indlrs River mouth bars are Fig. 10 S70-88-00K One of the last grcnr rescrves of 

b. 
\ l ~ ~ h  i i , t r k i l r  , J I ~ , I ~  lu [llc right K i ~ r a c h ~  is well dcli~rc;mled ill closed-canopy tropical hardwood (dipterocarp) forests is  
the left center of this color infrared photograph. Center- found on Borneo. Previous Space Shuttie missions have 
point is 250"N h7Q0E This photograph was taken at documented large-scale deforestation i n  both the Indone- 
0537GMT on 7 May 1989 from a n  aititude of 177 nrn  sian (Malinantan) and rvralaysian (particularly in Sabah 

(North Borneo)) portions of Borneo The extent of defores- 
tation here, primarily for timber export to Japan (Sabah) 

hampered by smoke and humidity hazes prevalent during and clearing for transmigration (Kalimantan), is still 



LFC DEPT. 
CHICAGO AERIAL SURVEY, INC. 
21 40 Wolf Road 
Des Plaines. IL 60018 USA 

Phone (31 2) 298-1 480 
TELEX 754439 UD 

Imagery f rom space, useable with many  conventional mapping instruments.. 

Including black and  white, color, and  color infrared h igh resolut ion photos. 

Individual f rames cover up to 65,000 sq.mi. (1  67,000 sq. k m . )  

Stereo coverage w i t h  up to 80% overlap. 

BEST AVAILABLE COPY CHICAGO AERIAL SURVEY, INC .  



PRODUCT AND PRICE LIST 
he photographic products listed below will be made from a Master Duplicate (first generation copy) 
; the original LFC f i 6  exposed during STS Mission 41-G during October, 1984. Prices are subject 

change and apply only to the experimental photography from STS Mission 41 -G. 
U.S. $ 

CONTACT PRINTS 1 CODE I PRICE 1 
9 x 9 inch (23 x 23 cm) Black and White 

9 x 18 inch (23 x 46  cm) Black and White 

9 x 9 inch (23 x 23 cm) Color 

9 x 18 inch (23 x 46  cm) Color 

01 

0 2  

03 

0 4  

PRICE 
65 

W 

C 5 

12 

ENLARGEMENTS 
Black and White, up to and including W or 18 x 18 inch (46 x 46  cm) print size 

Black and White, up to and including 3X or 27 x 27 inch (69 x 69  cm) print size 

Black and White, up to and including 4X or 36 x 36 inch (91 x 91 cm) print size 

Black and White, over 4X enlarcement or > 36 x 36 inch (91 x 91 cm) pr int  size. 

55 I 
65 

7 0  

80 

CODE 
05  

06  

0 7  

0 8  

PRICE . - 
1 I 

ROLL FILM DUPLICATION 
Black and White Positive from 2 & W negative; 20 frames minimum, per frame 

SINGLE FRAME POSIl'lVE TRANSPARENCIES CODE PRICE 
Black and White 9 x 9 inch (23 x 23 cm) Contact Diapositive; 7 m i l  base: base up 

econd generation f i lm diapositives prepared w i th  emulsion-to-emulsion contact cur ing  f i lm 
Kposure result in  a correci-reading base-side up product. If an emulsion-side up 3roduct is 
?quired, it wil l  be a third-generation copy since an internegative must be made as  v.rell. 

BEST AVAILABLE DOCUMENT 

per square foot (per 930 square cm) 

Color, up to and including 2X or 18  x 18 inch (46 x 46 cm) print size 

CODE 
13 

Color 9 x 9 inch (23 x 23 cm) Contact Diapositive;-7 mil base 

Color 9 x 18  inch (23 x 46 cm) Duplicate Transparency; 4 mi l  base 

Black and White 9 x 18  inch (23 x 4 6  cm) Duplicate Negative; 4 mi l  base 

Black and White 9 x 18 inch ( 2 3  x 46  cm) 
Panchromatic Negative from Cclor Transparency - 
Black and White 9 x 9 inch ( 23  x 23 cm) Contact Diapositive; 7 m i l  base; 
emulsion side up (includes in~ernegative)' 

Black and White 9 x 18 inch (23 x 46  cm) Film Diapositive; 7 m ~ l  base 

ACCESSION AID 
Microfiche of selected Misslor. E~hemer is  Data, Geographic Descr~ptors, 
and Footprint Maps showing Lxa t i ons  Frame-by-Frame (shipp~nq included) 

Color, up to and including 3X or 27 x 27 inch (69 x 69 cm) print size 

Color, up to and including 4X or 36 x 36 inch (91 x 91 cm) print size 

Color, over 4X enlargement or larger than 36 x 36 inch (91 x 91 cm) print 
size, per square foot (per 930  q u a r e  cm) 

Black and White Negative f rom 3 & W negative; 20 frames minimum, per frame 

Black and White Panchromatic Negative from color positive; 
20 frames minimum, per frame 

Color Positive Transparency Duzdication, 20  frames minimum, per frame 

18 

19 

20 

2 1 

22 

2 3 

CODE 
9 9 

10 

11 

12 

14  

15 

16 

53 

5 

7 0  

65 

C 

7 0 

PRICE 
- 
3 

150 

IS3 

20 

13 

13 

18 



LFC TECHNICAL NOTES 
=# 

(The following information is compiled from data available from NASA and other sources and is provided for 
informational purposes only.) 

INTRODUCTION 
The Large Format Camera (LFC) provides high quality metric 

stereo photography from space. Unlike electrooptical data 
collected by Landsat and other scanner-based systems, sophis- 
ticated computer processing is  not necessary to produce the 
photographic image. The LFC photographs are sized for use on 
standard mapping instruments. including the simplest stereo- 
scopic viewers. 

Scales of the film images r a x e  from near 1:750.000 to about 
1:1.200,000. These high-resolmion photographs can be enlarged 
10  times or more with little loss of image quality. In  mos; cases, the 
photographs are useable for m a m n g  applications at scales up to 
1 :50,000. 

As described i n  the product lin and ordering instrua~ons. a wide 
variety of f i lm and paper print products are available o n  standard 
orders. Custom services are sn i lab le  for special kerns, (e.g., 
mounting photos, oversize t r a n s ~ r e n c i e s  etc.) 

In the following paragraphs the LFC system, operation. and 
mission objectives are described. 

THE LFC PAYLOAD 
a camera The Large Format Camera (LH3) payload consists o' 

system (lens cone and film magazine, electronics assembly. and 
nitrogen gas supply assembly) and, attached to 11. a n  Attitude 
Reference System (ARS) (stelle: camera array wi th  its support 
structure, environmental enclosure. and electronics assembly). 

LFC SPEClFlCAllONS 
Film Format Size - 9 x 18 inches (23 x 46 cm) 
Lens Focal Length - 12 inches (30.5 cm) 
Lens Apenure - F/6.0 

Film Capaciry 
(Thin-Base Film) - 4000 tr (1 21 9 meters) 
(Frames of Photos) - 2400 (awroximately) 
Exposure Range - 4 ms to 3 2  ms(1/250 sec to 1. 31.25 sec) 
Exposure Interval 
Range - 7.5 sec minimum 
Ground Resolved 
Distance (Low 
Contrast) - 65 feet 120 meters) at 160  nautical 

miles in.mi.) altitude 
Ground Coverage at 
Typical Altitudes - 120 x 2 4  n.mi. at 160 n.mi. altitude 

222 x ." km at 296 km al r i~ude 

LFC DESCRIPTION 
The LFC is a high altitude aerfal mapping camera scaled up to 

operate from Earth-orbital a l t i t u e s  It is bigger. more sable, more 
precise. and more t e c h n o l o g l ~ l l y  advanced i n  ootics and 
electronics than its airborne prmacessors. 

LFC CAPABILITY 
The aspheric !ens system of the LEC focuses an onhffional image, 
free from spnerical aberration. on a 9 x 18 inch iocal plane. 
Photographs are made with the long axis of the fi lm parallel to the 
ground track Th~s  is done to prcclde an opportunity fo: adequate 
image-mot~on compensation wlr-tn the camera. The czmera body 
is pressur~zed by the nitrogen gas suoply. This helps to s:abil~ze the 
film and provldes an atmosphere $3 which a relative vacuum can be 
created to momentar~ly press the f l lm onto the platen during an 
exposure Durlng the exposure odlse. the platen moves the film at 
exactly the correct speed (elecrron~cally controlledl to cancel the 
image smear that would otherw~sz be caused by the movement of 
the Shuttle over the Earth. To accJlre stereo pairs of photography, 

exposures mav be timed to provide forward overlaps d 80.70.60. 
or 10 percent. In  the 80-percent mode, each pair of ;notos would 
have a base height ratio of 1.2. which should ~ l l o w  photo- 
grammetric perception of heights as small as 3 0  me-irs (plus or 
minus 15 me:ers) at a map scale of 1:50.000 

ANCILLARY DATA 
Each frame of LFC film is imprinted wi th  data r e f e r ~ c e d  to time 

of exposure. The data includes a Reseau grid, fiducial marks, 
mission and ?-me numbers. Julian Day, and Greenwich Mean 
Time, all keyed to the precise center of the exposure pulse. Each 
pair of frames of the ARS is also imprinted with a Reseau, a frame 
pair number. and time. 

OPERATION 
The LFC is monitored by the S h m l e  Orbiter's general purpose 

computer, a m  rhe data transaction signals are reayed to the 
operations c e c e r  at the Lyndon B. Johnson Space C m e r  (JSC) in  
Houston These signals (38 data channels) i n c l u e  flags and 
operational pzrameters that enable the Principal Inv-igator and 
his associates ro monitor and command the LFC  fro^ ::e ground. 
The crew of :he Orbiter also has access to c r i d c l  items of 
information a k u t  the system. and can operate 3 cameras 
through a stand-by system on board. 

FILM TYPES 
Five types of Kodak film (three secions of black anc white. a sec- 

tion of aerial color. and a section of trigh-definition cztaor infrared) 
were spliced :wether to fi l l  the LFC film magazin€ in  order to 
evaluate the camera's optical properties at s e w 1  spectral 
wavelengths. E i e  ARS stellar cameras have only one :me of black 
and white Kocak film. 

OBJECTlVES 
Mission 41 -G Objectives were: 

1. Verification of the mechanical, thermal, elczrical. and 
electronic operation of the LFClARS system in 3 n h  orbit. 

2. Operation of the LFC with four n/pes of fi lm o v ~  cloud-free 
land areas to obtain data for analytical evaluatior of mapping 
capab i l i r~s  of the camera. 

RESULTS AND USES 
Mission 41 G (rhefirst experimental LFC f l igh1)encmtered 

extraordinary cloud cover, particularly i n  the nonhern 
hemisphere. however. many cloud-free areas were ~ h o t o -  
graphed in  t h i  northern hemisphere as well as in t?e near- 
equatorial regtons and the southern hemisphere. W h l e  20- 
30% clouds rerders conventional aerial photographv almost 
useless, the huge area covered on each LFC frame 3llows 
large areas beween clouds or larger cloud-free P a m  3 each 
photograph to x used for mapping. 

A gross srereo model on a typtcal high altituac aerial 
photography 150% overlap, scale = 1:58.0001 =overs 
approximately 4 square miles (100 sq. km.). The t p c s l  LFC 
stereo model I 59% overlap. scale = 1 750,000) encorcasses 
about 14,000 q u a r e  miles (36.000 w. km.)l The efficyancy of 
using LFC cowrage is apparent, esaecially in  reglccs wi th  
limited grounc control. 

Spec~fic aool-cations for LFC photographs include r u t  are 
not l~mited to 

topographic ~ a p p i n g  
planimetr~c napplng 
land use ma3oing 
hydrologic sludies 
natural reso,rce inventory 
minerals exzloratlon 

'""' WAILABLE DOCUMENT 



Appendix F. 1. Soyouzkarta (from Soviet KOSMOS) imagery of 
Afghanis tanPakistan. 

F. 2. Soyouzkarta photography acquisition information - 
Contitrade Services Corp. 







BEST AVAlUlBtE DOCUMENT 

What makes this image of a 
mounhin range, taken from space 
by an orbiting sate te, different 

other spac imagery? 
ty and resolution! 

ContiTrade Services Corporation. under terms of a trade agreerner.: .v:ch USSR 
FTO Soyuzkarta, has exclusive rights trr market high resolution Sov-5: satellite 
imagery within the Western Hemisphere. with limited exceptions in f z::n America. 
This high resolution imagery may be purchased for all parts sf the :sz r i= i ,  with 
exception of the USSR and Socialist nations. 

Products from two camera systems are available: the KFA-I000 anc 2% recently 
declassified MK-4 camera. 

KFA-I000 has resolution of 5 meters, Gcrt some independent investiszrors Rave 
reported resolution as fine as 2 meters or less. Objects as small as t:6kFidual trees 
and automobiles in parking lots are recognizable. MFA-1000 irnageq is recorded 
on 30 x 30 centimeter film and returned to Earth for processing. Oric'5~1 scale of 
the recorded film is about 1/250,OCb(b, so each frame covers an area ~,-;roxisnately 
60 x 60 miles. 

( b e  Mountain Range, It& 

KFA-1000 photographic images are avzjlable either in panochromatic G i  spectro- 
zonal color. Spectrozonal fiim is 6ual emulsion and remrds Iight in 570-570 and 
670-810 nanometer ranges. Ali mater ia  are first generation deriva$:ss from 
original negatives. 
Produds are available as black and whse or color film positives or nszzives,  as 
well as paper prints. Photographic scales range from ?/250,000 to 1 2k.900. 

MK-4 is a true multispectraf eartwraphic camera with a resolution of 3 meters. 
Data are recorded an four separate film bases simuttaneously in a \rc17sry of spec- 
tral bands, ranging from the lower part oi the visible spectrum into the ntar  infra- 
red. Original film is 19 x 19 centimeters in size. Data recorded at an ok~i..sal scale 
of about 11700,000 may be enlarged without loss of resolution or r&ca!ion to a 
scale as large as 1/24,000. MK-4 has 25 fiducial points and may be oc:zIned in a 
variety of photographic products, either black and white or false coloc 

KFA-1000 and MK-4 products are available from extensive banks of zrc3ival data. 
Most were recorded after 1986. Products from archives generalfy are &livered 
within three weeks of date order is received. Where data are not in archivss, 
ContiTrade Services will contract to acquire coverage for a future deli**%ry date at 
no extra cast to the customer. Special order conditions are negotiated on a 
case by ease basis. 

ContiTrade Services requires customers to sign a license agreerneni ~ a r d i n g  
reproduction of the satellite imagery. Advance payment required for a!! irnagery 
where prior credit is not arranged. 

A variety of derivative products are being developed, including high rezsiution 
digitized CCTs of KFA-1009 and MK-4 film products. These are digrtizs ..v~thout 
loss of resolution or rectification and formatted to be compatible with f csat and 
SPOT digital products. 

For further details, contact: 

ContiTrade Services Corp. 

i 
CorrtiTrade Services Corp. 

277 Park Avenue 2080 South Main 
New York, N.Y 10172 Fort Worth* Texas 761 1 QL 
Phone: 21 2/207-5.550 - Phone: 81 71923-8301 
r a x :  21 21935-5787 F a .  8 1 71923-25 f 5 



September 15, 1989 

Dear S i r :  

I w i s ?  to make you aware sf thiz u l t r a h i g h  r e s o l u t i o n  
satellite photograshy ContiTrade S e r v i c e s  Corporation is now 
markezing. T h r o u g h  a t r a d e  a g r e e m e n t  signed w i z h  FTO 
Soyuz-;ar ta, Conti~rade- Services Corp- n o w  markeys i n  the 
w e s t €  rn hemisphere f i v e  metgr r e s o l u t i o n  p h o t o c r a p h y  f rom 
both she K F A - 1 0 0 0  and M K - 4  cameras, 

O u r  csverags is ex tens i ve ,  o ~ t r  computer s e a r c h s s  yuick and 
e f f i c _ e n t ,  and our  d e l i v e r y  z i m e  is g e n e r a l l y  =>tee weeks .  
W e  bs: ieve these data are t h e  finest commercial satellite 
data z v a i l a b l e ,  and believe t h e y  may successful3y be used i n  
c a r t c - z r a p h y ,  G. I.S,, and u r b a n  p l a n n i n g  as well a s  the  more 
t sad i : iona l  uses of s a t e l l i t e  d a t a .  

A l t h o ~ g h  t h e  o r i g i n a l  data ate i n  a p h o t s g r a p h f z  format,  w e  
have successfully digitized t h e m  without boss cf resolution 
o r  q c s l i t y ,  B o t h  p h o t o g r a p h i c  a n d  d i g i t a l  prs=; '~c ts  may be  
ob ta i ?ed ,  

S h o u l z  you d e s i r e  n e w  coverass, w e  w i l l  cornmis .= ,<on to 
provide this, metemrolsgicab conditions p e s m i t ~ f n g ,  within 
. z i x r y  d a y s  and delZ;.er the product t o  you st the same pr ice  
as a r z h i v a l  d a t a -  

- A f t e r  you  have h a 6  a chance zo  l o o k  eve- these ~ a t e r i a l s ,  L 
will =all to discuss hc iw  these materials m a y  m E s t  y o u r  
I ~ E E ~ C , .  



CONTITRADE SERVICES CORPORATION 
D I G I T A L  PRODUCTS PRICE L I S T  

All prices are US dollars- 

Ca, 50 x 50 miles 

P Band $2550 
2 Bands $SQSQ 

KK-4**  Ca, 2 0 0  x 100 miles 

I Band $2050 
2 Bands $4850 
3 Bands $5520 

Ca, 150 x 150 miles 

I Sand $1550 
2 Bands $2550 
3 s a n d s  $3550 

A12 data  are 6250 B P I  C C i S  in a S ~ r r n a t  compatible w i t h  EOSAT 
TM d a t a .  

* D i g i t i r e d  a t  F i v e  (5) micron p i x e l  element s i n e  
* * D i g i t i z e d  a t  three (3) micron pixel element s i z e  

"'*Digi t ized at t e n  (10) micron p i x e l  e l e m e n t  size 

All d i ~ i t a l  p r o d u c t s  are made from f i r s t  g e n 5 r s t i o n  f i l m  
positives or from original fi l m  negatives, 



CONTITRADE SERVICES CQRPORATIQN 
KFB-1006 P R I C E  L I S T  

ResaPutian 5-4  Mstars 

277 Park Avenue 
New York, NY 10172 
(212) 207-555Q 
Fax (212)  9 3 5 - 5 7 8 7  
Telex 422 5 4 2  

PRODUCT 
CODE .*,-""...","- 

S&W 
DESCRIPTION -_ll--l___,llwl*...m.wm-a~- 

1. Film P a s i t ~ v s  1/%2Q-270,000 (3Ox30em) 
2. F i l m  Nega t i ve  18228-278,000 ( 3 0 x 3 0 ~ ~ 1 )  
3. Pos. Contact P r i n t  1/228-270,000 (3Qx30cm) 
4 .  Positive P r i n t  1/125-135,000 
5. Paper P r i n t  1/50,000 

6. F i l m  P o s i t i v e  1/220-270,800 (3Ox38crn) 
7 .  F i l r n  N e g a t i v e  1/220-270,008 (3Ox30crn) 
€3. Fos .  C ~ n t a e t  P r i n t  1/220-270,806 (3Ox30cm) 
9. P o s i t i v a  P r i n t  l/P25-L35,OOO 
10. Paper  P r i n t  1 /SO,OOQ 

200Q South M a i n  
Fort Worth, TX 76110 
(017) 923-8301 
I-000-343-8650 
Fax (817)  923-2515 

U N I T  P R I C E  
PRICE  -_ -I.-.%... PEW SQ.K3 

(Scale o f  o r i g i n a l  n e g a t i v e  is v a r i a b l e  due t o  d i f f e r i n g  altitudas of  satellites 
carrying t he  cameras. They can be rectified to a specific scale upon r e q u e s t . )  

Add $125 Shipping & Handling f o r  each ardor. ( A l l  p r i c e s  a r e  U.S. D o l l a r s )  



MM-4 PRICE L I S T  
Resolu t i a n  5-8 Ma t e r s  

277 Park Avenue 2000 South Main 
New York, NY 10172 F o r t  Worth, "X 76110 
(212) 207-5550 (817) 923-8301 
Fax (212) 935-5787 1-800-343-8650 
T o l o x  422 542 Fax (817)  923 -2515  

PRODUCT UNFT P R I C E  
CODE --- DESCRIPTION 
S i n g l e  Band 

PRICE PER SQ,KM 

11. F i l m  P o s i t i v e  1/900,000 (18xIqcm) $1650 $0.05 
12.  F i l m  N ~ g a t i v o  1/9QO,QOO (18x l -Jc f~)  $ 1  4 10 $ 0 . 0 5  
13. f ' i l r i ~  Nog-l-'ou. S o L  I/CIOO,000 (IBxdElc~r~) $1190 S O .  0 5  
14. ~ s s .  Contact  P r i n t  1/900,00Q (18yh8em) $ 210 $0.01 
15. P o s i t i v e  P r i n t  1/500,Q00 ( 3 6 x S B c m )  $ 300 $0.01 
16. Paper P r i n t  1/250,000 , $  440 $0.02 
3 Bands 
17 .  Film P o s i t i v o  1/900,080 (18~18crn) $2520 $0. ld. 
18. F i l m  Negat ive 1/900,00Q (18xl8cm) $2660 $0.12 
19 F i l m  Neg-Pos. S a t  1/900,000 (18x18cm) $2860 $0.13 
20. Pos. Contact  P r i n t  1/980,000 ( 1 8 x 1 8 ~ ~ 1 )  $ 4ZQ $0,02 
21. P o s i t i v e  P r i n t  %/500,00Q ( 3 6 x 3 6 ~ ~ )  $ 600 $0.26 
22. Papsr P r i n t  1/250,600 $ 880 $0.04 
Calsr Spec.  
23. F i l l 1 1  P o s i l i v e  . l /900,000 ( I0x l8c111)  $1350 $0. Oc.? 
2 4 .  F i l m  Negat ive 1/900,000 (18xl8cm) $2070 $0.09 
25. F i l m  Neg-Pos. Sat 1/900,000 (18xl8ern) $2250 $0.10 
26. Pos. Contact  P r i n t  1,900,000 (l8x18cm) $ 700 $0.03 
27. P o s i t i v e  P r i n t  1/500,000 (36x36crn) $1020 $0.05 
28. Paper P r i n t  : /250,0OO $1608 $0.07 
Color Syn. 
2 9 :  F i l m  P o s i t i v e  1/900,000 (h8x18cm) $3220 $0.14 
30. F i l m  Negat ive 1/900,000 (18xlf3cm) $3470 $0.15 
31. F i l m  Neg-Pos. Set 1/300,000 (18xl8cm) $3800 $0.17 
32. Pos. Contact  P r i n t  $/900,000 (18xl8cm) $ 750 $0.03 
33. P o s i t i v s  P r i n t  1/500,000 ( 3 6 x 3 6 ~ ~ 1 )  $18'70 $0.05 
3 4 .  Paper P r i n t  1/250,000 $1600 $ 0 - 0 7  
( S c a l e  o f  o r i g i n a l  negat ive  is v a r i a b l e  dus to d i f f e r i n g  a l t i t u d e s  o f  s a t e l l i t e s  
c a r r y i n g  the cameras. They can be r e c t i f i e d  t o  a specific s c a l e  upon reques t )  
A d d  $125 Sh ipp ing  & Handl ing f o r  each o r d e r .  (All p r i c e s  ara U. S .  Dollars) 
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S O Y U Z K A R T A  D A T A  S E A R C H  

MAIL TO: Company 
Contact 
Address 
Phone Fax 

SEARCH INFO: 

Date of Request I -1- 
Country to search 

Period of Acquisition: From I I - 
To 1 - 1 -  
All Coverage 

Maximum Acceptable Cloud Cover: 100/o 25% 225% 

COORDINATES: 

LatitudelLongitude Single Point Search 

Point 1 Point 2 
Latitude D M N / S  Latitude D M N I S 
Longitude - D M E / W Longitude D M E / W 
Radius (km) Radius (km) 

Point 3 Point 4 
M N / S  Latitude D Latitude D M N I S 

Longitude - D - M E I VJ Longitude D - M E / W 
Radius (km) Radius (km) 

LatitudelLongitude Regional Covz ra~e  Search 

1 k t i t ude  Deg tdin N I S 
Lmgitude Deg Min E I W 

2 Lttitude Deg Min N I S 
Longitude Deg Min E / W 

3 Latitude Deg Min N I S  
Longitude Deg Min E I W 

4 Latitude D ~ Q  Idin N I S 
Longitude Deg i n  E / W 

Soyuzkana Grid Reference Map 

Area 1. Numeric . Alphaet ic 

Area 2. Numeric . Alphaet ic - 

Area 5 .  Numeric , Alphz2etlc 

Area c. Numeric , Alphz3et1c 

BEST AVAILABLE COPY 



C-ONTI'I'KAI>E SIiHVICE C O H  I'OR.4T 
2iKH) SOUTH h l A l N  

FORT \\'OHl'H. T S  761 10 
(S17) 923-8301 

FAX (817) 923-25 I S 
I-H00-343-R650 

S O Y U Z K A R T A  D A T A  P U R C H A S E  

PURCHASER: 
Company 

Address 
Phone Fax 

SHIPPING ADDRESS: 

I FILM NO. FRAME NO. PRODUCT NO. OF UNIT TOTAL 
I 
I 

CODE EACH PRICE PRICE 

SPECIAL ACQUISITIONS: 
For initiating a special acquisiiion, 
please call 1 -800-343-8650 

TYPE OF PAYMENT: 

- Check I Money Order, enclosed 

- Purchase Order 

TOTAL ORDER $ 

COMMENTS or SPECIAL INST3UCTIONS: 

BEST AVAILABLE COPY 



Appendix G. Landsat 4/5 worldwide reference system scene centers for 
Afghanistan and Pakistan. 




